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Abstract  

Background 

The Northern Territory has the highest rates of kidney disease in Australia with 

Aboriginal people from remote areas suffering the heaviest burden. Despite this, 

dialysis services are largely centralised in urban areas requiring many people to 

relocate for treatment. Long term relocation has significant psychosocial and 

economic ramifications for the individual, but logistical and financial challenges also 

exist for the provision of services to remote areas. Few dialysis cost studies have 

examined how a patient’s preference for services closer to home affects treatment 

adherence, health service utilisation and health outcomes. Even fewer studies have 

determined the value for money of a service from multiple stakeholder perspectives. 

Aims 

To determine the costs and benefits of dialysis services in urban, rural and remote 

locations using a mixed methods approach incorporating multi-stakeholder 

perspectives and world views. 

Methods  

Clinical and administrative data (including financial records) for maintenance dialysis 

patients was analysed by the type and location of dialysis service. The patient 

perspective was drawn from historical and contemporary interviews. A value for 
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money framework incorporating the quantitative, qualitative and economic data was 

developed with all stakeholders.  

Results 

Observed and modelled activity and costs demonstrated a strong association 

between dialysis attendance, model of dialysis service and downstream health 

service utilisation. Although the recurrent maintenance dialysis costs of remote 

services were higher than urban services, relocated people attending urban services 

had significantly lower dialysis attendance and higher other health service usage. This 

resulted in substantially higher tertiary service costs, and when combined with the 

maintenance dialysis costs by model of care, the incremental differences between 

models were minimal. In a participatory co-design process, policy makers, clinicians 

and patients agreed on six criteria expressing value for money, spanning the 

qualitative, quantitative and economic data.  

Conclusion 

This mixed methods analysis demonstrates the importance of using multiple data 

sources and incorporating all stakeholder perspectives when considering the value 

for money of a service model. Given the geographical mismatch between demand 

and service provision, a narrow focus that fails to take into account these different 

perspectives may mis-inform policy makers attempting to allocate scarce resources. 
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Forward 

I think of myself as a clinician – not a researcher. Thus, undertaking this study was 

both immensely challenging and immensely satisfying. For most of my working life I 

have worked directly with patients and since 1993 it has been in the renal services 

area. I enjoyed working in the clinical area, and I enjoyed working closely with 

patients and families as they transitioned onto dialysis. For so many, this involved the 

permanent relocation from a remote or very remote area. I could see how 

devastating this was for patients and families but at the time there were no other 

alternatives. Patients had great difficulty adjusting to urban life and many would take 

months to years to reconcile their need for regular treatment with living in the urban 

area.  

I soon realised that the high number of missed treatments, due to lengthy periods 

back in community, were being misinterpreted by many as patients wanting to ‘finish 

up’ (i.e. stop treatment); rather than “I want treatment, I just don’t want it here”. At 

the time, there was also a perception by some that perhaps culturally, dialysis was 

not a treatment acceptable to most Aboriginal people. The chronic and highly 

technical nature of the treatment as well as the need to circulate blood outside of 

the body, were considered at odds with an Aboriginal person’s world view of health 

and wellbeing. This view also lent weight to the theory that dialysis attendance 

would not improve if services were provided in remote areas. No amount of lobbying 
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by clinical staff, patients and their families could sway decision makers that 

alternative options might produce a different outcome.  

They say the mother of invention is necessity, and I believe this is the reason renal 

services in the NT developed such innovative renal service models. Most of these 

were ‘firsts’ in Australia and many were driven by community actions: the first 

staffed dialysis unit in a remote community; the first dialysis trained Aboriginal health 

worker and dialysis training program; the first Aboriginal owned and driven dialysis 

service; the first multi-user relocatable facility for self-care dialysis in remote 

community; the first mobile dialysis service for remote areas. 

Still the reluctance by governments, at all levels, to support staffed dialysis services in 

remote areas persisted. I think the motivating factor for this study was when I was 

informed, that as a clinician, “I did not get to make policy!”  

The opportunity to change that came in an offer to work in research from Professor 

Alan Cass, with a promise that I could also work on something close to my heart. This 

study, an idea about examining the cost consequences of dialysis services in different 

locations, took shape and form through the guidance and support of Professor Alan 

Cass and Professor Kirsten Howard. 
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My close and long standing association with the renal services, not just in the NT but 

across Australia, drove the direction of the analysis. My understanding of the data 

and checking the face validity of models was greatly enhanced by my experience and 

intimate knowledge of how dialysis services were delivered and received. 
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Chapter 1  Introduction 

 

1.1  Chapter Overview 

This chapter gives a brief overview of renal service design and development in the 

NT. It describes the changing political and geographical environment that created the 

impetus for the development of community driven and different models of care and 

includes findings from a broad literature review of national and international studies 

examining the availability of dialysis models, outcomes and costs. 

1.2  Declaration of Authorship 

Gillian Gorham designed and determined the methodology for the literature review 

and undertook the research for this chapter. Professors Kirsten Howard, Joan 

Cunningham and Alan Cass provided advice regarding structure.  
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1.3  Background 

Dialysis provision for end-stage kidney disease (ESKD) commenced in Australia in the 

early 1960s. In comparison to other jurisdictions, renal services in the Northern 

Territory (NT) were late to develop with the first staffed dialysis facility of two 

stations commencing in 1984 (1). In part this was due to the relatively small 

population of just over 138,000 at that time (2), the large geographical area (over 1.3 

million sq.km), and widely dispersed communities and health services. Dialysis 

services were limited to urban areas, even though the majority of people requiring 

treatment lived in remote areas.  

Aboriginal people make up the majority of people requiring renal replacement 

therapy (RRT) in the NT (3). They tend to be younger, more likely to be female and 

the majority (more than 80%) will have relocated from a remote area to access 

treatment. They and their families suffer significant psychosocial and economic 

hardship as a result of dislocation and, over many years, individuals and communities 

have advocated for services closer to home (4). 

Options to have treatment within one’s home, or place of residence, include 

transplantation, home haemodialysis (HHD) and peritoneal dialysis (PD). However, 

transplantation rates amongst Aboriginal people are low, and peritoneal and self-

care haemodialysis make up less than 10% of people receiving RRT in the NT (3). In 

fact, 75% of people in the NT requiring RRT utilise satellite and staffed haemodialysis 

services (5). This contrasts to other jurisdictions, where satellite dialysis comprises 
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approximately 40% of RRT. Moreover, fewer than 21% of NT dialysis patients access 

services at home (self-care therapies) or close to home, such as in a rural or remotely 

located satellite facility (5).  

Maintenance dialysis is an ongoing treatment that can extend into decades for an 

individual. It requires significant infrastructure, human resources and equipment that 

must meet specific technical standards (6, 7). It is therefore a resource intensive 

activity and represents a significant cost for health systems (8-10). In the NT, 

maintenance haemodialysis makes up close to 50% of all hospital separations (11). 

In the NT, the disconnect between where people who require RRT live and dialysis 

service locations, has largely been driven by cost i.e., the perceived expense of 

providing dialysis care in remote locations over urban locations. This policy has 

resulted in the dislocation of most Aboriginal people requiring treatment.  

It is undeniable that there are considerable costs associated with providing dialysis 

services in remote communities. Inadequate community infrastructure, skilled 

workforce shortages, and difficult and expensive transport options, all provide 

logistic and financial challenges (12, 13). However, the costs associated with not 

providing services in the community are poorly understood. The consequences of 

relocation are significant but have not been fully explored or quantified and the true 

costs of taking people to services, rather than services to people, is unknown.  
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1.4  Dialysis Models of Care in the NT 

The NT currently offers seven models of dialysis care (DxMoC). Renal services are 

configured in a hub and spoke arrangement with the hubs based in the tertiary 

hospitals in Darwin and Alice Springs. The hubs provide renal program oversight, 

specialised clinical expertise and care. The spokes are the network of dialysis facilities 

based in other urban, regional and remote locations. Each region (Top End and 

Central Australia) has its own hub and spoke arrangement. Private dialysis facilities 

are not available in the NT although the Northern Territory Government (NTG) does 

provide some dialysis services through public-private partnerships. That is the NTG 

funds private companies to supply and manage dialysis services, not including 

nephrology oversight. Patients remain clients of the public system and move 

between the services according to facility capacity and individual patient 

characteristics including clinical status.  

Models of care 

For the purposes of the study, dialysis models of care (DxMoC) have been 

categorised according to location and support. There are seven models defined in 

this study from zero (0) to six (6). Tertiary hospitals, which have a focus on acute 

dialysis, were also used for maintenance dialysis during the period of this study and 

have therefore been included as Model 0.  
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Model 0 – Urban Tertiary Hospitals (n=2) 

This model, delivered from the tertiary hospitals in the urban areas is reserved for 

acute dialysis treatment, patients requiring complex management or those requiring 

close observation. It is also the primary location for the majority of new patients 

commencing dialysis. Movement between this model and other services is high. 

These facilities are relatively small with between six and eight treatment stations. 

Model 1 – Urban satellite facilities (n=4) 

Most clients receive maintenance dialysis in a satellite facility in in the urban centre, 

where once stabilised, they are assessed for suitability for other models. The urban 

centres are the fallback and overflow facility for rural and remote services, which are 

usually operating at capacity, and with waiting lists. Urban models cater for more 

than 60% of all people receiving dialysis. Each of the urban areas of Darwin and Alice 

Springs have one very large facility (22 to 26 stations) and one smaller facility (8 to 12 

stations). One of the smaller facilities is managed under a public/private partnership. 

Model 2 – Rural satellite facilities (n=2) 

With most patients originating from a remote community and dialysis services 

centralised, few patients have had the opportunity to receive care at home. 

However, the repeated need to expand urban satellite capacity due to increasing 

patient numbers prompted moves to develop services in rural areas by co-locating 

them with the local hospital, in an effort to ensure safety and sustainability. There 
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are two facilities (six to eight stations), one in each of the Top End and Central 

Australia regions, co-located with a rural hospital, and one of which in the latter 

period of this study was managed under a public/private partnership. The facilities 

provide greater access to dialysis services for people from the surrounding 

communities, and while not at home, are closer to home for many patients.  

Model 3 – Remote satellite facility (n=1) 

Aboriginal leaders from a remote island community lobbied different levels of 

government for funding to establish their own community-based service, albeit 

government funded and delivered. This service, the first staffed service in a remote 

community in Australia with six stations, began as a supervised self-care model with 

six independent patients and a nurse manager providing operational management of 

the facility. Accommodation was built for the supervising nurse and staffing was 

managed on a weekly fly-in fly-out basis. Over time there was a reduction in the 

independence of patients and a growth in the demand for access. The staffing model 

expanded but remained rotational. There is only one Model 3 in the NT (in the Top 

End) and capacity is limited by staffing availability and funding allocation.  

Model 4 – Aboriginal community owned and driven (n=9) 

By and large the provision of staffed dialysis services in remote communities has 

been the remit of non-government organisations. Communities, unable to achieve a 

similar outcome to Model 3, came together to raise funds from non-government 

sources to establish their own culturally appropriate service. The Western Desert 
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Nganampa Walytja Palyantjaku Tjutaku (WDNWPT) Aboriginal Corporation (now the 

Purple House) has been successful in raising funds from a variety of sources and 

provides a combination of respite and permanent dialysis services within a program 

of social support. They established small two to four station, staffed dialysis facilities 

in a number of remote communities. The organisation has enabled people to 

maintain their connections to family, community and culture (14).  

The community-based model of dialysis has proved to be very attractive to patients. 

Communities across the NT and into the border regions of South Australia and 

Western Australia have requested assistance from Purple House to set up services in 

their community. Purple House is interlinked with the government service and 

configured in a similar hub and spoke model. Purple House spokes are exclusively in 

remote areas while the hub in the urban area largely focuses on patient support. 

Patients move between both services with clinical oversight provided by the 

government Nephrology team. However, unlike the other public/private partnerships 

in the NT, the continued delivery of remote services by Purple House during this 

period was reliant on a combination of Aboriginal community, philanthropic, Industry 

and government funding.  

Model 5 – Self-care home and community haemodialysis  

Self-care haemodialysis in remote communities was the last model to be approved in 

the NT with considerable resourcing for infrastructure and staffing allocated in 2004. 

Dedicated safe places, designed as multi-user two station facilities, for individuals to 
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independently undertake their dialysis treatments were established within remote 

health clinics or as stand-alone structures (12). However, the uptake of self-care 

community-based haemodialysis was variable across the NT. Although the number of 

people choosing self-care haemodialysis grew steadily in the TE, the rate of growth in 

CA was noticeably slower (15). Numbers fluctuated yearly with frequent movement 

between urban models and Model 5. 

Model 6 – Self-care peritoneal dialysis 

Self-care peritoneal dialysis has always been supported in the NT and was the original 

form of dialysis treatment available for Aboriginal people (1). However, uptake was 

low, with high rates of infection and modality switches. Differences in the uptake of 

peritoneal dialysis in CA compared to TE also existed (16). Overall fewer than 5% of 

kidney patients in the NT undertook peritoneal dialysis (17).  

1.5  Services Closer to Home - National and International 

Context 

Self-care therapies are actively promoted in Australia and in countries with similar 

access issues for remote and rural populations (18-20). Although such therapies have 

excellent health and quality of life outcomes, and afford greater employment 

opportunities, there is decreasing utilisation of self-care across countries (21-24). 

Reasons include lower numbers choosing self-care dialysis due to perceived levels of 

social and clinical support; knowledge, cognitive and lifestyle capacity; poor home 

infrastructure; clinicians’ perceptions of patient training challenges and non-
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adherence to treatment regimens (25, 26). For a variety of reasons (including high 

infection rates and reduced oversight of treatment adherence) there were also 

concerns regarding the appropriateness of self-care therapies for Aboriginal people 

in remote locations (27-29).  

In Australia, both Western Australia and Queensland have established staffed dialysis 

facilities in remote and very remote locations (30, 31). The Western Australian Health 

Department has long been delivering services to the remote Kimberley region in a 

variety of formats. Services were initially provided in the form of self-care treatments 

and later, a partnership with an Aboriginal Medical Service was established to 

provide a satellite service in the township of Broome. Since then, services have 

expanded under the partnership with the establishment of a number of staffed mini-

satellite facilities across the Kimberley to the NT border (32). Services were also 

established in Kalgoorlie and more recently the broader Goldfields. Queensland has 

staffed facilities in Mt Isa, Cook Town, Palm Island and Thursday Island 

(www.kidney.org.au). 

While rates of kidney disease amongst Maori and Pacific Islanders in New Zealand are 

similar to Aboriginal peoples in Australia, issues with access to treatment are 

different (33). Remoteness and distance to access services in New Zealand are 

infrequently described in the literature. However, there is evidence of alternative 

models to support greater numbers of people to take up self-care dialysis, such as 

the Independent Community House (34) and staff assisted peritoneal dialysis (35). 
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The Independent Community House is a model similar to that used in the NT, where 

a multi-user facility is provided for independent patients to have a safe place for 

treatment and in which to come together to gain support from each other (12).  

As in Australia, communities in the United States and Canada, particularly First 

Nations peoples in remote Canada, have advocated for dialysis services closer to 

home. Relocation and the associated dislocation, reduced quality of life and 

psychological impact are well documented (36, 37). Service providers in Canada have 

also documented similar experiences with endeavours to provide services closer to 

home, particularly in relationship to environmental and geographical challenges. 

Alternative models of care (mobile dialysis/remote dialysis units) (38) with a variety 

of support mechanisms (telemedicine, fly-in fly-out) (19, 39) have developed in 

recent years. 

However, the establishment of remote dialysis services is not without debate, largely 

relating to concerns around safety, quality and sustainability. Both nationally and 

internationally, concerns have been raised regarding poorer outcomes and higher 

hospitalisations of patients attending rural facilities (40, 41) with some discussion on 

the relative associations between outcomes and distance from the hub unit and thus 

adequacy of supervision from the nephrologist (42-44). However, as Mendelssohn 

(44) points out, the quality indicators used in the latter studies were not clear and 

other factors that have been shown to adversely influence outcomes, such as dialysis 

attendance rates, shortening treatment and travel times (45-47), were not 
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considered. Additionally, a number of other studies have shown improved outcomes 

for dialysis patients treated in remote facilities (32, 48, 49). 

1.6  Local Context 

Relocation and dislocation  

Maintenance dialysis is disruptive for all patients and their families. However, the 

impact on remote area Aboriginal people is particularly severe (50, 51). As the 

requirements for dialysis can extend over many years, a dialysis model of care 

(DxMoC) that requires a person to permanently relocate away from his or her usual 

residence, community and support networks has significant implications.  

The difficulty patients have in reconciling their community and family responsibilities 

with treatment requirements is well known (1, 52) although much of the information 

from the NT remains in the grey literature (unpublished reports and 

communications) (53-56). Patients go to great lengths to visit their home community, 

to maintain their connections to kin and country, jeopardising their health, their 

accommodation arrangements and incurring great expense. The extended 

community visits and subsequent missed dialysis treatments result in poorer health 

outcomes and shortened life expectancy (47, 57, 58).  

Dislocation for treatment places people under extreme stress. Individuals suffer loss 

of employment, community standing and authority. Families are separated and 

partners and children may be left behind. In the NT, kidney patients tend to be on 
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average 20 years younger than interstate patients and in the prime of their life (59). 

They are parents, elders, artists, health workers and teachers. Relocation means they 

are unable to contribute to community life effectively without extended absences 

from treatment.  

Spouses and children are particularly affected. The decision to relocate the family 

with the patient is a difficult one. The uncertainty of and unfamiliarity with every 

aspect of urban life is pervasive – differing language, customs, transport modes, 

accommodation, support services, community networks and schooling. Further, 

communities can ill afford to lose active, productive and skilled people without 

profound consequences. The loss of knowledge and community leadership has a 

devastating impact on the stability and cultural continuity of the community. 

Children are likely to have extended gaps in schooling resulting from the disruption 

to the family dynamics and the to-ing and fro-ing between the home community and 

urban area (60). Evidence suggests that this increased mobility poses significant 

challenges and requires substantial ongoing support to assist children to adjust to the 

unfamiliar urban school environment with its different faces, language and customs 

(61, 62).  

Housing and social supports 

Housing is the first and most pressing need for new patients relocating for treatment. 

Public accommodation in both the remote and urban areas in the NT is difficult to 

secure. It is estimated that, on average, an additional four family members 
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accompany every person relocated to the urban area for treatment (63). Hostel 

accommodation is considered short term and unsuitable for a family. Many patients 

complain about the loneliness, isolation and expense of living in a hostel (64, 65).  

Public housing enables families to be together but is in short supply and wait lists 

extend into the years (66, 67). Without relinquishing their lease in a remote area, 

families are unable to be placed on the waiting list in an urban area. Thus, families 

effectively become homeless, living in overcrowded accommodation in the urban 

area and unable to return as a family to their community if circumstances change 

(68). Once in a house, few patients have the resources to acquire essential 

whitegoods and furniture. While the extended family is important, large numbers of 

visiting kin can disrupt routines and create disturbances that threaten the tenancy 

(69).  

Patients and families need support orienting to a new, unfamiliar urban environment, 

including learning life-skills such as negotiating health and social services, using 

public transport, shopping and managing their accommodation (70). Given that 

English is not the first language of most remote NT Aboriginal communities, 

negotiating urban life is both challenging and stressful for many Aboriginal people 

(71, 72).   

Role of ‘place’ in the uptake of care 

Patient preferences influence decisions on acceptance of treatment options and 

commitment to a treatment regimen (18, 7, 74). Evidence suggests few people 
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‘blindly’ follow the dialysis prescriptions of their doctors. Rather patients determine 

ways to integrate the burden of therapy (medications or treatment regimen) with the 

demands of work, family, cultural and community responsibilities (75, 76). In general, 

and regardless of ethnicity, patients would prefer to live and have treatment close to 

family and support networks (77, 78).  

In the NT, which is bounded by three other jurisdictions, treatment access is further 

complicated by cross-border issues, particularly in Central Australia. From a 

patient/community perspective, the arbitrary borders hold little importance 

compared to connections based on family, country and cultural relationships. 

Patients struggle to comprehend the constraints of State/Territory dialysis service 

providers which require patients to travel thousands of kilometres away from their 

community, and often even further from the nearest treatment facility, in order to 

have treatment within their relevant jurisdiction (30, 63). 

When treatment options do not accord with a patient’s preference and impose a 

significant burden on quality of life, treatment adherence can be adversely affected 

which in turn leads to poorer health outcomes (79, 80). Dialysis treatment 

necessitates pervasive life changes: to diet, to where people live, to their ability to 

maintain a job and look after their family. Dialysis patients experience a loss of 

control that impacts on every aspect of their life (81, 82). These compounding and 

escalating stressors significantly and sometimes catastrophically, impede an 

individual’s ability to engage with their own care (78). 
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It is not surprising then, that treatment attendance for relocated Aboriginal people in 

town competes with more pressing and higher priorities in their communities. The 

less than consistent adherence to the dialysis prescription is often interpreted as 

non-compliance by many clinicians. This suggests both a failure to recognise the 

impact of dislocation and the relative importance of patient preference for location 

in a patient’s approach to treatment (83).  

Additionally, the limited availability of services in areas of high demand ensured 

these models were reserved for clinically stable patients with good dialysis 

attendance. Thus, from the service provider perspective, good dialysis attendance 

and other health service use (such as hospital admissions and emergency department 

presentations) determined eligibility for the DxMoC.  

However, ‘place’ is not just a geographic location. ‘Place’ is also about how one feels 

about a location, such as safety, cultural appropriateness and connectedness. While 

there is emphasis on services closer to home, not all levels of care can be provided in 

all locations. Services in urban areas will always be required for Aboriginal people 

from remote areas. Place, therefore is also about the cultural acceptability of a 

service. 

We hypothesised that the DxMoC, patterns of dialysis attendance and other health 

service use were not unconnected and that there were strong associations between 

the three when patient preferences were considered. 
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Our hypothesis was that when a DxMoC did not meet a patient’s needs, poorer 

dialysis attendance and higher use of other health services would result. Therefore, 

and conversely, the model of care determines dialysis attendance and this in turn 

influences subsequent health service use (Figure 1.1). 

 

 

Figure 1.1: Relationship between model of care and health service utilisation 

 

1.7  Cost of Models of Care  

Cost studies of different renal replacement treatment (RRT) modalities are well 

described in the national and international literature (9, 84-87). Cost studies 

generally agree that the most expensive form of RRT is in-centre dialysis followed by 
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satellite dialysis, with home haemodialysis (HHD) and peritoneal dialysis (PD) the 

least expensive of the dialysis treatments (88, 89). This is largely due to lower 

requirements for infrastructure and staffing, although training and start-up costs for 

home haemodialysis can be considerable.  

Many studies compare the cost-effectiveness of one treatment modality over 

another and the cost benefits of focusing efforts to increase rates of uptake of these 

modalities. For instance, transplantation is considered the gold standard of RRT with 

significantly lower costs for the patient and health service, lower morbidity and 

subsequent hospitalisations and higher quality of life (90, 91). However, there are 

limitations to the number of transplants that can be performed. Despite the 

substantial increase in deceased donors since 2009 and a corresponding increase in 

kidney transplants (92), the availability of donor organs has not been able to keep 

pace with the growing demand for kidney transplants. Additionally, there is strong 

evidence of inequitable access for Aboriginal peoples and other minority groups to 

transplant wait lists which is not explained by patient preference or clinical 

appropriateness (93-96). More importantly there is also evidence of poorer 

outcomes for Aboriginal people receiving kidney transplants resulting in increased 

hospitalisations and health service utilisation (97). The financial and quality of life 

benefits of transplantation seen in the non-Aboriginal population have not been 

similarly reported in Aboriginal populations (98, 99).  
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PD and HHD, low cost therapies which require minimal infrastructure, are attractive 

to service funders with many services considering the feasibility of implementing a 

‘home therapies first’ policy (100, 101). However, in Australia, the final decision on 

modality is still made by the patient and family. Efforts to increase the proportion of 

people undertaking self-care therapies have had variable success, evidenced by the 

low rates of home therapies in Australia (5). Further, and as already noted, high rates 

of infection and lower uptake of home therapies in Aboriginal populations are well 

documented (102-106). 

Cost implications of modality 

However, understanding the cost implications of each modality is not 

straightforward. The heterogeneous results of national and international cost studies 

limit their use in the local context. Calculations of costs are influenced by the local 

currency, environment and available workforce and infrastructure (107). Cross 

country comparisons are difficult to make and are often challenged by inconsistency 

in data collection, inclusion/exclusion criteria for resources, unaccounted financial 

costs and differing funding and health system structures. Additional limitations 

include study design variations based on study objectives and the perspective (funder 

versus societal costs), insufficient methodological detail and a lack of robustness and 

transparency (108). 

Most cost studies focus on service delivery costs by individual facilities or by modality 

rather than the relative costs and cost benefits of alternatives. In a systematic review 
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of economic evaluations of dialysis treatment modalities, Just et al (109) found the 

majority of studies were cost evaluations rather than full economic evaluations of 

both costs and health outcomes.  

Moreover, little has been done in the way of understanding the costs and benefits 

associated with patient preference for different dialysis modalities, particularly for 

Aboriginal people. Several studies have attempted to understand the associations 

between modality and hospitalisations (110-113) and particularly in relation to 

different ethnic groups (111). In the local context (Australia), attempts to understand 

the cost impacts of patient preference for treatment location have generally lacked 

access to sufficient patient numbers, accurate information and financial structures 

that support rigorous data collection (14). Few studies have factored in whole of 

health utilisation costs by different locations. 

An assessment of dialysis model of care service delivery costs in the NT, inclusive of 

infrastructure, will allow for the first time, location to be considered in overall 

recurrent service delivery expenditure. A cost comparison will also consider the 

relative costs and benefits of the training and ongoing support requirements for 

people undertaking self-care therapies in remote areas. 

Cost implications of Patient preference 

Poor dialysis attendance and consequent poor health outcomes has cost implications 

for health services, patients and their families. 
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Certainly, attendance rates have a direct impact on hospitalisations and poorer 

outcomes. An increase in medical evacuations, emergency presentations and more 

frequent and longer hospitalisations associated with worsening morbidity have been 

noted with lower attendance (114-116).  

The higher costs of remote dialysis service delivery were a key concern for the 

government funder. This was accompanied by a perception that additional tertiary 

health service costs associated with remote areas (such as medical evacuations, 

emergency department presentations and increased hospital admissions) would also 

surge (117). However, this did not account for differences in dialysis attendance 

between DxMoC or possible associations between attendance rates, location of 

treatment facility and place of usual residence. These associations have not been 

described in the NT context before. We hypothesise the increase in health service 

utilisation of relocated people dialysing in urban areas, as a result of poorer dialysis 

attendance, (47, 118), is likely to result in overall health service costs far in excess of 

dialysis treatment costs alone. 

Extended absences from treatment also have a financial impact on the individual. In 

the first instance the repeated back and forth movement between treatment 

location and home community is costly for the patient and family (64, 65). Travel to 

remote communities is expensive with a 90-minute flight between Darwin and a rural 

community costing twice as much as a four-hour flight between Darwin and 

Singapore. Transport options are also limited with some communities only accessible 
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by charter flights or an eight-hour one way drive in a private vehicle. Further, 

Aboriginal Community Councils have noted the substantial impost associated with 

supporting elders and key decision makers to maintain their community connections 

while away on dialysis (119, 120). This support cannot be extended to all relocated 

community members. Accommodation options in urban areas are limited and as 

previously noted, often are not suited to the individual and extended family. This 

financial impact (of relocation and maintaining connection to community) on the 

patient, family and community has been poorly quantified to date, however, this was 

beyond the scope of this thesis.  

1.8  Value for Money of Different Models of Care 

In the context of publicly funded services and the allocation of scarce resources, a 

rigorous economic analysis is important. It is often difficult to consider the full range 

of consequences, particularly impacts beyond what is easily measurable at an 

individual patient level in economic evaluations (121). The inclusion of health 

outcomes and quality of life experienced by Aboriginal people receiving dialysis in the 

NT was intended to be an important aspect of the broader project, but the approach 

was unclear. Concerns were raised regarding the cultural appropriateness of 

commonly used tools to determine quality adjusted life years (QALYs) such as multi-

attribute utility instruments (MAUIs) (such as EQ5D, SF6D) in our cross-cultural 

context (122). The generic nature of the quality of life measures and the 
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appropriateness and validity of these instruments for measuring wellbeing and 

quality of life for Aboriginal people were a concern (123, 124).  

However, we considered the patient experience to be central to the evaluation and 

from personal experience, the stakeholder perspective was crucial to the authenticity 

of findings. It was important that we determined an acceptable approach to all 

stakeholders but particularly patients, as invariably, service planning decisions, and 

the information on which they are based, are rarely developed with or shared with 

stakeholders. Critically, patients and their families have little agency over policy 

decisions that have profound impacts on their everyday life. This is because funders 

and policy makers find it challenging to incorporate the views of patients and 

stakeholders in policy decisions (125).  

The challenge for the broader project and for this thesis, was that important sources 

of information might be excluded due to the lack of a suitable economic evaluation 

approach.  

1.9  Aim of Program of Research 

This study was a subcomponent of a larger study known as The Dialysis Models of 

Care Project (short title) a National Health and Medical Research Council (NHMRC) 

Partnership Funded Project, which aimed ‘To improve the quality and access to 

dialysis treatments by Indigenous Australians from remote areas utilizing a patient-
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centered approach to determine the cost-effectiveness of treatment models that 

include the health, social and economic impact’. 

The focus of this study and my thesis was to quantify how dialysis models of care, 

dialysis attendance and downstream health service costs are related and whether 

these associations impact on the total costs to the health service. Quantifying the 

impact of dislocation on the individual and community was beyond the scope of this 

study but the view of people with lived experience of dialysis services in the NT was 

important. Determining ways to appropriately incorporate the patient perspective 

into a cost and benefits analysis was a key output of the study. 

1.10  Research Questions 

The following research questions were posed: 

1. What role does place play in the uptake of dialysis services? 

2. How different are the costs between dialysis models when all health service 

costs are included? 

3. Which models best meet the cultural and social needs of patients, with 

comparatively good health outcomes and lower health care costs? 

The chapters in this thesis are arranged to answer those questions. 
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1.11  Thesis Chapter Descriptions and Linkage 

Chapter 1. Introduction  

The Introduction (this chapter) includes an overview of the situation in the NT and 

explores the impact of different dialysis service models. This is then placed in the 

context of service delivery in other jurisdictions and more broadly to countries with 

similar geographic and health service system challenges. An extensive literature 

review explored the available evidence relating to dialysis service delivery costs, 

variations in other health service use, health outcomes and total health service costs 

from a local, national and International perspective. For search terms see Appendices 

Table S1.1. 

 

Chapter 2. Interesting Times: Evolution of Dialysis in Australia’s Northern Territory 

(1980-2014)  

This chapter is a published paper: Gorham, G., Majoni, S., Lawton, P., Brown, S., 

Dube, B., Conlon, T., Sajiv, C., Wood, P., Signal, S., & Cass, A. (2018). Interesting 

times: evolution of dialysis in Australia's Northern Territory (1980-2014). Renal 

Society of Australasia Journal., 14(3), 108-116. 

Contributions were made by authors in the following areas: 

GG: concept, research, data curation and original draft 

AC, PL, CS, WM, SB, PW, SS, BD and TC: validation, review and edit of manuscript 
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AC: supervision 

The paper describes the history of renal service development in the NT. It outlines 

how service development and different models of dialysis care were driven by both 

community agitation and multiple capacity crises leading to adhoc service 

development. The chapter is key to understanding the context of this study and the 

importance of findings for future service development. 

 

Chapter 3. Economic and Quality of Care Evaluation of Dialysis Service Models in 

Remote Australia: Protocol for a Mixed Methods Study  

This chapter is a published paper: Gorham, G., Howard, K., Togni, S., Lawton, P., 

Hughes, J., Majoni, S. W., Brown, S., Barnes, S., & Cass, A. (2017, May 03). Economic 

and quality of care evaluation of dialysis service models in remote Australia: protocol 

for a mixed methods study. BMC Health Serv Res, 17(1), 320. 

https://doi.org/10.1186/s12913-017-2273-5  

Contributions were made by authors in the following areas: 

GG: concept, research and original draft except qualitative component 

AC, PL, KH, ST: methodologies  

AC, PL, KH, ST, WM, SB, SB: review and edit of manuscript 

AC, KH: supervision. 

https://doi.org/10.1186/s12913-017-2273-5
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This protocol paper describes the broader Dialysis Models of Care Study analysis plan 

which aimed to determine the health and financial imposts of different dialysis 

models of care on patients, families and other government services such as housing 

and education and approaches for a cost-effective analysis. Within the protocol 

paper, the planned approach to the analysis of the hospital, dialysis activity and 

financial data for this thesis is described. This thesis does not include analysis of 

activity or costs related to housing, education or support services or the collection 

and analysis of qualitative data.  

 

Chapter 4. Dialysis Attendance and Health Care Utilisation Associated with Urban, 

Rural and Remote Models of Dialysis Care  

This chapter is publication ready. Contributions were made by Kirsten Howard, Joan 

Cunningham, Paul Lawton, AM Shamir Ahmed, Federica Barzi and Alan Cass in the 

following areas: 

GG: study concept, design, data curation, formal analysis, original draft 

PL, AMSA, AC: methodology 

FB, JC, KH: statistical validation 

AC, KH and JC: design, review/edit and supervision. 

The chapter describes the data linkage of clinical and administrative data sets for the 

analysis of dialysis attendance rates, emergency department presentations, 
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overnight hospital admissions and length of stay associated with each dialysis model 

of care. Modelling examined factors that influence dialysis attendance and other 

health service use including but not limited to: age, dialysis vintage, remoteness of 

residence prior to commencing treatment and presence of select comorbidities. 

 

Chapter 5. Cost of Dialysis Therapies in Rural and Remote Australia – a Micro-

Costing Analysis 

This chapter is a published paper: Gorham, G., Howard, K., Zhao, Y., Ahmed, AMS., 

Lawton, P. D., Sajiv, C., Majoni, SW., Wood, P., Conlon, T., Signal, S., Robinson, S. L., 

Brown, S., & Cass, A. (2019, Jun 25). Cost of dialysis therapies in rural and remote 

Australia - a micro-costing analysis. BMC Nephrol, 20(1), 231. 

https://doi.org/10.1186/s12882-019-1421-z 

Contributions were made by authors in the following areas: 

GG: concept, data gathering and curation, methodology, formal analysis, original 

draft 

KH, YZ: methodology and validation 

AMSA, PL, CS, SWM, PW, TC, SS, SR, SB: validation, review and edit 

AC, KH: review, edit and supervision 

The chapter examines the service delivery costs of each dialysis model of care. It 

critically compares the different costs in urban, rural and remote locations and 

https://doi.org/10.1186/s12882-019-1421-z
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factors influencing cost outcomes. Infrastructure costs are included, and expenditure 

is presented in 2017 Australian dollars. Service delivery costs are compared with 

other national and international cost studies. 

 

Chapter 6. Do Remote Dialysis Services Really Cost More? An Economic Analysis of 

Hospital and Dialysis Modality Costs Associated with Dialysis Services in Urban, 

Rural and Remote Settings 

This chapter is publication ready and under review. Contributions were made by 

Kirsten Howard, Joan Cunningham, Paul Lawton, Federica Barzi and Alan Cass in the 

following areas: 

GG: study concept, design, data curation, methodology, formal analysis, original draft 

KH, FB: methodology 

FB, JC, KH: statistical validation 

AC, KH, PL and JC: review/edit  

AC, KH, and JC: supervision. 

This chapter brings together the costs associated with health service activity data 

(from Chapter 4) and service expenditure costs presented in Chapter 5. It compares 

observed total health service costs by dialysis model of care. Models were developed 

to identify factors that predict the most costly and least costly scenarios for each 

dialysis model of care. 
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Chapter 7. Value for Money: Incorporating Differing World Views in the Costs and 

Benefits of Dialysis Services in Urban, Rural and Remote Areas 

Contributions to this chapter were made by Kirsten Howard, Joan Cunningham, 

Samantha Togni and Alan Cass in the following areas: 

GG: study concept, design, methodology, analysis, original draft 

ST and KH: methodology  

AC, KH, ST and JC: review/edit  

AC, KH, and JC: supervision. 

This chapter describes the process, conducted in a cross-cultural environment, to 

define a suitable approach for the determination of costs and benefits for each 

dialysis model of care that would allow the incorporation of the different 

perspectives and world views of patients, clinicians and policy makers. Effective 

collaboration facilitated the co-design of a value for money framework and 

agreement by all stakeholders on six criteria of importance. The socialisation of the 

concepts across stakeholder groups with the intention of developing a bi-cultural 

representation of the framework is incomplete due to the emergence of Covid-19. 

 

Chapter 8. Conclusion 

This chapter discusses the overall findings of the work and future implications for 

policy and service development in the NT and more broadly, remote areas of 
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Australia. The challenges of attempting a broad analysis of the costs and benefits of 

dialysis service models using a mixed methods approach are discussed. This is in the 

context of the ambitious aim to synthesise qualitative, financial and qualitative data 

in a final process of sense making with stakeholders of very different world views. 

Figure 1.2 Pictorially presents the chapters, descriptions and how they are linked in 

this thesis. 



Page 31 

 

 

 

  

Figure 1.2: Thesis chapter descriptions and linkage 
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Chapter 2  Interesting Times: Evolution of Dialysis 

in Australia’s Northern Territory (1980-2014) 

2.1  Chapter Overview 

This chapter comprises a reprint of a paper published in the Renal Society of 

Australasia Journal in November 2018. The article provides a narrative of renal 

service development in the NT between 1980 and 2014, describing how the growing 

and unabated demand and the lack of clear long term policy decisions led to the 

development of community determined solutions. 

2.2  Declaration of Authorship 

Gillian Gorham undertook the research and conceptualised the framing of the paper 

with guidance and supervision from Alan Cass. Paul Lawton, Cherian Sajiv, William 

Majoni, Sarah Brown, Pamela Wood, Selina Signal, Bigani Dube and Tara Conlon 

validated descriptions of service models. All authors reviewed and approved the 

manuscript prior to publication.  
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2.3  Chapter Two Summary and Key Messages  

1. Failure of successive governments to recognise the unabated growth in 

demand for renal replacement therapy and plan accordingly increased the 

centralisation and adhoc development of urban services. 

2. Lack of support for remote services, possibly due to the fear of consequences 

of a failed remote based model and increased costs further centralised 

services. 

3. The ongoing rationing of dialysis treatments as an accepted method for 

managing demand, puts enormous pressure on front line staff and provides 

mixed messages to patients.  

 



Page 60 

Chapter 3  Economic and Quality of Care 

Evaluation of Dialysis Service Models in Remote 

Australia: Protocol for a Mixed Methods Study 

3.1  Chapter Overview  

This chapter is a reprint of an article published in BMC Health Services Research 

Journal published in May 2017. The article describes all the components of the 

broader Dialysis Models of Care study including the methodology undertaken for this 

thesis. 

3.2  Declaration of Authorship  

Gillian Gorham conceived the study with advice from Alan Cass, Kirsten Howard, Paul 

Lawton and Samantha Togni regarding specific methodologies. Gillian Gorham 

drafted the initial manuscript, except for the qualitative component which was 

drafted by Samantha Togni. All authors reviewed and approved the final manuscript. 
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3.3  Chapter Three Summary and Key Messages  

 

1. The broader Dialysis Models of Care Study aimed to evaluate the impact 

of relocation to the urban area for dialysis treatment on government 

and community services including non-health services.  

2. The components of the protocol applicable to this thesis and the 

responsibility of the author includes:  

a. Merging of various deidentified data sets from the Department 

of Health and ANZDATA. 

b. Component 2: Analysis of health service activity by renal cohort1 

and 

c. Component 4: Economic analysis including cost of service 

delivery by dialysis model of care and individual health service 

expenditure by dialysis model of care based on hospital 

discharge diagnosis codes. 

d. Developing an appropriate framework for the costs and benefits 

of different dialysis models of care that includes the patient 

perspective. 

 

See Appendices for Additional File.  
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Chapter 4  Dialysis Attendance and Health Care 

Utilisation Associated with Urban, Rural and 

Remote Models of Dialysis Care 

4.1  Chapter Overview 

This chapter comprises a publication ready manuscript. The chapter describes the 

linkage of administrative and clinical data sets and the methodology for an 

examination of associations between dialysis attendance, dialysis model of care and 

other health service use. 

4.2  Declaration of Authorship 

Gillian Gorham designed the study, with assistance from Paul Lawton and Alan Cass.  

Gillian Gorham undertook the data curation and formal analysis with statistical 

advice and support from Shamsir Ahmed, Paul Lawton and Federica Barzi. Joan 

Cunningham, Kirsten Howard and Federica Barzi assisted with validation. Gillian 

Gorham drafted the initial manuscript and received guidance from Kirsten Howard 

and Joan Cunningham on the structure and additional analysis. All authors critically 

reviewed the manuscript and approved the final version of the manuscript.  
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4.3  Abstract 

Background 

Aboriginal people in the Northern Territory (NT) suffer the highest burden of kidney 

disease in Australia with most residing in remote areas at time of dialysis 

commencement. There is a geographical mismatch between treatment demand and 

service provision in the NT with dialysis services centralised in urban areas. As a 

result, many Aboriginal people are compelled to relocate often permanently, to 

access treatment. Relocation has significant health, psychosocial and economic 

impacts. 

Aim 

To explore the relationship between dialysis attendance, downstream health service 

use (overnight hospital admissions, emergency department presentations), and 

receiving a dialysis model of care (DxMoC) in urban, rural or remote locations. 

Methods 

Using linked clinical and administrative datasets we analysed all health service 

activity for 1003 patients between 2008-2014. Multivariate linear regression and 

negative binomial regression analyses explored the associations between DxMoC, 

dialysis attendance, downstream health service use and other factors such as age, 
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dialysis vintage, remoteness of residence prior to dialysis start and select 

comorbidities. 

Results 

DxMoC was strongly associated with dialysis attendance which in turn was associated 

with downstream health service use. When adjusted for age, time on dialysis, region, 

comorbidities and residence pre-treatment, rural and remote DxMoC were 

associated with higher yearly dialysis attendance and lower hospital admissions 

compared to urban DxMoC. The risk ratio (IRR) of a hospital admission for an 

Aboriginal person dialysing in a remote model (DxMoC3) was 0.25 (P<0.001) when 

compared to the reference incentre model (DxMoC0). 

Conclusion 

Aboriginal patients from remote areas have long argued for services closer to home. 

This study shows that Aboriginal people from remote areas, dialysing in remote 

areas, do not have higher hospital admissions and ED presentations, but do have 

higher rates of dialysis attendance when compared to relocated Aboriginal people 

dialysing in urban and incentre facilities. We suggest that policy decisions that do not 

consider the full range of intended and unintended consequences, including 

downstream health service utilisation, of various service models, are potentially 

flawed. 

  



Page 72 

4.4  Introduction  

The burden of chronic kidney disease is disproportionately high in socioeconomically 

disadvantaged populations (1-3). Australia’s Northern Territory (NT) has the highest 

rates of kidney disease, with Aboriginal people who live in remote areas requiring 

treatment for end stage kidney disease (ESKD) at more than 10 times national rates 

(4).  

The uptake of home therapies (self-care haemodialysis and peritoneal dialysis) is low 

across Australia (less than 10% of all people requiring treatment) and in the NT, few 

Aboriginal people receive a transplant. Thus most people with ESKD in the NT receive 

dialysis care in a staffed facility (5). Until recently there was little opportunity for 

people to receive care at home or close to home with few staffed dialysis services 

available in rural and remote areas (6). With the heavy burden of kidney disease in 

remote areas and renal and dialysis services centralised in the urban areas in the NT, 

most Aboriginal people with ESKD must relocate for treatment, often permanently. 

Existing research indicates that a model of dialysis care that requires a person to 

permanently relocate away from their usual residence and support networks has 

significant consequences for the individual and their community (7-12). However, 

little is understood about how the acceptability of a dialysis model of care influences 

dialysis attendance (13) or how this may impact on other health service utilisation 

(14, 15). Consistently lower rates of dialysis attendance are thought to be associated 



Page 73 

with higher hospitalisations (13) but the minimum number of treatments required to 

maintain optimal health and avoid hospitalisations, is unknown. 

4.5  Objective 

We aimed to examine the relationship between the type and location of a dialysis 

model of care and broader health service utilisation defined as dialysis treatments, 

hospital admissions, days in hospital and emergency department presentations. Of 

particular interest were comparative patterns of health service utilisation for 

relocated patients receiving care in urban, rural and remote locations. 

4.6  Setting  

The NT is a large land mass of over 1.3million square kilometres covering most of 

central and northern Australia. It has a small and sparsely dispersed population of 

fewer than 250,000 people (16). Most people live in the two main urban centres of 

Darwin and Alice Springs; but the majority (70%) of Aboriginal people, who make up 

approximately 30% of the population, live in remote and very remote communities. 

Renal services are configured on a hub and spoke model with a hub based in the 

tertiary hospitals in Darwin and Alice Springs, 2000km apart. The hubs oversee care 

delivered in urban, regional and remote satellite centres, notionally described as 

spokes. At the time of this study, most staffed dialysis services were centralised in 

the urban areas with only limited dialysis services available in remote locations, 

despite significant demand in these areas. Renal patients relocate from more than 50 
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remote communities, including across jurisdictional boundaries, in order to access 

services (Figure 4.1).  

 

For the purposes of this study, we categorised dialysis services by location and 

support type and allocated services to a model of care (DxMoC). Table 4.1 describes 

the characteristics of the DxMoC depicted in Figure 4.1. Transplantation is not a 

dialysis model of care and was not included in the study.  

Most relocated patients (defined as having to change residence indefinitely in order 

to access services) are placed on government housing priority lists once in the urban 

area. Hostel accommodation is usually available in the interim if not staying with 

family, although many patients never leave hostel accommodation due to the very 

Figure 4.1: Residential location of renal patients and location of NT dialysis services in 

2014 
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long housing wait list. Transport to and from facilities for haemodialysis treatments 

are included in the services provided by all models except self-care HD (DxMoC5).  

The multi-user facilities in remote areas for self-care HD are usually within walking 

distance of the patient’s home. 
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Table 4.1: Dialysis services in the NT characterised as Models of Care 
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4.7  Methods  

Overall study design 

We conducted a retrospective analysis using linked clinical and administrative data 

sets to examine health service utilisation (dialysis attendance rates, hospital 

admissions, days in hospital and emergency department presentations) stratified by 

service type and location of patients receiving dialysis in the NT between 2008 to 

2014. Ethics approval for the study was granted by the Joint Department of Health 

and Menzies School of Health Research Committee (HREC 2015-2334) and the 

Central Australian Health Research Ethics Committee (HREC 15-283). Individual 

patient consent was waived by both approving Ethics Committees. 

Study cohort definition 

The full database population was derived from the NT Department of Health’s (DoH) 

Admitted Patient Care (APC) (hospital) dataset combined with the Australia and New 

Zealand Dialysis Transplant Registry (ANZDATA) dataset. 

The APC hospital dataset contains individual episodes of patient care for the five 

parent hospitals and all satellite services in the NT, from the beginning of consistent 

electronic record keeping (1991). ANZDATA is the data repository for people 

receiving maintenance renal replacement treatment (RRT) in Australia and New 

Zealand and contains patient level administrative and clinical data, based on an 

annual census from participating renal units.  
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The combined full database population included: 1) any individual from the APC 

dataset with an ICD-10 diagnosis or procedure code for dialysis or transplantation 

(Appendices Table S4.1) between the years 2000 and 2015 (n= 2844); and 2) any 

individual from the ANZDATA dataset who registered as ever having RRT in the NT 

between 2000 and 2015 (n=1390). Validation studies for the use of ICD-10 coding to 

identify kidney disease have indicated poor congruence between diagnosable 

conditions and documentation. These studies have largely focused on acute kidney 

injury or chronic kidney disease (17, 18). The identification of patients receiving 

peritoneal dialysis or transplantation is likely to be of similar quality and therefore 

linkage with the ANZDATA set was crucial. Whereas coding to identify same day 

haemodialysis is more robust as it is the primary reason for admission and required 

for activity-based funding. Local validation studies improved the data collection of 

this coding (19). After linking, the population consisted of 2844 individuals; these 

were then linked with activity data from a) interstate patient travel information 

(n=171); and b) dialysis data from individuals receiving self-care haemodialysis 

(DxMoC5) and care in the remote community-controlled service (DxMoC4) (n=189) 

known to be inconsistently captured in the hospital data set.  

After excluding ineligible patients, (those less than 16 years at January 2008, with a 

transplant, acute treatments and interstate visitors) the final study population 

consisted of n=1003 maintenance dialysis patients (dialysis for more than three 

months continuously) between the years 2008 to 2014 (Figure 4.2). This date range 

was chosen as some models of care only became fully established after 2008 and the 
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additional activity data (for DxMoC4 and DxMoC5) was provided to the end of 2014. 

Additional detail on data sources and linkage is provided in the Appendices: Chapter 

4 Supplementary Methods and Results. 

 

 

Figure 4.2: Patient selection flow chart 2008-2014 

 

Data management 

A small number of admissions for five (5) patients were incorrectly linked and were 

excluded. Duplicate attendances (primarily from the overlap of dialysis attendance in 

the hospital data set and the additional data set for DxMoC4/5) were removed. Same 
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day attendance at both dialysis and the Emergency Department which did not result 

in an overnight admission (n=3758) were flagged as these records represented 

additional quantifiable resource use. Remoteness of residence was identified from 

admission episodes that occurred in the 24 months prior to commencement of RRT, 

taking the earliest admission address as the residence pre RRT start. Patients were 

categorized as ‘Relocated’ when they lived outside the urban areas of Darwin and 

Alice Springs prior to commencement of RRT but had an urban residence after 

commencement of RRT. Our process may have underestimated the proportion of 

people relocating for treatment as many remote residing people move closer to 

specialist care as their health needs increase (20). Residences were mapped to the 

Modified Monash Model (MMM) which categorises areas according to remoteness 

(21). Activity was separated by region, Top End (TE) and Central Australia (CA), to 

align with health service responsibility in the NT.  

Each admission was aligned with a RRT treatment option of haemodialysis (HD), 

peritoneal dialysis (PD) or transplant based on diagnosis or procedure codes 

(Appendices Table S4.2). The dialysis model of care was determined through a 

combination of admission ward, treatment option and ANZDATA treatment coding to 

determine the ‘best fit’. Individuals can move frequently between both facilities and 

modalities for a variety of reasons, related and unrelated to their clinical care (eg 

capacity issues). Additionally, for the study period, the remote community-controlled 

DxMoC4 operated primarily as a staffed reverse respite model, enabling individuals 
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originally from remote areas to have short periods (2-6 weeks) of dialysis in their own 

community.  

Comorbid conditions (diabetes, cardiac disease, hypertension, vascular disease, 

cerebrovascular disease and obesity) were flagged for each admission and for each 

condition based on the presence of relevant ICD 10 codes (Appendices Table S4.3). 

Once present, a condition was carried forward to subsequent episodes.  

The intent of our study was to explore the relationship between DxMoC and 

subsequent health care use. Therefore, the dominant DxMoC for each patient was 

determined for each week, based on majority DxMoC attendance in the current and 

preceding two-week period, rolling forward a week at a time. The process, while 

eliminating extremely frequent movements between models, still enabled the respite 

model (DxMoC4) of 2-3 weeks to be captured in the data.  

In the NT, maintenance dialysis is generally prescribed at a rate of three times each 

week or 156 sessions/year. Time (weeks) spent in a DxMoC per year was calculated 

as the exposure time specific to a model of care. Exposure time was censored at 

death or permanent loss to follow-up, defined as absence of expected dialysis activity 

without re-appearance before study end. Definition of outcome and exposure 

variables are available Appendices Table S4.4. 

Dialysis attendance rates were based on the number of attendances expected while 

in a model of care (exposure time in weeks), excluding time as an inpatient, time as a 

transplant patient and time interstate, identified from the patient travel data. Total 
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attendances (based on 3 x week or a proportion of) were then divided by the 

exposure time for that DxMoC and multiplied by fifty-two (52 weeks) to calculate an 

attendance rate per year for each DxMoC. Haemodialysis patients were categorized 

as intermittent loss to follow up (iLTFU) if there was a gap of 12 months or more in 

the dataset with no haemodialysis attendance or hospital admission episodes, 

followed by a subsequent attendance. iLTFU was applied from the time of their 

previous presentation to their next presentation at least 12 months later. This was to 

cater for people who had extended periods interstate for medical care or were 

returning to dialysis after a failed transplant. Only a small number of patients (n=9) 

were categorised as iLTFU (totaling 751 weeks) and these iLTFU periods were not 

included in the DxMoC exposure calculation.  

Dialysis attendance was categorised using three levels: 

• ‘High” (greater than or equal to 144 treatments a year, ie missing 

one or fewer/month) 

• ‘Medium’ (between 132 and 143 treatments, ie missing between one 

and two/month) and  

• ‘Low’ (less than or equal to 131 treatments a year, ie missing more 

than two/month).  

Hospital admissions, Emergency Department (ED) presentations and days in hospital 

were summed by year and by model to provide respective utilisation estimates per 

person per DxMoC.  
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Statistical analysis  

All analyses were conducted using Stata15.1© (StataCorp., College Station; Texas 

USA). Simple linear regression analyses examined the relationship between annual 

dialysis attendance and gender, relocation, region, remoteness of residence pre RRT 

start, age at admission, time on dialysis and DxMoC. Using both forward variable 

selection and backward variable elimination multivariate linear regression analyses, 

we tested the variables tolerance for inclusion or exclusion in the model based on the 

R squared and confidence intervals. Relocation and remoteness of residence pre RRT 

start were not independent variables. Once the data set was limited to Aboriginal 

participants, relocation was no longer significant although the degrees of remoteness 

were. 

Sensitivity analysis included a range of interaction terms between DxMoC and other 

variables such as remoteness pre RRT start, region, time on dialysis, admission age as 

well as comorbidities of diabetes, cardiac disease, vascular disease, hypertension, 

cerebrovascular disease and obesity. These interaction terms were chosen based on 

policy relevance and clinical knowledge. 

Negative binomial regression was used to model the outcome variables of hospital 

admission rate and ED presentation rate with all exposure variables already 

mentioned, as well as dialysis attendance as an exposure variable. Zero inflated 

poisson regression was used to model days in hospital, due to the frequency of zero 

counts. 
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4.8  Results 

Study population 

One thousand and three (1003) individuals met the study population inclusion 

criteria. Most of the study population identified as Aboriginal (89%) of whom 82% 

were flagged as having relocated to start treatment. The median study observation 

time was similar across gender and ethnicity (3.2 years IQR:1.5-5.7) as was mean age 

at RRT start (48 years SD:11.9). A greater proportion of Aboriginal patients were 

identified with diabetes and cardiac disease in comparison to non-Aboriginal patients 

(Table 4.2). 

 

Table 4.2: Patient characteristics at study entry of RRT patients in the NT, 2008-2014 

 

 

Characteristics

Full study 

cohort

n=1003 Female Male Female Male

Gender (female) n (%) 569 (57%) 528 (59%) 368 (41%) 41 (39%) 66 (61%)

Mean age at RRT* start (SD) 48 (11.9) 48 (11.5) 47 (11.0) 45 (15.3) 52 (16.3)

Relocation

Relocated n (%) 745 (74%) 431 (82%) 304 (83%) 4 (10%)  6 (10%) 

Residence pre RRT (very remote) 705 (70%) 409 (77%) 288 (78%) 3 (7%) 5 (8%)

Median time on RRT

At study start (IQR) (n=413) 2.7(1.2-6.1) 2.5(1.2-5.5) 3.0(1.2-6.6) 9.6(1.3-10.5) 4.2(0.5-10.1)

Study period (IQR) (n=1003) 3.2(1.5-5.7) 3.3(1.4-5.9) 3.2(1.5-5.6) 3.2(1.7-5.6) 3.1(1.5-4.9)

Comorbid conditions  

Diabetes 774 (77%) 441 (84%) 290 (79%) 20 (49%) 23 (35%)

Cardiac 489 (49%) 259 (49%) 192 (52%) 15 (37%) 23 (35%)

Hypertension 917 (91%) 489 (93%) 341 (93%) 35 (85%) 52 (79%)

Cerebrovascular 51 (5%) 25 (5%) 21 (6%) 0 5 ( 8%)

Vascular 344 (34%) 186 (35%) 123 (33%) 10 ( 24%) 25 (38%)

Obesity 117 (12%) 59 (11%) 50 (14%) 4 (10%) 4 (6%)

*RRT: renal replacement therapy

Aboriginal 

n=896 (89%)

Non-Aboriginal 

n=107 (11%)
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Uptake of Dialysis Models of Care 

For each of the seven DxMoC included in this study, the majority of episodes of care 

were for Aboriginal patients (Table 4.3). For three DxMoC (rural and remote models), 

non-Aboriginal patients were either completely absent (DxMoC3 and 4) or rare 

(DxMoc2). Therefore, the analysis reported here is limited to Aboriginal patients. 

 

Table 4.3: Number and proportion of patients experiencing at least one episode in a 

DxMoC by Aboriginal status, 2008-2014 

 

 

To assess potential differences in patient mix by DxMoC, we compared mean age and 

presence of comorbidities for each DxMoC. There was little difference across models 

for either age or comorbidities, although individuals attending Incentre models 

(DxMoC0) were generally younger than those attending other models (Appendices 

Table S4.5). The proportion of individuals with diabetes and vascular disease were 

  Aboriginal n (%) non-Aboriginal n (%) Total 

Incentre DxMoC0 920 (92%) 76 (8%) 996 

Urban DxMoC1 776 (90%) 89 (10%) 865 

Rural DxMoC2 198 (100%) 1 (0%) 199 

Remote DxMoC3 41 (100%) 0 (0%) 41 

Remote CC* DxMoC4 131 (100%) 0 (0%) 131 

Self-care HD* DxMoC5 109 (85%) 19 (15) 128 

Self-care PD* DxMoC6 117 (74%) 41 (26%) 158 

*CC: community-controlled; HD: haemodialysis; PD: peritoneal dialysis 
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also lower at Incentre DxMoC0 compared to the other models (Figure 4.3). As the 

proportion of patients with hypertension was very high (greater than 90%) and the 

proportion with cerebrovascular disease very low (less than 10%) for all models, 

those comorbidities are not presented here but are in Appendices Table S4.6. 

 

 

*CC: community controlled; HD: haemodialysis; PD: Peritoneal dialysis 

Figure 4.3: Proportion of NT Aboriginal patients with a specific comorbidity by DxMoC, 
2008-2014 

 

DxMoC and Dialysis attendance 

Unadjusted, remoteness of residence pre-RRT start, patient age (less than 50 years), 

living in Central Australia (CA) and dialysis vintage of less than three years were 

associated with lower yearly dialysis attendance (based on 156 prescribed 

treatments per year). There were small but significant differences in attendance 
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between male and females and those relocated (P<0.001), compared to not 

relocated, while care in rural and remote models (DxMoC2, 3, and 4) were associated 

with higher dialysis attendance (Appendices Table S4.7).   

When adjusted, compared to Incentre DxMoC0, all other models of care (DxMoC1 to 

5) were associated with higher yearly dialysis attendance. Attendance was also 

higher for people dialysing in the Top End (TE), older patients (40 years to above 

groups) and those on RRT for longer (two or more years) (Figure 4.4).  
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Figure 4.4: Mean annual dialysis attendances for Aboriginal patients, adjusted for 
included variables 

 

When dialysis attendance was stratified into a categorical variable, we found 

substantial variation by DxMoC, with approximately 43% of all attendances falling 
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into the ‘High’, 15% into the ‘Medium’ and 42% into the ‘Low’ attendance categories 

(Figure 4.5). 

 

 

*CC: community controlled; HD: haemodialysis 

Figure 4.5: Proportion of attendances by dialysis attendance categories and DxMoC, 

Aboriginal patients, 2008-2014 

 

DxMoC, hospital admissions and ED presentations 

Given that dialysis is a life sustaining treatment, higher health service utilisation, such 

as overnight hospital admissions and ED presentations were expected with lower 

dialysis attendance. We found variability in the number of hospital admissions by 

individuals and DxMoC. Median, mean and the spread of hospital admissions by an 

individual’s exposure time to a DxMoC are presented in Table 4.4. 
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Table 4.4: Average annual hospital admissions with median and mean admissions by 
participant exposure time to DxMoC for NT Aboriginal patients, 2008-2014 

 

*CC: community controlled; HD: haemodialysis; PD: Peritoneal dialysis 

 

We modelled separately, the outcomes of hospital admissions and ED presentations 

with a range of exposure variables using univariate and multivariate negative 

binomial regression. Unadjusted, remote residence pre RRT start, dialysis vintage of 

less than four years and the comorbidities of diabetes, cardiac disease, vascular 

disease and obesity were associated with an increased risk of a hospital admission. 

When modelled using multivariate analysis, all these associations persisted except 

that with obesity which was no longer significant in the model. The risk of 

hospitalisations were lower for those dialysing in the Top End (IRR =0.71; CI:0.66-

0.77) compared to Central Australia and for those over 40 years of age at admission 

(IRR=0.72, CI:0.55-0.71) compared to those under 40 years of age. The risk of 

hospitalisation was substantially lower for those dialysing in all DxMoC when 

compared to DxMoC0 (Table 4.5). 

Average annual 

admissions

Median annual 

patient admissions
Spread

Mean annual 

patient admissions
CI

Incentre DxMoC0 920 1 0-24 1.6 1.5-1.7

Urban DxMoC1 2,556 2 0-42 2.9 2.8-3.1

Rural DxMoC2 627 1 0-27 2.3 2.1-2.6

Remote DxMoC3 143 1 0-7 1 0.8-1.3

Remote *CC DxMoC4 274 0 0-12 0.9 0.7-1.1

Self-care *HD DxMoC5 271 1 0-8 1.1 0.9-1.2

Self-care *PD DxMoC6 328 1 0-21 1.9 1.6-2.1
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Table 4.5: Hospital admission incident rate ratios for NT Aboriginal patients, 2008-2014 

 

 

 

IRR (95% CI) P value IRR (95% CI) P Value

Gender

Male (vs Females) 1.01 (0.96-1.07) 0.631 1.01 (0.95-1.08) 0.698

Region

TE (vs CA)* 0.65 (0.62-0.69) <0.001 0.71 (0.66-0.77) <0.001

Residence pre RRT

Urban 1 1

Remote 2.1 (1.85-2.38) <0.001 1.42 (1.22-1.66) <0.001

v.Remote 1.64 (1.48-1.83) <0.001 1.37 (1.21-1.56) <0.001

Interstate 3.72(1.98-2.41) <0.001 2.12 (1.43-3.13) <0.001

Admission age

<30yrs 1 1

30-39yrs 1.35 (1.15-1.60) <0.001 1.11 (0.91-1.36) 0.287

40-49yrs 0.85 (0.73-0.99) 0.047 0.72 (0.55-0.71) <0.001

50-59yrs 0.80 (0.69-0.94) 0.005 0.65 (0.54-0.79) <0.001

60-69yrs 0.77 (0.65-0.90) <0.001 0.66 (0.54-0.80) <0.001

>70yrs 0.61 (0.49-0.75) <0.001 0.58 (0.45-0.74) <0.001

Time on dialysis

<12mths 1 1

1-2 yrs 1.25 (1.13-1.37) <0.001 0.71 (0.63-0.79) <0.001

2-3yrs 1.16 (1.05-1.28) 0.005 0.62 (0.55-0.71) <0.001

3-4yrs 1.17 (1.05-1.30) 0.003 0.65 (0.47-0.63) <0.001

4-5yrs 1.02 (0.91-1.15) 0.669 0.54 (0.47-0.63) <0.001

>5yrs 1.05 (0.97-1.13) 0.195 0.57 (0.51-0.64) <0.001

Comorbid conditions

Diabetes 1.16 (1.07-1.26 <0.001 1.23 (1.12-1.36) <0.001

Cardiac 1.32 (1.25-1.40) <0.001 1.36 (1.27-1.46) <0.001

Vascular 1.42 (1.34-1.50) <0.001 1.43 (1.33-1.54) <0.001

Obesity 1.2 (1.13-1.31) <0.001 1.03 (0.95-1.12) 0.401

DxMoC

Incentre DxMoC0 1 1

Urban DxMoC1 0.83 (0.76-0.89) <0.001 0.45 (0.40-0.49) <0.001

Rural DxMoC2 0.77 (0.70-0.86) <0.001 0.41 (0.36-0.47) <0.001

Remote DxMoC3 0.38 (0.31-0.46) <0.001 0.26 (0.20-0.33) <0.001

Remote *CC DxMoC4 0.78 (0.68-0.89) <0.001 0.27 (0.22-0.33) <0.001

Self-care *HD DxMoC5 0.41 (0.35-0.48) <0.001 0.24 (0.20-0.29) <0.001

Self-care *PD DxMoC6 0.61 (0.54-0.70) <0.001 0.37 (0.32-0.43) <0.001

*TE: Top End; CA: Central Australia; CC: community controlled; HD: haemodialysis; PD: Peritoneal dialysis

Negative binomial regression 

adjusted for included variables

Hospital Admission Incidence Rate Ratio (IRR)

Univariate Multivariate
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When examining ED presentations, the unadjusted analysis showed an increased risk 

associated with male gender (IRR=1.18, CI:1.05-1.32) compared to female, 

remoteness of residence pre RRT start, time on dialysis greater than 12 months, and 

the comorbidities of diabetes, vascular disease, cardiac disease and obesity (Table 6). 

However, on multivariate analysis, dialysis vintage was not significant and once 

removed from the model, the only comorbidity that remained significant was cardiac 

disease with an IRR=1.44; CI: 1.27-1.62. Remoteness of residence pre RRT start was 

associated with a substantial increased risk for ED presentation, while the risk was 

substantially lower for rural and remote models (DxMoC2-6). We interpreted this as 

relocated people receiving care in the urban area had a higher risk of an ED 

presentation compared to people who were able to return to their communities and 

receive care at or closer to home in DxMoC2-6 (Table 4.6).  
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Table 4.6: ED presentation incident ratios for NT Aboriginal patients, 2008-2014 

 

 

IRR (95% CI) P value IRR (95% CI) P Value

Gender

Male (vs Females) 1.18 (1.05-1.32) 0.003 1.17 (1.04-1.32) 0.009

Region

TE (vs CA)* 0.25 (0.22-0.28) <0.001 0.32 (0.28-0.37) <0.001

Residence pre RRT

Urban 1 1

Remote 6.67 (5.07-8.79) <0.001 2.53 (1.79-3.56) <0.001

v.Remote 4.13 (3.25-5.26) <0.001 2.43 (1.79-3.29) <0.001

Interstate 15.32 (7.87-29.85) <0.001 3.96 (2.04-7.68) <0.001

Admission age

<30yrs 1 1

30-39yrs 1.97 (1.44-2.70) <0.001 1.39 (0.99-1.94) 0.056

40-49yrs 0.80 (0.60-1.08) 0.144 0.65 (0.47-0.89) 0.007

50-59yrs 0.64 (0.48-0.85) 0.002 0.53 (0.39-0.72) <0.001

60-69yrs 0.70 (0.52-0.95) 0.022 0.57 (0.41-0.79) <0.001

>70yrs 0.39 (0.26-0.59) <0.001 0.28 (0.18-0.44) <0.001

Time on dialysis

<12mths 1 1

1-2 yrs 2.04 (1.69-2.46) <0.001

2-3yrs 1.90 (1.56-2.34) <0.001

3-4yrs 1.79 (1.45-2.21) <0.001

4-5yrs 1.86 (1.48-2.32) <0.001

>5yrs 1.60 (1.37-1.87) <0.001

Comorbid conditions

Diabetes 0.97 (0.83-1.12) <0.001

Cardiac 1.35 (1.20-1.51) <0.001 1.44 (1.27-1.62) <0.001

Vascular 1.37 (1.22-1.53) <0.001

Obesity 1.87 (1.62-2.15) <0.001

DxMoC

Incentre DxMoC0 1 1

Urban DxMoC1  1.00 (0.87-1.15) 0.975 0.69 (0.58-0.83) <0.001

Rural DxMoC2 0.44 (0.36-0.54) <0.001 0.22 (0.17-0.29) <0.001

Remote DxMoC3 0.09 (0.06-0.17) <0.001 0.08 (0.03-0.18) <0.001

Remote *CC DxMoC4 1.08 (0.84-1.39) 0.552 0.39 (0.28-0.55) <0.001

Self-care *HD DxMoC5 0.27 (0.20-0.37) <0.001 0.22 (0.15-0.32) <0.001

Self-care *PD DxMoC6 0.29 (0.22-0.39) <0.001 0.20 (0.14-0.27) <0.001

*TE: Top End; CA: Central Australia; CC: community controlled; HD: haemodialysis; PD: Peritoneal dialysis

Univariate Multivariate

Negative binomial regression

adjusted for included variables 

ED Presentations  Incidence Rate Ratio (IRR)
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Days in hospital 

The crude annual median days in hospital were lower for most models when 

compared to Incentre DxMoC0 (21 days, IQR 9-47). Self-care PD DxMoC6, while still 

lower than Incentre DxMoC0, had the highest median length of stay (19 days, IQR 3-

43) of all the other models (Figure 4.6).  

 

 

Figure 4.6: Annual median days in hospital by DxMoC for NT Aboriginal patients, 2008-

2014 

 

Days in hospital was analysed using zero inflated poisson regression due to the high 

frequency of zeros i.e. individuals with no admissions. Most exposure variables 

tested individually were statistically significant. The mean annual days were higher 
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for those with a comorbidity of diabetes, cardiac disease, vascular disease and 

obesity compared to those without the respective comorbidity, while dialysing in 

remote and self-care HD models (DxMoC3 to 5) was associated with lower mean 

annual days in hospital compared to Incentre DxMoC0. When modelled together the 

associations persisted although the difference in days in hospital for those with and 

without obesity were fewer. DxMoC6 had relatively high mean annual days in 

hospital at 24.1 (CI:22.9-25.4) compared to DxMoC0 of 18.3 (CI:17.5-19.0) days in 

hospital (Table 4.7).  
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Table 4.7: Mean annual days in hospital for NT Aboriginal patients 2008-2014 

 

Mean (95% CI) P value Mean (95% CI) P Value

Gender Female 17.7 (17.2-18.1) 17.6 (17.2-17.9)

Male 16.2 (15.7-16.6) <0.001 16.3 (15.9-16.7) <0.001

Region Central Australia 18.2 (17.8-18.6) 18.2 (17.7-18.5)

Top End 15.9 (15.5-16.3) <0.001 16.0 (15.6-16.4) <0.001

Residence pre RRT  Urban 13.9 (13.0-14.7) 15.5 (13.8-17.3) <0.001

remote 17.1 (16.4-17.9) <0.001 15.3 (14.4-16.3) <0.001

very remote 17.7 (17.3-18.0) <0.001 17.7 (17.2-18.1) <0.001

interstate 16.1 (12.2-20.0) 0.567 18.6 (14.2-22.9) 0.197

Admission age <30 years 13.6 (12.2-14.9) 17.5 (16.2-18.9)

30-39 16.6 (15.8-17.5) <0.001 18.1 (17.3-18.9) 0.582

40-49 14.9 (14.4-15.4) 0.005 15.6 (15.1-16.1) 0.001

50-59 17.3 (16.7-17.8) <0.001 16.6 (16.1-17.1) 0.164

60-69 20.1 (19.3-21.0) <0.001 18.5 (17.8-19.2) <0.001

>70 17.9 (16.4-19.4) <0.001 18.2 (16.8-19.5) 0.004

Time on dialysis  <12mths 13.8 (13.3-14.3 16.2 (15.9-17.1)

1-2 yrs 16.7 (16.0-17.5) <0.001 18.3 (17.6-19.1) <0.001

2-3yrs 15.8 (14.9-16.7) <0.001 16.4 (15.6-17.2) <0.001

3-4yrs 18.5 (17.4-19.7) <0.001 18.8 (17.8-19.8) <0.001

4-5yrs 15.4 (14.3-16.4) <0.001 14.5 (13.6-15.5) <0.001

>5yrs 19.4 (18.8-20.0) <0.001 16.9 (16.4-17.4) <0.001

Comorbid conditions Diabetes (no) 11.2 (10.6-11.7) 12.0 (11.4-12.6)

Yes 18.4 (18.0-18.6) <0.001 18.1 (17.8-18.5) <0.001

Cardiac (no) 12.7 (12.3-13.1) 14.3 (13.8-14.7)

Yes 19.8 (19.4-20.2) <0.001 18.5 (18.1-18.9) <0.001

Vascular (no) 10.6 (10.3-11.0) 11.2 (10.8-11.6)

Yes 22.1 (21.6-22.5) <0.001 21.2 (20.8-21.7) <0.001

Obesity (no) 16.3 (16.0-16.6) 16.8 (16.5-17.1)

Yes 21.0 (20.1-21.9) <0.001 18.2 (17.4-19.0) <0.001

DxMoC Incentre MoC0 16 (15.3-16.6) 18.3 (17.5-19.0)

Urban MoC1 18.3 (17.9-18.8) <0.001 17.6 (17.2-18.1) <0.007

Rural MoC2 17.3 (16.4-18.3) <0.001 16.0 (15.1-16.9) <0.001

Remote MoC3 13.6 (11.5-15.7) <0.001 14.6 (12.8-16.5) <0.001

RemoteCC MoC4 5.9 (5.0-6.8) <0.001 5.2 (4.3 -6.0) <0.001

SC HD MoC5 11.1 (9.9-12.4) <0.001 12.1 (10.9-13.3) <0.001

SC PD MoC6 22.5 (21.1-23.8) <0.001 24.1 (22.9-25.4) <0.001

Zero inflated poisson regression

adjusted for included variables

Days in hospital  

Univariate Mutivariate
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4.9  Discussion 

Our analysis of linked hospital clinical and administrative data found a clear 

relationship between DxMoC and dialysis attendance and in turn these were both 

strongly associated with health service utilisation, particularly hospital admissions 

and ED presentations.  

Relocation and remoteness of residence pre RRT start, as well as younger age were 

associated with lower dialysis attendance, a finding that is not uncommon in 

Northern Australia (22, 23). Rural, remote and self-care haemodialysis models were 

associated with higher dialysis attendance and lower hospital admissions and ED 

presentations. Nevertheless the proportion of patients who miss one or more dialysis 

attendance a month is relatively high at 42% or greater (13, 22) compared to the 

United States (US) where 7.9% (in the Dialysis Outcomes and Practice Patterns Study) 

was considered high (15). 

Renal patients experience high rates of hospitalisation and ED presentation, 

commonly arising from complications associated with cardiac disease and sepsis (24, 

25). However, the relationship between missed dialysis treatments and 

hospitalisation rates has not been extensively explored. In one US study, missed and 

shortened treatments for a very small proportion of the study population (2.4%) 

were associated with progressively more hospitalisations although the relative risks 

(RR) were not provided (15). A comparable Australian study described a significant 

and consistent increase in hospitalisations associated with missing one treatment a 



Page 98 

week (i.e. four a month) with an IRR=1.90 in the first year (13). We used sensitivity 

analysis to refine the range of missed dialysis attendance categories to those that 

clearly demonstrated a health service impact, and found there was little difference in 

the rate of hospitalisations or ED presentations associated with missing two, three or 

four treatments a month (data not shown). Our analysis found that missing two or 

more treatments a month was associated with a two-fold increase in the risk of 

hospital admission and more than three-fold increase in the risk of an ED 

presentation.  

While rural and remote services are usually reserved for clinically stable patients, 

there was no evidence that patients attending these models were younger or less 

frail (based on comorbidities) compared to other models. Conversely, the higher rate 

of hospitalisations and ED presentations for patients attending Incentre DxMoC0 and 

to some extent Urban DxMoC1, cannot be accounted for by age or comorbidities. 

The characteristics of patients attending these models, compared to those attending 

rural and remote models of care, were not significantly different.  

Besides DxMoC, ‘region’ was also a strong predictor of health service utilisation. 

Central Australian patients, for example, were 30% more likely to be admitted 

overnight and had a 70% higher risk of an ED presentation compared to patients in 

the Top End. These differences persisted after adjusting for age, time on dialysis, 

comorbidities and DxMoC. However, there was little difference in length of 

hospitalisation between the regions. 
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Patients being treated with self-care haemodialysis (DxMoC5) had lower dialysis 

attendance patterns on average in the later years but not increased health service 

utilisation. Although we made additional efforts to capture missing data, we believe 

the lower dialysis attendance for this group was a data collection issue. 

To date, evidence on how models of care influence the quality of care and outcomes 

for attending patients has been equivocal. Some evidence suggests that hospital 

presentations, along with an increased risk of morbidity and mortality, is associated 

with specific models of care, particularly remote based facilities where there is low 

access to nephrologists and significant distance to a tertiary service (26, 27). 

However, in many regions/jurisdictions, movement between satellite units and 

hospitals is common, with an increased risk of hospitalisation associated with certain 

satellite facilities, not necessarily those remote based (28). There is an argument that 

for remote residing individuals, treatment within community improves outcomes (7, 

29). 

Our study found there was a reduced risk of health service utilisation associated with 

dialysing in more rural and remote locations. Patients argue that these models, 

providing care closer to home, are more supportive of the health and wellbeing of 

individuals which in turn facilitates more active engagement with treatment (12, 30-

33) and this results in lower health service utilisation. 
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Limitations 

We acknowledge the limitations of observational administrative and clinical data, 

which may often be incomplete and incorrectly coded. We therefore took extra steps 

to clean, standardise and validate the treatment of the data with advice from 

clinicians and policy makers. Valid duplicate attendances on the same day were 

difficult to differentiate from administrative errors and were deemed a duplicate if 

they were coded with the same AR-DRG. We recognise that self-selection and 

clinician preference for a particular DxMoC could influence outcomes and specifically 

examined the data for such relationships, for instance age or comorbidity with 

DxMoC, but found few differences.  

There were some complexities associated with sequencing of DxMoC and subsequent 

health service use. On discharge, patients from rural and remote services (DxMoC2 to 

DxMoC5) often receive care in an urban model (DxMoC0/1) for a period of 

stabilisation in case re-admission is required (34).  We believe our method for 

calculating the dominant DxMoC, determined through careful deliberation, 

addressed the complexities associated with this type of movement between models. 

This process of dissecting an individual’s treatment journey so that patterns of 

healthcare utilisation are directly related to the relevant model of care, is a novel 

approach and a strength of our analysis. It increases the understanding of the 

relationships between health outcomes and how care is delivered. 
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4.10  Conclusion 

There is a long-standing gap in knowledge concerning the provision and uptake of 

dialysis services in urban, rural and remote areas and subsequent broader health 

service utilisation. In the NT, Aboriginal people from remote areas have a very high 

burden of disease requiring ESKD treatment. The situation necessitates a re-

examining of service provision and ways to deliver accessible, high-quality services 

that meet patients’ health, social and cultural needs. 

This study shows that Aboriginal people from remote areas, dialysing in remote areas 

do not have higher health service utilisation related to hospital admissions and ED 

presentations, but do have higher rates of dialysis attendance when compared to 

relocated Aboriginal people dialysing in urban and incentre facilities. 

More broadly, this analysis illustrates the impact of policy decisions on health service 

utilisation. Decisions to limit the variety of models of dialysis care available to 

patients may be understandable, given constraints related to volume/demand, 

infrastructure and costs of service provision, particularly in remote areas. However, 

our analysis suggests that policy decisions that do not consider the full range of 

intended and unintended consequences, including downstream health service 

utilisation, of various service models, are potentially flawed and may lead to 

suboptimal decisions about allocation of scarce resources.  

  



Page 102 

4.11  Chapter 4 Summary and Key Messages 

1. There is a clear relationship between dialysis attendance, other health service 

use and dialysis model of care. 

2. Relocated Aboriginal patients have lower dialysis attendance and higher other 

health service use when receiving care in the urban area, although the inverse 

is true when receiving care in remote areas. 

3. Adopting an overly narrow perspective in the consideration of intended and 

unintended consequences of dialysis treatment models, is likely to have cost 

and health implications and may lead to suboptimal decisions in the 

distribution of scarce resources.  

 

 

Supplementary Methods and Results can be found in Appendices. 
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Chapter 5  Cost of Dialysis Therapies in Rural and 

Remote Australia – a Micro-Costing Analysis 

5.1  Chapter Overview 

This chapter is a reprint of an article published in BMC Nephrology June 2019. The 

chapter focusses on the analysis of dialysis services costs in the NT based on hospital 

expenditure reports (including infrastructure costs) in different locations. Costs are 

presented in $AUS2017. 

5.2  Declaration of Authorship  

Gillian Gorham designed the study, gathered and curated all data and undertook the 

analysis with supervision from Alan Cass and Kirsten Howard. Kirsten Howard 

provided additional guidance regarding analytical approaches. Yuejen Zhao. Paul 

Lawton and Shamir Ahmed validated methodology. Cherian Sajiv, William Majoni, 

Sarah Brown, Sarah Robinson, Pamela Wood, Tara Conlon and Selina Signal validated 

outputs. Gillian Gorham drafted the manuscript; all authors reviewed and approved 

the final manuscript prior to publication. 
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5.3  Chapter Five Summary and Key Messages  

1. Overall costs are sensitive to volume and changes to staffing models – as 

nursing staff make up the largest proportion of costs for each model of care 

except the self-care therapies. 

2. Services in remote areas cost more, primarily because of the staffing model of 

rotational rosters to the community. 

3. Self-care therapies are the least expensive although in our study, peritoneal 

dialysis was more expensive for both the first and subsequent year costs 

compared to self-care haemodialysis. This was in contrast to more recent 

studies in Australia. 

 

Additional files for this chapter can be found in the Appendices.  
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Chapter 6  Do Remote Dialysis Services Really Cost 

More? An Economic Analysis of Hospital and 

Dialysis Modality Costs Associated with Dialysis 

Services in Urban, Rural and Remote Settings 

6.1  Chapter Overview 

This chapter comprises a publication ready and submitted manuscript to BMC Health 

Services Research. The chapter analyses the total cost of dialysis service provision 

inclusive of dialysis program costs and all hospital costs for individuals by the DxMoC 

they attended. Modelling examined worst case/best case scenarios to predict 

incremental cost differences between DxMoC. 

6.2  Declaration of Authorship 

Gill Gorham designed the study and methodology, gathered and curated the data 

and undertook the analysis. Kirsten Howard provided methodological advice and 

guidance and Federica Barzi provided statistical support. Gillian Gorham drafted the 

initial manuscript and Kirsten Howard and Joan Cunningham provided guidance 

regarding manuscript structure. Kirsten Howard, Joan Cunningham, Alan Cass and 

Paul Lawton edited the draft manuscript. All authors reviewed and approved the 

manuscript prior to publication.  
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6.3  Abstract  

Background 

Rates of end-stage kidney disease in Australia are highest in the Northern Territory 

(NT), with the burden of disease heaviest in remote areas. However, the high cost of 

delivering dialysis services in remote areas has resulted in centralisation, requiring 

many people to relocate for treatment. Patients argue that treatment closer to home 

improves health outcomes and reduces downstream healthcare use. Existing dialysis 

cost studies have not compared total health care costs associated with treatment in 

different locations.  

Objective 

To estimate and compare, from a payer perspective, the observed health service 

costs (all cause hospital admissions, emergency department presentations and 

maintenance dialysis) associated with different dialysis models in urban, rural and 

remote locations.  

Methods 

Using cost weights attributed to diagnostic codes in the NT Department of Health’s 

hospital admission data set (2008-2014), we calculated the mean (SD) total annual 

health service costs by dialysis model for 995 dialysis patients. Generalized linear 

modeling with bootstrapping tested the marginal cost differences between different 

explanatory variables to estimate ‘best casemix’/‘worst casemix’ cost scenarios.  
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Results 

The mean annual patient hospital expenditure was highest for urban models at 

$97 928 (SD $21 261) and $43 440 (SD $5 048) and lowest for remote at $19 584 (SD 

$4 394). When combined with the observed maintenance dialysis costs, expenditure 

was the highest for urban models at $148 510 (SD $19 774). The incremental cost 

increase of dialysing in an urban area, compared with a rural area, for a relocated 

person from a remote area, was $5 648 more and increased further for those from 

remote and very remote areas to $10 785 and $15 118 respectively. 

Conclusion 

This study demonstrates that dialysis treatment in urban areas for relocated people 

has health and cost implications that may be greater than the cost of remote service 

delivery. The study emphasises the importance of considering all health service costs 

and cost consequences of service delivery models. 
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6.4  Background  

Treatment for end stage kidney disease (ESKD) places an enormous burden on the 

health system globally and is estimated to cost one billion dollars (AUD) annually in 

Australia [1]. The treatment for ESKD includes transplantation, haemodialysis 

(facility-based and home), and peritoneal dialysis, collectively described as renal 

replacement therapy (RRT). The comparable costs of RRT have been regularly 

estimated globally, nationally and by jurisdictions, as governments and service 

providers strive to provide high-cost therapies within increasingly constrained health 

budgets [2-7]. 

Self-care therapies of home haemodialysis (HHD) and peritoneal dialysis (PD) are 

estimated to be the least costly although cost studies vary on the comparative cost 

differences between HHD and PD. Estimates differ by country, jurisdiction and even 

locations within States and Territories [8-11]. Self-care therapies are not suited to all 

individuals and often have a limited treatment life. In Australia, most individuals 

requiring RRT receive haemodialysis in a staffed “satellite” facility, recognised as the 

most expensive RRT option [12].  

Studies have suggested a relationship between the frequency and cost of 

hospitalisations and specific treatment modalities [13-16]. A few cost studies have 

also compared the delivery of dialysis treatments across different locations, noting 

the increased infrastructure and recurrent costs per patient per year associated with 

remote based services [17-19].  



Page 126 

The prevalence of ESKD in Australia is highest in the Northern Territory (NT), with 

Aboriginal people requiring RRT at more than 10 times the national rate [20]. The 

burden of kidney disease in the NT is heaviest in remote areas where most Aboriginal 

people live [21], yet renal and dialysis services are largely centralised in the two 

urban areas. As a result, most Aboriginal people relocate for treatment, often 

permanently. 

Dialysis service development in rural and remote locations have been limited by 

concerns regarding the comparatively high establishment and recurrent costs of 

staffed facilities and the limited capacity of remote primary health services to care 

for complex conditions, such as ESKD [22-24].  

However medical relocation inevitably involves life-changing economic and 

psychosocial costs, including decreased uptake of RRT [25-27]. While there are strong 

arguments that improving service accessibility would both improve outcomes and 

decreases costs [28-30], a rigorous assessment of total health service costs has not 

been completed to date. 

6.5  Objective  

The objective of this study was to examine the total health system costs associated 

with the delivery of dialysis models of care in urban, rural and remote locations from 

the payer perspective. Health system costs included all cause hospital admissions, 

emergency department (ED) presentations and maintenance dialysis costs.  
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Our aim was to estimate and compare the observed mean total costs/patient/year by 

dialysis model of care and model different casemix scenarios to identify patient 

characteristics that predicted significant changes in hospital costs. 

6.6   Methods  

Overall study design 

Australia’s health system is described as a hybrid model. It consists of publicly funded 

health services based on the premise of universal access to health care, and privately 

funded services based on user choice [31]. Renal services in the NT are wholly 

publicly funded as the single private hospital does not provide dialysis treatments. 

This study took the payer perspective and only included direct health care costs. 

Patient out of pocket costs, including costs associated with medical relocation were 

excluded. Costs are reported in 2017 Australian dollars.  

We conducted a retrospective analysis of total health service expenditure (dialysis 

treatments, hospital admissions and ED presentations) for renal patients in the NT 

between the years 2008-2014. Total health service expenditure was calculated using 

two approaches:  

1) Observed all cause hospital admissions costs, based on the Australian Refined 

Diagnosis-Related Groups (AR-DRG), a classification system used in Australia for 

grouping diagnoses/conditions requiring similar hospital services to calculate public 

hospital funding on an activity basis. Average cost weights are attributed to each 

episode of care [32]; and  
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2) published data of per dialysis treatment costs (inclusive of infrastructure costs) 

from a recent micro-costing analysis of dialysis program expenditure in the NT [19].  

Setting  

The NT is a large land mass with a relatively small, sparsely dispersed population. The 

majority of the NT is classified as remote or very remote according to the Australian 

Statistical Geography Standard-Remoteness Area (ASGS-RA) classification, which 

divides Australia into five classes of remoteness based on access to services [33].  

Most people live in the two main urban centres of Darwin and Alice Springs, but the 

majority (70%) of Aboriginal people, who make up 30% of the NT population, live in 

remote/very remote communities [34]. More than 85% of people receiving RRT in 

the NT identify as Aboriginal. At the time of this study, most staffed dialysis services 

were centralised in the urban areas of Darwin and Alice Springs with only limited 

dialysis services available in remote locations. These small services were usually at 

capacity with waiting lists. Consequently, 75% of people receiving care in the urban 

areas had moved from very remote areas, often crossing state boundaries to access 

treatment.  

Dialysis models of care  

We stratified admissions for each patient receiving dialysis in the NT between 2008 

and 2014 according to the type and location of dialysis treatment, characterized as a 

dialysis model of care (DxMoC). We did not include kidney transplantation in the 

study (Table 6.1).  
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Table 6.1: Dialysis services in the NT characterised as Dialysis Models of Care 
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Study cohort  

The study population was derived from the NT Department of Health’s Admitted 

Patient Care (hospital) data set and based on the presence of diagnosis or procedure 

codes for RRT (International Classification of Diseases Version 10 Australian 

Modification (ICD 10AM), see Appendices Table S6.1 and S6.2 for list of codes). The 

hospital data set contained individual episodes of patient care for the five parent 

hospitals and satellite dialysis services in the NT. Besides an individual’s demographic 

details (age, ethnicity, residence), episode data also included the AR-DRG for each 

admission including maintenance dialysis. 

The hospital data set was linked with activity data from: a) interstate patient travel 

information (n=171); and b) dialysis data from individuals who received care in the 

remote community-controlled model (DxMoC4) and self-care haemodialysis 

(DxMoC5) (n=189) not captured in the hospital data set. The collection of 

maintenance dialysis data for DxMoC4 and DxMoC5 was known to be inconsistent, 

and manual compilation of activity and linkage with the hospital data set was 

undertaken by an independent linker. The cohort for this study was established as 

part of the broader DxMoC [35] project and an analysis of health service activity 

preceded this study (Chapter 4). Additional information regarding the activity 

analysis can be found in Chapter 4 and Chapter 4 Supplementary Methods in the 

Appendices. 

Data was censored at death or withdrawal (based on coding) or loss to follow-up 

(LTFU) defined as no entry in the data for 12 months or more, without re-entry. 



Page 131 

Patients who had missing data for 12 months or more (transplanted, moved 

interstate) but re-appeared in the data set were characterized as intermittent LTFU 

(iLTFU) for that period. Eight patients (n=8) were excluded as they did not have any 

cost data. The study population comprised of 995 maintenance dialysis patients, 

defined as individuals who received dialysis for more than three months continuously 

(Figure 6.1). The analysis was restricted to 2008 to 2014 to ensure sufficient activity 

was available across all models (new and developing) and to marry with the micro-

costing analysis time frame [19]. 

 

*RRT: Renal Replacement Therapy 

Figure 6.1: Patient selection flow chart for maintenance dialysis patients 2008-2014 
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Data management  

The data was checked and cleaned to ensure consistency of demographic variables 

(such as gender and ethnicity) and duplicate attendances removed. Same day 

attendance at both a dialysis facility and the ED, which did not result in an overnight 

admission (n=3716) were retained as these records represent additional quantifiable 

resource allocations.  

Variables for the presence of select comorbidities prevalent in ESKD and considered 

to have a significant impact on health outcomes were created (diabetes, cardiac 

disease, vascular disease, hypertension, cerebrovascular disease and obesity) based 

on the presence of relevant ICD 10AM codes (Appendices Table S6.3). These were 

carried forward to subsequent episodes once present. Other variables that were 

considered relevant included region (TE and CA), time on dialysis, age at admission, 

Aboriginal status and remoteness of residence prior to commencement of RRT.  

In the NT, there is significant movement between DxMoC with variability across 

models in the number and proportion of patients who spend a full year in any model 

of care. When mapped, Incentre DxMoC0 had the lowest proportion of patients (3%) 

with a full year, with a median time in model of 0.33 year (IQR: 0.13-0.67). This was 

not unexpected given the model is primarily reserved for new patients and complex 

care. Similarly, the remote community controlled DxMoC4, primarily a respite model, 

only had 9% of patients with a full year and a median time in model of 0.76 year 

(IQR:0.36-0.94) (Table 6.2). 
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Table 6.2: Patients experiencing full year in DxMoC 2008-2014 with mean (95% CI) and 
median (IQR) time 

 

 

Due to this mobility, the attribution of hospital costs to a specific DxMoC required 

careful analysis and testing of approaches. The dominant dialysis model of care for 

each patient was based on rolling attendance over three weeks. This was designed to 

reduce the “noise” of frequent movement between models while still enabling the 

respite model (DxMoC4) of 2 to 3 weeks to be captured in the data.  

Person years 

Time (weeks) spent in a DxMoC per year was calculated as the exposure time specific 

to a model of care and was used in the calculation of person years. Exposure time 

was censored at death or permanent loss to follow-up. Person years was calculated 

for each DxMoC and for each year of the study. The full list of variables (definitions 

and calculations) can be found in the Appendices (Table S6.4). 

DxMoC and patients (n) Full year in DxMoC n (%) Mean time (95% CI) Median time (IQR)

Incentre DxMoC0 (n=692) 18 (3%) 0.43 (0.42-0.43) 0.33 (0.13-0.67)

Urban DxMoC1 (n=865) 473 (55%) 0.88 (0.88-0.88) 1 (0.86-1)

Rural DxMoC2 (n=199) 102 (51%) 0.90 (0.90-0.90) 1 (0.94-1)

Remote DxMoC3 (n=41) 24 (59%) 0.89 (0.88-0.89) 1 (0.88-1)

Remote *CC DxMoC4 (n=131) 12 (9%) 0.66 (0.65-0.66) 0.76 (0.36-0.94)

Self-care *HD DxMoC5 (n=128) 49 (38%) 0.87 (0.86-0.87) 1 (0.81-1)

Self-care *PD DxMoC6 (n=158) 86 (54%) 0.85 (0.85-0.86) 1 (0.81-1)

* CC: community controlled; HD: Haemodialysis; PD: Peritoneal dialysis
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Cost data management  

Costs were attributed to each admission according to the AR-DRG. Seven (7) 

admissions were uncoded, with neither AR-DRG or ICD 10AM codes present. These 

were allocated a generic AR-DRG based on the length of hospital admission. 

Dummy cost variables were created to identify and differentiate the dialysis costs 

between the different DxMoC not represented in the hospital data set. For instance, 

while maintenance dialysis as an outpatient is captured for each treatment as a same 

day admission, the cost differential between different models and regions are not 

adequately recognised in the case mix funding model. The cost for each same day 

dialysis at each DxMoC was replaced with the relevant and representative cost from 

the micro costing study [19]. Incentre haemodialysis (DxMoC0) is accepted as being 

more expensive than urban satellite dialysis (DxMoC1) [36, 37]. As Incentre DxMoC0 

was not included in the micro-costing study, we allocated the Urban DxMoC1 cost 

value from the study inflated by 17%, based on the incremental cost differences 

between Urban DxMoC1 and Incentre DxMoC0 from the available research [1, 8, 36-

40].  

Costs for self-care training for both DxMoC5 (Self-care HD) and DxMoC6 (Self-care 

PD) were only applied to incident patients (those starting RRT after January 2008), 

and only in the first year of allocation to the model. The training cost for self-care HD 

DxMoC5 was based on findings from the micro-cost study which included a lengthy 

training period of up to six months. Yearly self-care PD DxMoC6 costs were applied as 

a proportion of the time spent in the model. The replacement costs for AR-DRG code 
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L61Z (same day haemodialysis) and one-off costs applied for DxMoC6 (peritoneal 

dialysis) based on the representative values from the micro costing study [19] are in 

Table 6.3. 
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Table 6.3: Replacement unit costs for same day haemodialysis and peritoneal dialysis activity $2017 

 

 

Model of care and region*
Replacement unit cost 

for AR-DRG L61Z13 Applied

Incentre DxMoC0 - TE1a $682.41 All patients in model

Incentre DxMoC0 - CA1a $662.59 All patients in model

Urban DxMoC1 - *TE $583.26 All patients in model

Urban DxMoC1 - *CA $566.32 All patients in model

Rural DxMoC2 - TE $519.29 All patients in model

Rural DxMoC2 - CA $565.70 All patients in model

Remote DxMoC3 - TE $798.03 All patients in model

Remote *CC DxMoC4 - CA $770.33 All patients in model

Self-care *HD DxMoC5 - TE (training) $579.17 Incident patients to DxMoC5 - applied to first 180 days in model

Self-care HD DxMoC5 - TE post training $275.17 Prevalent patients and after first 180 days in model for incident patients 

Self-care HD DxMoC5 - CA (training) $850.85 Incident patients to DxMoC5 - applied to first 180 days in model

Self-care HD DxMoC5 - CA post training $435.90 Prevalent patients and after first 180 days in model for incident patients 

Self-care *PD DxMoC6 - TE (training) $33 260 Incident patients to DxMoC6 - one off amount in first year DxMoC6 appears

Self-care PD DxMoC6 - TE post training $58 489.18
Prevalent patients with annual cost proportioned to time in DxMoC6 (exclusive of 6 weeks 

training time)

Self-care PD DxMoC6 - CA (training) $17 854.00 Incident patients to DxMoC6 - one off amount in first year DxMoC6 appears

Self-care PD DxMoC6 - CA post training $61 427.58
Prevalent patients with annual cost proportioned to time in DxMoC6 (exclusive of 6 weeks 

training time)

1a  Based on DxMoC1 costs inflated by 17% - using average incremental cost difference between DxMoC1 (urban services) and DxMoC0 (incentre facility) from seven studies 28-31

*TE: Top End; CA: Central Australia; CC: community controlled; HD: Haemodialysis; PD: Peritoneal dialysis
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Statistical analysis  

All analyses were conducted using Stata15.1© (StataCorp., College Station; Texas 

USA). Descriptive statistics included the total mean and standard deviation for all 

health service costs (overnight admissions, ED presentations and maintenance 

dialysis costs) and health service costs per person year. 

We considered and tested a range of models for goodness of fit including a two part 

generalized linear model (GLM) [41]. We explored the completeness of costs for each 

individual and by DxMoC to determine the level of ‘missingness’ and if cost 

imputation was required [42]. We used a standard GLM (as the inclusion of zero costs 

was important in this context) to test marginal effects and a modified Park Test to 

determine the link family [43]. The GLM with log and gamma family (and a cluster 

option to account for multiple observations) was then used to test the marginal cost 

differences between different explanatory variables to create models to predict ‘best 

casemix’/‘worst casemix’ cost scenarios [44]. Bootstrapping of 2000 repetitions was 

used to test the robustness of cost outputs and to account for the unevenness of 

utilisation between DxMoC.  

6.7  Results 

Study population  

Of the nine hundred and ninety-five individuals who met the inclusion criteria, there 

were more females than males, with Aboriginal people making up the majority of the 
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study cohort (90%). There was homogeneity across age at study entry and median 

study time with little variance by gender and Aboriginal status. 

Overall, 75% of the study population had a residential address outside of the urban 

areas of Darwin and Alice Springs (greater than 90 minutes drive) prior to the start of 

RRT. The proportion of people with a recorded comorbidity of diabetes and cardiac 

disease was more common in Aboriginal people than non-Aboriginal people (Table 

6.4). 

Table 6.4: Patient characteristics by first episode in data set by gender and Aboriginal 
status 

 

 

Health service utilisation  

Health service costs were separated by overnight hospital admissions, ED 

presentations not resulting in an overnight admission and maintenance dialysis 

(same day haemodialysis and annual (pro rata) peritoneal dialysis expenditure). 

Characteristics of cost study cohort n=995

Female Male Female Male

Gender (female) n (%) 566 (57%) 526 (59% ) 366 (41%) 40 (39%) 63 (61%)

Mean age at study entry (SD) 51 (11.7) 51 (11.4) 50 (11.0) 50 (16.0) 56 (14.7)

Median study time (IQR) 3.2 (1.5-5.7) 3.3 (1.4-5.8) 3.2 (1.5-5.6) 3.2 (1.6-5.7) 3.1 (1.3-4.9)

Relocation

Relocated n (%) 743 (75%) 429 (82%) 304 (83%) 4 (10%)  6 (10%) 

Residence pre *RRT (very remote) 703 (71%) 407 (77%) 288 (78%) 3 (7%) 5 (8%)

Comorbidities at study entry 

Diabetes 767 (77%) 439 (84%) 287 (79%) 20 (49%) 21 (33%)

Cardiac Disease 480 (48%) 256 (49%) 188 (51%) 15 (37%) 21 (33%)

Vascular Disease 333 (33%) 183 (35%) 118 (32%) 9 ( 22%) 23 (37%)

Obesity 116 (12%) 58 (11%) 50 (14%) 4 (10%) 4 (6%)

Hypertension 910 (91%) 487 (93%) 339 (93%) 34 (85%) 50 (79%)

Cerebrovascular Disease 49 (5%) 24 (5%) 25 (7%) 0 (0%) 5 ( 8%)

*RRT: Renal Replacement Therapy

Aboriginal n=892 (90%) Non-Aboriginal n=103 (10%)
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Overnight admission and ED costs are referred to collectively as ‘hospital service’ 

costs.  

Expenditure was examined for each patient, each year and by DxMoC. While our 

analysis used methodology that allowed prediction of costs, our primary objective 

was to determine the relative overall observed costs for each DxMoC. Approximately 

80% of patients incurred at least one overnight admission each year and 35% 

presented to the ED at least once in a year. Approximately 15% of patients each year 

had neither a hospital admission nor ED presentation and therefore had zero health 

service costs other than maintenance dialysis costs. Health service activity for 

patients in each year is presented in Table 6.5.  

The completeness of activity for each patient was examined to determine reasons for 

partial activity. Approximately 70% of patients each year had a full year of activity. 

Partial year costs were due to a variety of reasons including incidence, death and loss 

to follow-up (LTFU). Patients who did not have a full year of activity in 2014 but were 

expected to (that is, were not transplanted, deceased or on DxMoC6) were 

characterized as LTFU. This is likely to have inflated the counts for LTFU in 2014 as it 

is not possible to know whether the individuals reappeared in the data set in 2015 

(Table 6.6).  
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Table 6.5: Health service activity for patients active in each year excluding same day dialysis 

 

 

Table 6.6: Number and proportion of patients with complete and partial year costs by year 
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We determined that partial year costs were not due to missing data (missing at 

random (MAR)) [42] and the analysis by person years would account for incomplete 

years when determining the mean costs. We did not impute missing costs.  

Health Service Costs  

Hospital service costs were positively skewed. The crude mean annual hospital 

service expenditures stratified by DxMoC, are presented in Table 6.7. All costs are in 

$2017 Australian dollars.  
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Table 6.7: Average annual health service expenditure by DxMoC and by patient years (2008-2014) $AUS2017 

 

 

DxMoC costs

Incentre

DxMoC0 

Urban

DxMoC1 

Rural 

DxMoC2 

Remote 

DxMoC3 

Remote CC 

DxMoC4 

Self-care *HD 

DxMoC5 

Self-care *PD 

DxMoC6

Mean annual person years (SD) 26.9 (3.5) 293.2 (33.9) 65.5 (9.9) 15.2 (3.3) 20.2 (9.9) 33.5 (7.7) 42.6 (8.2)

Annual overnight costs (SD) $2 384 554 ($292 382) $10 796 590 ($2 338 105) $2 057 456 ($536 526) $298 030 ($110 777) $400 455 ($198 295) $783 561 ($262 117) $1 195 783 ($267 061)

Annual *ED cost (SD) $197 395 ($69 154) $2 080 762 ($576 588) $161 867 ($86 244) $5 456 ($6 402) $104 606 ($61 532) $37 391 ($16 678) $67 633 ($23 333)

Annual hospital (overnight and ED) costs (SD) $2 581 949 ($339 333) $12 887 350 ($2 897 673) $2 219 323 ($607 166) $303 486 ($115 358) $505 060 ($252 482) $820 952 ($267 606) $1 263 416 ($276 490)

Annual dialysis costs (SD) $1 376 173 ($267 504) $20 648 550 ($2 412 165) $4 787 821 ($743 545) $1 702 762 ($322 872) $2 140 761 ($1 048 406) $1 496 354 ($314 784) $2 986 276 ($554 379)

Total annual health service costs  (SD) $3 958 122 ($391 353) $33 525 910 ($5 185 195) $7 007 144 ($1 244 222) $2 006 248 ($399 797) $2 645 821 ($1 296 984) $2 317 ($531 984) $4 249 692 ($673 865)

1a Mean hospital costs/patient/yr (SD) $97 928 ($21 261) $43 440 ($5 048) $33 630 ($7 213) $19 584 ($4 394) $24 914 ($4 537) $24 432 ($6 618) $30 699 ($8 898)

1a Mean dialysis costs/patient/yr (SD) $50 582 ($4 434) $70 418 ($1 169) $73 118 ($1 388) $112 696 ($6 322) $105 932 ($3 556) $44 959 ($4 067) $70 391 ($4 272)

1a Mean health service costs/patient/yr (SD) $148 510 ($19 774) $113 858 ($4 891) $106 748 ($6 364) $132 280 ($3 159) $130 846 ($5 280) $69 391 ($8 169) $101 090 ($9 421)

1a Annual costs divided by person years

*ED: emergency department; HD: haemodialysis; PD: peritoneal dialysis
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Mean annual hospital patient costs (calculated by dividing total hospital service costs by 

person years) for each DxMoC were highest for Incentre DxMoC0, with a mean cost of 

$97 928 (SD: $21 261) and lowest for Remote DxMoC3 with a mean cost of $19 584 (SD: 

$4 394). When combined with the observed maintenance dialysis costs, expenditure was the 

highest for Incentre DxMoC0 at $148 514 (SD $19 774) followed by the remote models 

DxMoC3/4 at $132 280 and $130 846, respectively (Figure 6.2).  

 

 

*CC: community controlled; HD: haemodialysis; PD: peritoneal dialysis 

Figure 6.2: Observed mean annual hospital and maintenance dialysis costs/patient/year 

 

Where the annual dialysis patient costs from the micro-costing study [19] were used 

instead of the observed maintenance dialysis costs, total costs were generally 
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consistent (within 10-15%) for all DxMoC except Incentre DxMoC0 and Urban 

DxMoC1 (Figure 6.3).  

The observed annual dialysis expenditure per patient was lower by 50% and 20% for 

Incentre DxMoC0 and Urban DxMoC1 respectively (Figure 6.2), compared to the 

micro-costing analysis (Figure 6.3), due to the lower observed attendances in these 

DxMoC. 

 

 

*CC: community controlled; HD: haemodialysis; PD: peritoneal dialysis 

Figure 6.3: Observed mean annual hospital costs/patient/year with annual patient 
maintenance dialysis costs based on full annual attendance in a DxMoC from micro-

costing analysis [19] 
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Case mix factors in health service costs  

Using GLM regression we predicted low cost and high cost casemix scenarios based 

on the marginal and incremental costs attributed to different exposure variables. As 

Urban DxMoC1 had the largest patient population and activity, this model was used 

as the comparative reference for all other DxMoC. Region, dialysis vintage, 

comorbidities of diabetes, cardiac disease and vascular disease and DxMoC were 

significant in the modelling (P<0.001). Results are presented for Aboriginal people as 

they made up the majority of the cohort (90%), and all attendances at rural/  

remote models (DxMoC2-4). 

We predicted the costliest casemix would include male gender, relocated from a very 

remote border community for dialysis treatment, dialysis vintage of less than 12 

months, age between 30-39 years, with a comorbid condition of vascular disease and 

receiving care within the Central Australian (CA) region at either Incentre DxMoC0 or 

Urban DxMoC1. This casemix incurred between $88 635 and $91 935 in 

hospitalisation costs each year.  

In contrast, the low cost casemix scenario included demographic factors such as an 

older (between 50-59 years of age) female, from the urban area, on dialysis for 4-5 

years, dialysing in the Top End (TE) region on self-care HD (DxMoC5). Hospital costs 

were predicted to be significantly lower ($22 434), and this remained the case even if 

a major comorbidity such as vascular disease, was included ($33 158). 



Page 146 

We used 50-59 years as the age reference group as this was close to the mean age of 

the study cohort (Table 6.4). For each model, we noted costs decreased with each 

older age group and with each dialysis vintage grouping (Table 6.8).  

High cost casemix scenarios included remote residence pre RRT, being new to dialysis 

(less than 12months), relatively young (30-39 years), with a comorbidity such as 

vascular disease and dialysing in the urban area (DxMoC0/1) in CA.  Other than 

presence of a select comorbidity, this combination of factors is common in NT dialysis 

patients. This casemix predicted hospital costs between $100 079 and $104 777 

annually. 

The lowest cost casemix could be attributed to a combination of characteristics that 

included an older (50-59 years) female, with no comorbidities who had been on 

dialysis for 4-5 years and either originally from the urban area and undertaking self-

care HD DxMoC5 OR originally from the remote area and dialysing in Remote 

community-controlled DxMoC4.  

At the very least, the incremental cost for an Aboriginal person dialysing in a rural 

(DxMoC2) area was $5 694 lower, compared with a relocated Aboriginal person (with 

all other things being equal) dialysing in the urban area (DxMoC1). The incremental 

cost reduction compared to urban dialysis was dependent on remoteness, with 

Remote DxMoC3 having, on average, $10 818 lower costs than Urban DxMoC1, and 

Remote community-controlled DxMoC4 having $15 125 lower costs than Urban 

DxMoC1 (Table 6.8).       
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Table 6.8: Mean annual costs for Aboriginal dialysis patients by included variables 
$AUS2017 

 

Constant $25 797 ($24 793 to $26 801) <0.001

Annual time in model $39 189 ($34 558 to $43 819) <0.001

Gender 

Male $2 594 ($477 to $4 712) 0.016

Region

Top End (vs Central Australia) -$5 578 (-$7 943 to -$3 214) <0.001

Residence Pre *RRT

Urban Reference

Remote $5 451 ($754 to $10 076) 0.023

Very remote $4 777 ($1 312 to $8 243) 0.007

Remote border communities $16 594 ($2 605 to $30 584) 0.020

Admission age

<30yrs $9 405 ($2 950 to $15 860) 0.004

30-39yrs $13 381 ($8 773 to $17 989) <0.001

40-49yrs $3 977 ($1 506 to $6 844) 0.002

50-59yrs Reference

60-69yrs $1 442 (-$1 204 to $4 090) 0.285

>70yrs $1 213 (-$4 129 to $6 556) 0.656

Time on dialysis

<12mths Reference

1-2 yrs -$9 707 (-$14 288 to -$5 127) <0.001

2-3yrs -$11 548 (-$16 750 to -$6 345) <0.001

3-4yrs -$10 524 (-$16 291 to -$4 757) <0.001

4-5yrs -$14 628 (-$20 021 to -$9 234) <0.001

>5yrs -$13 951 (-$18 819 to -$9 083) <0.001

Comorbid conditions

Diabetes (vs no diabetes) $4 614 ($1 380 to $7 847) 0.005

Cardiac (vs no cardiac) $8 632 ($6 371 to $10 892) <0.001

Vascular (vs no vascular) $11 930 ($9 524 to $14 336) <0.001

DxMoC

Incentre DxMoC0 $4 702 ($742 to $8 662) 0.020

Urban DxMoC1 Reference

Rural DxMoC2 -$5 694 (-$8 493 to -$2 894) <0.001

Remote DxMoC3 -$10 818 (-$15 468 to -$6 167) <0.001

Remote *CC DxMoC4 -$15 125 (-$18 561 to -$11 689) <0.001

Self-care HD DxMoC5 -$8 854 (-$13 412 to -$4 296) <0.001

Self-care PD DxMoC6 -$2 093 (-$6 468 to $2 280) 0.348

Multivariate GLM regression for 

Aboriginal people with included 

variables 

Marginal differences (95% CI) P value

* RRT: Renal Replacement therapy; CC: community controlled; HD: Haemodialysis; PD: Peritoneal dialysis
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Discharge diagnosis for DxMoC 

We examined the type and frequency of admissions (based on AR-DRG discharge 

codes) to better understand what other factors impact on DxMoC hospital costs. 

There was variation in the most frequent discharge diagnosis between models. 

Kidney related conditions without complications was the most frequent 

hospitalisation AR-DRG for Urban DxMoC0,1 and Remote community-controlled 

DxMoC4, while AR-DRGs for Rural DxMoC2 and Remote DxMoC3 were respiratory 

related conditions with severe to moderate (but not catastrophic) complications. 

These conditions had cost weights twice as high as those for kidney related 

conditions (Table 6.9). However, discharge codes associated with self-care HD and PD 

(DxMoC5 and 6) tended to be more acute (infections and obstructions) with severe 

or catastrophic complications and a cost weight three times that of the kidney 

related conditions. When the costs for the top three admission codes for each 

DxMoC were aggregated, the average per episode cost was considerably higher in 

the self-care models of DxMoC5 and 6 compared to all other models (Table 6.9). 
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Table 6.9: Top three discharge diagnoses for each DxMoC, cost weights per episode aggregated and averaged 

 

 

AN-DRG AN-DRG Description Cost weight
Incentre 

DxMoC0

Urban 

DxMoC1

Rural  

DxMoC2

Remote 

DxMoC3

Remote *CC 

DxMoC4

Self-care *HD 

DxMoC5

Self-care *PD 

DxMoC6

L65B
Kidney and Urinary Tract Signs and 

Symptoms W/O Catastrophic or Severe CC
$2 758 277 (15%) 2036 (18%) 90 (5%) 6 (4%) 47 (13%) 23 (5%)

L65A
Kidney and Urinary Tract Signs and 

Symptoms W Catastrophic or Severe CC
$7 246 222 (12%) 979 (9%)

L67A
Urinary Stones and Obstruction W 

Catastrophic or Severe CC
$9 985 104 (11%)

K62B
Miscellaneous Metabolic Disorders W/O 

Catastrophic or Severe CC
$4 690 355 (3%)

E62B
Respiratory Infections/Inflammations W 

Severe or Moderate CC
$6 916 99 (6%) 5 (3%)

Z64A Other Factors Influencing Health Status $4 875 97 (6%)

L60C
Kidney Failure W/O Catastrophic or Severe 

CC
$3 970 95 (5%)

T64B
Other Infectious and Parasitic Diseases W 

Severe or Moderate CC
$9 166 60 (12%)

L67B
Other Kidney and Urinary Tract Disorders 

W/O Catastrophic or Severe CC
$4 563 57 (6%)

L09A
Other Procedures for Kidney and Urinary 

Tract Disorders W Cat CC
$29 964 51 (5%)

F74Z Chest Pain $5 325 26 (7%)

G66Z Abdominal Pain or Mesenteric Adenitis $2 377 16 (5%)

F75B
Other Circulatory Disorders W Severe or 

Moderate CC
$6 167 16 (3%)

E65B
Chronic Obstructive Airways Disease W/O 

Catastrophic CC
$5 885 10 (6%)

$4 629 $4 142 $4 915 $5 237 $3 439 $7 193 $13 333

*CC: community controlled; HD: Haemodialysis; PD: Peritoneal dialysis

Average cost per admission -Top 3 admissions aggregated
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6.8  Discussion  

This study demonstrates the importance of understanding the full cost implications 

of delivering dialysis services in different locations. Economic assessments that do 

not consider full health service costs of various models of care, such as hospital 

admissions and ED visits, in addition to maintenance dialysis costs, provide an 

inaccurate picture of the total costs to the health system.  

While remote DxMoC had higher costs associated with dialysis delivery, they had 

lower hospital costs when compared with urban DxMoC. 

Our findings support previous work that found annual maintenance dialysis costs 

were higher for rural and remote based DxMoC (DxMOC2-4) compared to urban 

based (DxMoC0/1) or self-care modalities (DxMoC5/6) [19]. However, this study also 

demonstrated that the costs associated with overnight admissions and ED 

presentations were lower in these models. The mean hospital costs per person year, 

were significantly lower in rural/remote DxMoC2-4 when compared to Incentre 

DxMoC0 and Urban DxMoC1.  

Based on observed individual attendances, the annual maintenance dialysis costs for 

Incentre DxMoC0 were lower than expected. Non-attendance for dialysis will result 

in lower maintenance dialysis costs, but as seen in this study, the downstream 

consequences include frequent admissions and higher overall health service costs. 

This confirmed our previous analysis (unpublished) that higher hospital presentations 

(and therefore costs) observed in Incentre DxMoC0 and Urban DxMoC1 were less 
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related to the characteristics of patients attending these models (such as age or 

comorbidities) than to dialysis attendance patterns.  

The casemix analysis examined patient characteristics that predict significant changes 

in hospital costs and found, individually, the comorbidities of vascular disease, 

cardiac disease and to some extent diabetes, contributed significant marginal costs. 

For Aboriginal patients, remoteness of residence pre RRT start was a factor, 

particularly for those from very remote border communities. Time on dialysis also 

influenced costs; with costs predicted to reduce with each year on dialysis.  

However, all else being equal, model of care was a significant contributing factor, 

with incremental costs for all DxMoC lower when compared to the urban based 

DxMoC0/1. The incremental cost difference was the largest for remote services 

(DxMoC3 and4) and the smallest (and non-significant) for DxMoC6. Most overnight 

episodes of care were for relatively uncomplicated short stays but when examined by 

DxMoC there was a difference in the frequency of the type and severity of discharge 

conditions. The self-care therapies (DxMoC5/6) had lower observed admissions, but 

the discharge diagnoses and costs indicated these admissions were both more severe 

and complex, consistent with findings reported elsewhere [45, 46]. 

Limitations  

Retrospective observational hospital data presents challenges for cost analysis. Costs 

are based on activity and researchers must determine reasons for low or no activity. 

Where there was a priori knowledge of missing dialysis attendance for DxMoC4 and 5 
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(nonignorable missing values [47]) we made every effort to gather this information 

from other sources and link the data sets. We did not interpolate data nor impute 

costs as we could not be certain activity had occurred. This may under-estimate costs 

associated with dialysis treatments, although in those DxMoC where dialysis 

attendance was lower, hospitalisation activity and costs were higher. This supports 

the assumption that lower dialysis attendance leads to higher hospitalisations and 

thus the lower observed activity and costs were not due to missing data. 

6.9  Conclusion  

Maintenance dialysis is the most common form of RRT for Aboriginal people in the 

NT and throughout Australia. There is an abundance of literature on the cost of 

delivering different modalities; assessments have also been made on the broader 

health service cost consequences of each modality [48-50]. There is limited literature 

on the cost implications of dialysis delivery in different locations that also considers 

broader health service use. 

Aboriginal patients and communities have long advocated for services closer to 

home, arguing for equitable and accessible services and pointing to literature 

documenting the psychosocial and economic imposts of relocation [51-55]. A 

reluctance to establish dialysis services in remote areas can be understood, given the 

increased resources associated with service delivery logistics and initial infrastructure 

expenditure. Concerns also exist regarding the quality of care available for remote 

residing patients [56-58]. In the NT, this reluctance is coupled with the perception 
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that the already high rates of hospitalisations experienced by Aboriginal people on 

RRT, would be exacerbated further by distance and limited access to tertiary and 

specialist services in remote areas, resulting in significant increases in health service 

costs [23, 24]. Certainly, we are aware that many relocated Aboriginal patients 

struggle to reconcile treatment requirements and urban area living with community 

and cultural priorities. Ultimately this results in missed treatments and frequent 

hospitalisations [59, 27, 60].  

Our study however, demonstrates that the increased costs associated with remote 

dialysis service delivery are offset by reduced downstream health service use and 

costs. Examining the full cost impacts of different dialysis models of care and 

interpreting the data so that it may inform future policy decisions, is critical to 

shaping equitable and accessible service delivery models. 
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6.10  Chapter Six Summary and Key Messages  

1. Remote DxMoC cost more to deliver than urban DxMoC. However, missed 

treatments and lower dialysis attendance for most people attending these 

urban models (relocated Aboriginal people), make them an inefficient model 

and poor use of resources. 

2. Lower dialysis attendance is also associated with higher hospitalisations, poor 

health outcomes and higher health service costs. When all health service 

costs and consequences for each DxMoC are quantified, the incremental cost 

differences between models are minimal. 

3. When dialysing closer to or at home, Aboriginal people from remote areas 

have better dialysis attendance, lower other health service use and lower 

hospitalisation costs.   

4. To inform policy and service development effectively and accurately, cost 

studies should consider the full cost impacts of dialysis service models 

including downstream non-dialysis health service costs.  

 

 

Supplementary methods can be found in the Appendices. 
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Chapter 7  Value for Money: Incorporating 

Differing Worldviews in the Costs and Benefits of 

Dialysis Services in Urban, Rural and Remote 

Locations 

7.1  Chapter Overview 

This chapter provides an overview of the engagement process to co-design a value 

for money framework that includes policy makers, clinicians and patient perspectives 

and world views. 

7.2  Declaration of Authorship 

Gillian Gorham conceptualised the study, developed the approach with advice and 

support from Alan Cass, Kirsten Howard and Samantha Togni. Gillian Gorham 

gathered, curated and analysed the quantitative and economic data and reviewed 

the literature relating to the qualitative component. Samantha Togni led the 

qualitative work with Aboriginal co-researchers Lachlan Ross, David Croker, Margaret 

Smith, Margaret Heffernan, Irene Nangala and Nyumiti Burton. Gillian Gorham 

drafted the initial manuscript with reviews and edits by Samantha Togni, Joan 

Cunningham, Kirsten Howard and Alan Cass. 
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7.3  Abstract 

Introduction and aim 

Most people receiving dialysis in the Northern Territory (NT) identify as Aboriginal 

and come from a remote area. A mismatch between demand and service provision 

exists with services centralised in urban areas, requiring many Aboriginal people to 

relocate. Remote staffed facilities are costly, but relocation also incurs significant 

financial and psychosocial costs, including decreased uptake of treatment. We aimed 

to develop a value for money (VfM) framework to assess the costs and benefits of 

different dialysis services, incorporating perspectives and world views of policy 

makers, clinicians and patients/carers. 

Study design 

Economic assessments are frequently conducted from the payer perspective and 

often cost-effectiveness analysis utilises quality of life instruments which have not 

been validated in our Aboriginal population. We determined that a VfM assessment 

would allow a data and theory driven approach to the synthesis of quantitative, 

financial and qualitative data and the inclusion of different stakeholder perspectives.  

Results 

Taking a collaborative and iterative approach, we engaged stakeholders with 

differing world views (health professionals and Aboriginal participants with lived 

dialysis experience) in a co-design process. All stakeholders agreed on six criteria of 

importance against which the costs and benefits of the different dialysis services 
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were assessed. A typical matrix format of the VfM framework was developed by 

health professionals while Aboriginal participants conceptualised and articulated the 

framework through drawings in a format that held cultural meaning. 

Implications 

This innovative approach provides a collaborative means for participants, particularly 

those impacted by inaccessible policy decisions, to contribute to and potentially 

share in policy and funding decisions. Our process, conducted in a complex cross-

cultural environment, with different languages and a significant imbalance in 

stakeholder’s socio-economic and professional status, demonstrated that a shared 

understanding of values of importance to all participants was possible. Although a 

work in progress, we recognise the process, including the socialization of concepts 

across groups, requires time and resources to ensure integrity and meaningful 

engagement of all participants.  
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7.4  Introduction 

Kidney disease places a huge economic burden on health systems (1) and individuals 

(2) with dialysis treatment for end stage kidney disease placing the heaviest resource 

burden on patients (3, 4). This burden is magnified in the Northern Territory (NT) of 

Australia where people on dialysis are more likely to be younger, identify as 

Aboriginal and receive care in a staffed facility (5). Although renal services have been 

available in Australia for nearly 60 years, the development of renal treatment options 

in the NT was relatively slow with fewer models of care being made available (6). In 

part this was due to the small population of the NT, dispersed over a large area. 

However, the burden of kidney disease was very high, particularly amongst 

Aboriginal people in remote areas and numerous published and commissioned 

studies predicted the escalating demand would represent an unsustainable burden 

on health resources (7, 8). However, service development did not occur in a strategic 

and proactive manner, with many dialysis services established in response to a 

capacity crisis. Critically the geographical mismatch between service demand and 

service location persisted, with more than 75% of patients receiving treatment in the 

NT having resided in a remote area at the time of diagnosis. The adhoc approach to 

service development also resulted in inadequate consideration of the social, cultural 

and linguistic diversity of the patient population and how these differences might 

affect the uptake of services (6). A model of care that requires relocation away from 

family, community and support networks, has significant health, psychosocial and 

economic ramifications for patients and their families.  
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There was a perception that Aboriginal patients, particularly those in the NT, had 

poorer dialysis attendance and consequently poorer outcomes overall, compared to 

non-Aboriginal people (9). In part this perception supported the limited availability of 

dialysis models for Aboriginal people (10-12). Speculation as to why Aboriginal 

patients didn’t engage with dialysis services, included inexperience with and 

unfamiliarity with technical equipment (13), differing world views about health and 

health stories (14) and the difficulty of incorporating the rigors of the maintenance 

dialysis regime with a highly mobile, sometimes nomadic lifestyle (15).  

Generally, the uptake of prescribed care, regardless of ethnic or cultural background 

is impacted by personal, social, clinical, and environmental factors which disrupt 

access to and utilisation of health services. Shippee suggests these combined factors 

operate in a dynamic state, appearing and accumulating over time, interacting with 

each other in emergent and cyclical ways (16). This has been termed ‘cumulative 

complexity’ and defined as the imbalance between a patient’s workload (everyday 

life demands, job/family as well as treatment burden and deteriorating disease) and 

their capacity (physical mental functioning, socioeconomic resources, social support, 

family, literacy, attitudes/beliefs) to manage (17).  

For Aboriginal patients permanently relocated away from family and support 

networks, undertaking a personally intense but lifesaving treatment, this imbalance is 

severely exacerbated, critically impacting their mental health and ability to adhere to 

treatment requirements and seeking ways to reset the imbalance. With more than 

85% of people receiving dialysis identifying as Aboriginal and 75% of those relocated 
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from a remote area, there is a significant geographical mismatch between service 

demand and service access. (Figure 7.1).  

 

 

Figure 7.1: Mismatch between service demand and service location 

 

The limited availability of dialysis models of care (DxMoC) in remote areas resulted in 

waiting lists and the implementation of a selection process. Patients who adhered to 

prescribed treatments, were clinically well and therefore less likely to require acute 

services, were deemed suitable for care in a remote model.  

We previously hypothesized that there was an association between dialysis 

attendance and DxMoC that flowed two ways, influencing the utilisation of acute 

health services and the DxMoC available to the individual. Evidence suggests that a 

patient’s preference for a treatment model and acceptability of that treatment 
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model is reflected in adherence with and uptake of care (18-20). Following that line 

of reasoning, it could be argued that providing services closer to home and in 

community would meet a patient’s preference for a DxMoC, improve dialysis 

attendance, reduce hospitalisations and improve health outcomes (Figure 7.2). 

 

 

Figure 7.2: Influencers of access to a DxMoC 

 

However, in comparison to urban services, dialysis service delivery models in remote 

areas are more expensive (21) and decisions regarding the establishment of different 

dialysis models have been based on the costs to the payer. In the NT and more 

broadly Australia, this takes the state and/or Territory government perspective – the 
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responsible funding body for renal replacement therapy (22). However, the broader 

impact on downstream health service use and consequences of poor treatment 

uptake, arguably stemming from a lack of patient acceptance and engagement with 

some models (23-25), has not been quantified and therefore not incorporated into 

cost studies. Patients and communities have long advocated for more equitable, 

accessible care that considers the cultural requirements of individuals and families 

(26-29) and this argument suggest acceptable treatment models improve uptake of 

care and effect downstream health service utilisation. 

7.5  Context of Study 

The Dialysis Models of Care (DxMoC) project, a multidisciplinary, cross organizational 

funded study, arose out of the need to provide definitive answers on the costs and 

benefits of different dialysis service delivery models in different locations. The broad 

aim was to improve the understanding of the health, social and economic impacts of 

the seven most common types of dialysis models of care DxMoC available in the NT 

(30). Under this broader project we analysed clinical and administrative health data, 

financial health data and patient experiences data.  

Ethics Approval 

This project received approval from the Joint Department of Health and Menzies 

School of Health Research Committee (HREC 2015-2334) and the Central Australian 

Health Research Ethics Committee (HREC 15-283). Aboriginal co-researchers were 

employed on the project and gave consent for their cultural knowledge to be 



Page 173 

included in the analysis. Participants interviewed as part of the qualitative 

component provided written consent. 

The definition and description of each of the seven dialysis models is outlined in 

Table 7.1. 

Table 7.1: Dialysis Models of Care (DxMoC) available in the NT 
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7.6  Programs of Work  

We analysed health activity data including dialysis attendance, overnight 

hospitalisations, emergency department (ED) presentations and length of stay, by the 

DxMoC received. We explored and modelled factors associated with different 

categories of dialysis attendance rates and subsequent outcomes, including but not 

limited to: age; dialysis vintage; remoteness of residence prior to commencing 

dialysis; select comorbidities and DxMoC. When adjusted for these factors, we found 

significant variation by DxMoC. Low dialysis attendance and higher other health 

service use such as ED presentations and overnight hospital admissions were 

associated with urban models for relocated Aboriginal people. In contrast, higher 

dialysis attendance and few hospital admissions were associated with receiving care 

in a remote or rural based model. There was no difference in the age or multi-

morbidity status of patients attending urban versus remote services (Chapter 4).  

The economic analysis included an assessment of the establishment and service 

delivery costs of each model and noted that costs were particularly sensitive to 

staffing models. For services in rural areas, collocated with regional hospitals, there 

were efficiencies to be gained from sharing resources, storage and supply lines. 

Remote based services were the most expensive due to the rotating staffing model 

and self-care therapies the least expensive, in-line with national and international 

studies (31). However, the elongated training time for Aboriginal patients in the NT, 
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made the first year cost for the self-care modalities significantly higher than in other 

studies (21). 

We also analysed the costs of other health service activity associated with each 

DxMoC. Observed hospital costs per patient year were significantly higher for urban 

models and the lowest for remote models. Modeling worst case/best case scenarios 

showed the incremental cost difference for a relocated Aboriginal person dialysing in 

the urban area incurred an additional $10 785 of hospital costs per year when 

compared to dialysing in a remote area. When the service delivery costs were added 

to the hospital costs the differences in total costs between urban and remote models 

was considerably reduced. (Gorham 2021 under review). 

The qualitative work included a combination of review of historical grey and 

published literature on the impacts of medical relocation and dislocation (29, 32-41); 

contemporary feedback in the form of one on one, semi-structured interviews with 

patients and their families, clinicians, policy makers and community service 

providers; workshops with Aboriginal co-researchers using interpreters; and 

engagement with patient reference groups and their families/carers.  

Themes from this work included: 

1. Loss of a meaningful life: the loss of employment, standing in community 

(stranger on another’s land), inability to participate in cultural activities, 

inability to contribute to or fulfill family, community and cultural obligations. 

In community - loss of leadership, cultural authority and knowledge from the 



Page 176 

relocation of Elders and in some cases, this contributed to a level of 

community disfunction. 

2. Financial worries and stress: Loss of community housing and potential 

homelessness. High cost of living in urban areas including inappropriate and 

costly urban accommodation options, inability to control visiting kin who use 

resources but do not contribute, food insecurity, limited access to traditional 

foods and expensive shopping alternatives, difficult transport systems to 

navigate with expensive alternative, inability to share resources and costs 

with an extended family. Challenges navigating multiple health, housing and 

social support systems. 

3. Loneliness, depression and worry. Loss of connectedness with community, 

country and family. Costly transport options to return to community results in 

isolation, or alternatively, extended community visits with loss of urban 

accommodation and risk of hospitalisation. For some - worry about 

supervision of children and grandchildren and missed opportunities to pass 

on cultural knowledge. 

7.7  Objectives  

Our vision was to complete an economic analysis of the different DxMoC that would 

include synthesis of the health service activity, health service costs and patient 

experience. The patient perspective was crucial to the evaluation and therefore it 
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was important that meaningful engagement with Aboriginal patients and 

communities occurred in the collection, analysis and validation of the findings.  

We also wanted to make the findings accessible to all stakeholders. Information upon 

which service planning decisions are based, are often inaccessible to patients/carers 

and even clinicians. However, patients and their families are particularly 

disadvantaged as they have little agency regarding policy decisions that have 

profound impacts on their everyday life. The principles of accessible and equitable 

service provision also include transparent processes that provide access to 

information on which decisions are made. In this respect, accessible also means 

access to linguistically and culturally interpretable data. Data that not only inform 

decision makers but assist all stakeholders to understand the basis for decisions. 

There were several challenges to this process, including the complex cross-cultural 

environment in which we were working. In this paper we present the rationale for 

developing a value for money framework, describe the overall co-design process 

used, identify the key features of the process and the challenges we encountered. A 

subsequent paper will focus specifically on the process undertaken to support the 

Aboriginal co-researchers to contextualise and develop their culturally defined 

articulation and representation of the framework.  

7.8  Aim  

Our aim was to develop a process that increased stakeholders’ access to and 

participation in the assessment of the costs and benefits of different DxMoC. 
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Through a participatory and co-design process, we aimed to develop a VfM 

framework that included multi-stakeholder (policy makers, clinicians, patients/carers) 

perspectives and world views and thus facilitated a shared understanding of the 

values of importance to each stakeholder group. 

7.9  Study design and setting 

In the context of publicly funded health systems and the allocation of scarce 

resources, a rigorous economic analysis is important. Economic evaluations require 

assessors to identify, measure, value and compare the costs and consequences of 

alternative courses of action (programs or policies) (42). Programs are often assessed 

(largely due to time and resource constraints) on relatively narrow parameters or 

over short time horizons and therefore may not consider the full range of 

consequences. Difficulties also arise in the attribution of monetary values to social 

outcomes (43). We explored a range of economic evaluation approaches. A cost-

effectiveness analysis methodology using existing multi-attribute utility instruments 

(MAUI) (such as EQ5D, SF6D), to measure health and quality of life outcomes was not 

considered appropriate in our particular cross-cultural context. Concerns existed 

regarding the generic nature of the quality-of-life measures and the appropriateness 

and validity of these instruments for measuring wellbeing and quality of life for 

Aboriginal people (44, 45).  

We considered a value for money (VfM) approach a ‘good fit’ for our context. We 

were evaluating a program that operates in a complex environment, for a hard to 
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reach and underserved population, with culturally and linguistically diverse needs. 

The approach also allows the inclusion and synthesis of information from a variety of 

sources including quantitative, qualitative and economic data (46). 

VfM frameworks are based on the ‘rubrics’ concept, originally developed in the 

education sector (47). A rubric sets out a number of criteria or objectives for a piece 

of work and then allocates descriptions of standards of what achieving or failing to 

achieve that objective would look like. Rubrics are also used in other fields such as 

health and program evaluation (48, 49), particularly for complex and hard-to-

measure programs, such as those implemented by global charities (50, 51). This type 

of approach is attractive because it can include both qualitative and quantitative data 

and through explicit evaluative reasoning, judgments based on logical arguments and 

evidence can be made collectively by multiple stakeholders (52). The process can 

assist funders identify whether there are benefits to the community beyond the 

immediate outcomes.  

The usefulness of this approach for our project is that it allowed us to combine both 

the data-driven and theory-driven research components of the evaluation (53).  

VfM Frameworks are assessed against the 4 Es of economy, efficiency, effectiveness 

and equity (43, 54). The inclusion of equity is particularly important in the context of 

providing accessible services for remote residing patients. The 4 Es when applied to a 

program logic that includes resources, activities, outputs, outcomes and impacts; can 

be conceptualised together as: Economy - what resources ae required; Efficiency - 
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what is produced; Effectiveness - what are the outcomes; and Equity - who benefits 

(Figure 7.3). 

 

 

*source www.valueformoney.guide 

Figure 7.3: The Four Es in Value for Money Evaluation  

 

7.10  Co-designing the Value for Money Framework 

Determining what matters  

Our co-design process for the VfM framework engaged clinicians, policymakers, 

service providers, patients and Aboriginal and non-Aboriginal researchers. Given the 

very different world views, language barriers, imbalance in the educational and socio-

economic status of participants, it was important our co-design process facilitated 

engagement between participants and researchers in safe environments. Although 

the VfM framework stems from a western scientific concept, it was a new concept in 

our context, and it was clear that all participants would benefit from time to 
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assimilate the information on how a VfM framework is developed and applied. Thus, 

our iterative process included a series of concurrent meetings, smaller 

workshops/focus groups and regular presentations of the preliminary data analysis 

with various stakeholder groups to enable participants to freely explore and test 

ideas. A table of the stakeholder meetings specific to this project is provided in the 

Appendix (Table S7.1). 

Integral to these challenges was developing a shared understanding of a VfM 

framework and ensuring Aboriginal participants were genuinely engaged in the co-

design and application of the matrix. A core team of Aboriginal co-researchers and 

cultural consultants were employed to work on the qualitative components of the 

broader project. For most of these senior Aboriginal men and women with lived 

experience of dialysis (either as a patient or carer), English was their second or third 

language. This group also reflected the cultural diversity of Aboriginal people 

accessing renal services in the NT, representing multiple lands and languages. The 

workshops were facilitated by an experienced qualitative researcher who also had a 

long-standing and trusted relationship with many of the Aboriginal co-researchers, 

and this guided their way of working (55).  

Additionally, throughout the project, our engagement with patients and their carers 

was enhanced by other intersecting projects and access to established patient 

advocacy groups. Several Aboriginal co-researchers were also involved in other 

projects exploring data specific to First Nations people. This included a project to 

establish a governance framework determined by First Nations people for data use, 
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interpretation and policy decision (56). Thus, many of our Aboriginal stakeholders 

had a growing appreciation of how data and information was used to determine 

policy and service development. Our focus throughout this process was two-fold: 1. 

to increase the understanding of patients, carers and families of how decisions on 

costs and benefits of services are made; and 2. To co-design a mechanism for the 

ongoing input of patients/carers into those decisions.  

The overall study was underpinned by three key questions:  

1. What role does place play in the uptake of dialysis services? 

2. How different are the costs between dialysis models when all health service 

costs are included? 

3. Which models best meet the cultural and social needs of patients, with 

comparatively good health outcomes and lower health care costs? 

Clinical stakeholder engagement  

The concept of a VfM Framework was introduced to clinical stakeholders in mid 

2017. Small workshops and individual meetings with nephrologists and senior nurse 

managers of the various DxMoC, focused on the process for determining specific 

criteria to assess the costs and benefits and understanding how judgements were 

made. It was emphasized that criteria must be measurable and defensible and as 

such credible evidence available to support findings. Other stakeholders, who had 

been involved in the conceptualisation of the DxMoC study and the preliminary 

analysis of the quantitative and economic data, were also engaged through small 
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focus groups, workshops and one on one interviews. This iterative process resulted in 

a set of draft criteria and examples of evidence to support each criterion.  

In a large one-day workshop, facilitated by experts in the field of VfM rubrics, 

clinicians, researchers, policy makers and community representatives gathered to 

discuss, debate and determine the criteria and standards for the matrix. This was 

followed by smaller focus group workshops and meetings. This process supported the 

engagement of time poor professionals and allowed subsequent work to be targeted 

to individuals with capacity and interest in firming the criteria.  

Aboriginal co-researcher workshops  

Concurrently, work with the Aboriginal co-researchers was exploring “what makes a 

good life on dialysis for Aboriginal people” in a series of multiple two-day workshops. 

The interpreted workshops allowed the Aboriginal co-researchers to explore a range 

of concepts using drawing and storytelling in their first languages. This enabled a 

deeper examination and interpretation of ideas and facilitated discussion with non-

Aboriginal researchers. The process was instrumental in helping us attain a more 

nuanced and richer two-way understanding of key criteria of importance from the 

patient/carer perspectives.  

The Aboriginal co-researchers had demonstrated enthusiasm for gaining a better 

understanding of the quantitative and economic data through their involvement in 

the DxMoC study. Building on the work to conceptualise what makes a good life on 

dialysis, we explored with them the underlying concepts of the value for money 
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framework, including data sources and their application in a costs and benefits 

analysis of dialysis care. Aboriginal co-researchers interpreted the criteria in light of 

their own experience and understanding and how this related to Aboriginal concepts 

of value. The data sources underpinning the criteria were characterized as the 

Number (health activity data), Money (service and hospital costs) and People 

(qualitative interview data) stories and we described the synthesis of these three 

stands as ‘Bringing it together’.  

7.11  Results 

Attaining consensus on Criteria 

The process for attaining consensus on the criteria was both incremental and 

iterative. Achieving a shared understanding and agreement on the criteria was a 

critical juncture in the developmental process. Six criteria were considered important 

to all stakeholders and included aspects of efficiency, effectiveness, equity and 

economic value.  

1. Dialysis treatments: dialysis is a life-saving treatment and is prescribed by 

clinical staff at a rate that maintains good health – usually three times a week or 

daily for some models. Lower attendance is known to result in poorer health 

outcomes and higher downstream health costs (57). Low uptake can also signify 

dissatisfaction with a service (16). 

2. Hospital admissions: renal patients have high use of hospital services with some 

evidence to suggest some models of care have higher hospitalisation rates than 
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others (58, 59). Unplanned health care is an indicator of poorer health outcomes 

and is an additional economic burden on health systems. 

3. Health outcomes: poor engagement with health services can result in 

inadequate oversight and management of concomitant chronic diseases 

resulting in higher levels of morbidity and mortality. This also increases the 

economic burden on the individual and health system and is likely to have a 

considerable impact on an individual’s physical and mental well-being (60, 61).  

4. Patient acceptability: patient preferences for a model of care influences their 

engagement with the health service and uptake of health services (18, 25, 62). 

Additionally, the concept of cumulative complexity, which states that the more 

stressors placed on a patient (e.g. loss of employment, accommodation, family 

supports coupled with resource intense complex treatments, made more 

complex through language barriers and differing biomedical world view) lowers 

an individual’s capacity to engage with health services (2, 16). 

5. Support services: relocation results in such significant changes to a person’s 

environment that they are dependent on assistance for housing, transport, 

income support and the navigation of health and social services. Sustained 

changes sap an individual’s independence and places additional stressors on 

their everyday life (63, 64) while sustained assistance has an economic impact.  

6. Cost of services: usual cost comparisons of different dialysis models of care do 

not include downstream costs of unplanned hospital use. Total health service 
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costs (dialysis treatments and hospital admissions) by DxMoC might provide a 

more informed picture of service delivery costs.  

Credible data sources and collection  

We examined all data sources collected for the DxMoC study. Initial expectations 

were that sufficiently robust quantitative and economic data would be available from 

non-health datasets, allowing a broader whole of government analysis. However, on 

examination, these data, while providing helpful information as an adjunct to the 

‘relocation story’, were less useful as credible evidence for the VfM matrix due to 

quantity and completeness. In the final assessment, the quantitative and economic 

data from the NT Health Department were considered the most robust and credible.  

Standards  

A VfM evaluation is based on reasoning as to the worth of something, as opposed to 

a preference for one thing over another. It uses standards to measure attainment or 

performance against a criterion and as such, standards must be clearly defined and 

easily differentiated from each other (49, 52). More levels (than three) reduce the 

subjectivity of judgements, with stakeholders less able to pick the ‘safe’ middle 

option. Our framework was strongly data driven with four of the six criteria based on 

analysis of quantitative or economic data and thus less open to subjective 

interpretation.  

In defining the levels of attainment (Standards) the clinicians and policy makers chose 

descriptors of Highly Acceptable to Not Acceptable. This was a conscious decision to 
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avoid issues relating to the use of a rating scale (e.g. ‘Excellent’ to ‘Poor’) that implied 

differences in clinical quality. It is accepted that health services do their best to 

provide quality care. However, operating within policy and economic constraints, 

service models may not always meet community expectations although they may be 

‘fit for purpose’.  

Dialysis attendance was the first criterion. We believed there would be a link 

between acceptability of a model and dialysis attendance and surmised dialysis 

attendance would be the key driver of performance in at least three of the other five 

criteria (health service use, health outcomes and costs) (Figure 7.2). Therefore, 

dialysis attendance rates were used to inform a Standard and the demarcation 

between Standards. Referencing existing benchmarks or standards is suggested in 

helping to set standards (51) but benchmarks for dialysis frequency are equivocal 

with prescribed number and hours per treatment session varying by centre and for 

individuals within each centre (65).  

Using the standard prescribed rate in our local context, (three treatments a week = 

156 treatments year), we initially determined four standards. This was based on the 

assumption that clinical outcomes and hospitalisations would change relative to 

missing one, two, three or four treatments a month.  

The work with Aboriginal co-researchers on the conceptualization of the matrix 

including concepts of standards/weightings for different criteria, continued during 

this period. In an early draft, the Aboriginal co-researchers articulated the framework 

as a tree and the criterion as branches of a tree, with the strong foundations of 
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culture country and family, represented as the roots and trunk of the tree. The work 

to conceptualise the Standards as the strength of each branch (strong or weak) is 

ongoing due to delays associated with the emergence of Covid-19. 

The completion of the draft matrix followed an iterative process that allowed 

feedback to be incorporated from workshops with smaller working parties, 

presentations at seminars and comments more broadly from interested committees 

and organisations. It was important that clinicians and policy makers validated the 

outputs and patients had an opportunity to interpret the findings. 

The Standards were subsequently revised to reflect the evidence. This is an 

important step in the study and an approach that was necessary. Our analysis 

demonstrated a clear relationship between dialysis attendance and hospitalisations, 

health outcomes and costs (publication under review). We found no difference in the 

significantly high rates of hospitalisations, poorer health outcomes and subsequent 

costs between missing two, three or four treatments a month (publication under 

review). Available evidence also suggests increased morbidity and mortality is linked 

to shortened dialysis treatments or missing very few treatments a year (57, 66, 67). 

Thus, the data demonstrated that there were only three categories with no 

quantifiable difference between the lower two categories of Adequate/Acceptable 

and Not Acceptable for four out of the six criteria. The reduction in standards to 

three levels did not alter the criteria, however we noted the differentiation between 

the standards for the ‘People Story’, were now more clearly defined. Standards were 
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renamed High, Medium and Low based on clinical input and (again) a desire to not 

imply difference in clinical quality.  

However, while the revised standards have been presented to clinicians and at a 

large patient forum, as noted, we have not yet had an opportunity to bring the 

Aboriginal co-researchers together to review the Standards due to Covid-19 (Table 

7.2). 
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Table 7.2: Draft VfM framework revised standards 
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7.12  Application to The Evaluation of DxMoC  

The synthesis of the evidence with all stakeholders was planned for 2020 but was 

deferred due to Covid-19 restrictions. The next logical step in this process is to 

bring all stakeholders together to review the findings and synthesis of the 

evidence once further work to refine the framework with the Aboriginal co-

researchers and patient groups is completed. This will include ways to present 

and represent the framework to facilitate shared understanding as there is a 

marked difference in the way the framework is conceptualised by the stakeholder 

groups. The matrix, with boxes of wordy descriptors developed with 

clinicians/policy makers contrasts with the visual of a tree, representing a holistic, 

interconnected system developed by Aboriginal co-researchers.  

Further, the possibility of a rating system, which allocates different weights to 

each criterion, is still to be raised with stakeholders. Important considerations in 

the discussion will include the relative value of each criterion and whether all 

criterions are rated equally. It is quite likely that each dialysis model of care will 

meet different Standards across the criteria, i.e. scoring highly on some criteria 

but less well on others. Equally crucial is whether the 4 Es are given the same 

value or whether additional consideration for economy or equity is required. The 

development and application of an appropriate rating system to the framework, 

informed by the values of each stakeholder group, will take time to finalise with 

all stakeholders.  
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Subsequent to these discussions, a matrix will be completed for each DxMoC. 

Based on the western scientific conceptualisation of the framework, an example 

of a suggested scoring matrix is presented in Figure 7.4. 

We have been able to engage culturally and linguistically diverse stakeholders 

with different world views in a co-design process, with the aim of increasing 

shared understanding of a VfM framework that incorporates a range of evidence. 

The next stage of this collaborative work will require the socialization of the 

framework to support its effective application by stakeholders.  
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Figure 7.4: Example rating framework for VfM matrix 
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7.13  Discussion 

This paper discusses our work to develop an appropriate evaluation framework 

for the assessment of the costs and benefits of different DxMoC. We have chosen 

to use a value for money (VfM) framework as it enables a determination of the 

costs and benefits from multiple stakeholder perspectives. Using a participatory 

co-design approach, we conducted a series of workshops and consultations with 

clinicians, policy makers and patients and Aboriginal co-researchers.  

The workshops with Aboriginal co-researchers were guided by a process 

developed by senior Aboriginal women, including some of the co-researchers 

(55). This particular way of working supports a safe way to talk about challenging 

issues in a cross-cultural setting and draws on Aboriginal and non-Aboriginal 

knowledge to promote increased shared bicultural understandings. Interpreters 

were used in the workshops to enable the co-researchers to speak in their first 

languages, supporting deeper conceptual exploration and interpretation. The 

process, also allowed participants to conceptualise, clarify and interpret the 

matrix at their own pace. 

Through these concurrent but different processes, we identified criteria 

considered important to each group and assessed the quantity and quality of data 

available to support conclusions. We attained agreement on six criteria, covering 

qualitative, quantitative and economic data sources. Criteria were mapped 

against the 4 Es of Economy, Efficiency, Effectiveness and Equity. The inclusion of 

equity, which spans the other three Es, was particularly important in the context 

of this study, which was considering the effective and efficient allocation of 
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resources to an under-serviced, hard to reach and culturally and linguistically 

diverse population. 

The VfM approach enables a collaborative process between different 

stakeholders, often with considerably different world views, to attain a shared 

understanding of matters of importance. Our aim was to develop bicultural 

representations of the matrix that could be used to communicate effectively with 

a diverse range of audiences. This process is not one that can be rushed and 

requires trusting relationships between all stakeholders. Our process was 

interrupted by the pandemic, although the hiatus has affected our work with the 

Aboriginal co-researchers more than other stakeholders. Nonetheless we also 

recognise that even after the framework is developed, the implementation and 

application may require another process. Wilson et al found that despite the 

collaborative nature and co-design of their rubric (matrix), post development, 

stakeholders did not feel confident applying it in real world situations (68). They 

concluded that all stakeholders required ongoing education and training in the 

application of the framework.  

Limitations  

Our approach to the development of the VfM framework by necessity took an 

agile approach. The emergence of Covid-19 severely impacted our ability to work 

closely with Aboriginal co-researchers, patients and patients/carers. As we enter 

2021, there is still concern in communities and amongst patient groups regarding 

their vulnerability and susceptibility to infection. We will work with stakeholders 
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to develop appropriate mechanisms and processes (such as workshops using 

Zoom and Skype) that will enable this work to be completed in 2021.  

The iterative process allowed us to determine early in the analysis that not all 

evaluation questions were answerable. Quantitative and economic data from 

many non-health sources were either incomplete, insufficient or lacked 

credibility. Setting of the standards by stakeholders without the evidence proved 

to be a subjective process but due to the data-driven aspects of the study, there 

was clear evidence that fewer standards were appropriate. 

7.14  Conclusion  

We have taken a novel approach to the value for money analysis of different 

DxMoC. A VfM framework offers an opportunity to provide an economic analysis 

that is easily interpreted, generally understandable and accessible to all 

stakeholders. As a methodology, the process is attractive as it provides 

opportunities to integrate the differing priorities of clinicians, health service 

providers/funders and patients/carers. All stakeholders were involved in the 

process of deciding the issues of importance, the evidence required and the 

credibility of the analysis. As a result, there is shared agreement for the basis of 

future judgements. Additionally, this process provides a mechanism for the 

sharing of ‘accessible’ information with stakeholders and patients/carers, 

potentially providing transparency to service planning decision making. 

The VfM framework is a complex concept to grasp and even more so where 

different world views, language barriers and the nuances of terminology 

challenge our communication efforts to achieve shared understandings. However, 
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the participatory process supports the engagement of participants in sharing of 

values and assists the two-way knowledge exchange so that all stakeholders have 

a greater appreciation, understanding and respect for the values held by others. 

This is exciting and innovative work and will deliver a long overdue assessment of 

the costs and benefits of different dialysis models of care, and critically, one that 

includes the views of all stakeholders. 
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7.15  Chapter Seven Summary and Key Messages 

1. The complex environment of dialysis service delivery in the NT presents 

challenges to determining the most appropriate approach for the 

assessment of costs and benefits of different dialysis models of care. 

2. A Value for Money framework offers a method that allows the synthesis of 

multiple data sources and the inclusion of multi-stakeholder perspectives in 

the analysis. 

3. The participatory engagement process enables the equal contribution of all 

stakeholders in the determination of criteria of importance and values. 

4. The process requires time to enable genuine engagement of all stakeholders 

and two way sharing of knowledge, understanding and respect for the values 

held by groups of different world views. 
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Chapter 8  Discussion, Conclusion and Policy 

Implications 

8.1  Chapter Overview 

This chapter is an overview of the study findings and discusses implications for 

renal service development in the NT and more broadly Australia. It comments on 

the challenges of undertaking a mixed methods study and one that sits within a 

broader body of work.  

8.2  Declaration of Authorship 

Gillian Gorham designed and drafted this chapter. Review and edits by Alan Cass, 

Kirsten Howard and Joan Cunningham.  
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8.3  General Discussion 

The aim of this thesis was to address a knowledge gap in the evidence relating to 

the cost-benefits of different models of dialysis care. More than 85% of people 

receiving renal replacement therapy in the Northern Territory (NT) identify as 

Aboriginal people, and three quarters of them moved from a remote area for 

treatment. One might think that the needs of this group, who make up a 

substantial proportion of all people requiring kidney treatment, shape renal 

service delivery in the NT. But this was not the case. Despite substantial 

publications, reports, reviews and strong advocacy over many years regarding the 

impacts arising from NT dialysis service delivery models, there has been little in 

the way of robust quantitative or economic assessment of the cost impacts of 

service models and the attendant social, health and economic consequences. 

Perhaps the need to undertake this work, was masked by the silo-like nature of 

government services.  

This study was shaped by my close, long-term involvement in renal service 

delivery and development in the NT. This is also evident in the referencing 

throughout the thesis, as my history with the service included contributions to 

many of the reports and analyses conducted in the previous 20 years.  

The underlying question posed in this study, “Does place matter?” is not a simple 

one. It required a mixed methods approach and the analysis of quantitative, 

economic and qualitative data, and as such, skills in these methodologies. The 

study also sat within a complex, broader project, of which I was the manager. The 

broader project, led by a multidisciplinary and cross-organisational team of senior 
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policy makers, clinicians and researchers, also covered the breadth of 

organisations and services renal patients interfaced with – health, housing, 

education, and Aboriginal medical services. The overarching aim of the project 

was to investigate the broader impact of different dialysis models of care from a 

whole of government perspective. 

While my involvement in the project afforded opportunities to work with people 

who had the requisite methodological skills for my thesis, the breadth of the 

broader project also presented a distraction to my thesis focus. It was not 

possible within my study to address all the knowledge gaps and it was a challenge 

to articulate that restraint.  

My hope is that the findings from this work provide useful information, with real 

world application, to the future planning and funding of renal services in the NT.  

8.4  Summary of Findings 

Renal service development in the NT 

A review of the development of renal services in the NT over the previous thirty 

years is set against a background of numerous reports identifying and warning of 

the escalating growth in end stage kidney disease. This growth was driven by the 

over-representation of Aboriginal people with kidney disease, the majority of 

whom lived in remote and very remote areas of the NT. The development of renal 

services rarely took an organised, strategic approach with consideration of future 

demand in the forward planning. Rather, most increases in capacity occurred in 

an adhoc manner, usually in response to a crisis involving negative press for a 

Minister [1]. 



Page212 

Such urgent development and implementation of services failed to address the 

social or cultural needs of the primary users of the service (Aboriginal people), 

and it led to significant dissatisfaction with services [2, 3]. Communities agitated 

for, or attempted to develop their own community-driven models, some with 

greater success than others. However, the mismatch between service demand 

and service location persisted and still persists, with few people from remote 

areas able to access services at home or closer to home, even if only for a short 

period of respite [4].  

Importantly the demand for dialysis services in the NT has not abated. Services 

continue to be stretched beyond their capacity. Clinicians are often placed in the 

unenviable position of rationing dialysis treatments in urban facilities where most 

patients receive care. This sends mixed messages to patients who have been 

warned of the dangers of missing treatments and the importance of good dialysis 

attendance to maintain health [5]. 

Dialysis attendance as a proxy for patient preference  

The analysis of health service activity by dialysis model of care revealed a clear 

relationship between dialysis attendance and specific models of care. Our analysis 

focused on people who identified as Aboriginal, as non-Aboriginal people made 

up only 10% of the study population and do not utilise models in rural and remote 

areas. 

Dialysis attendance was very low in the Incentre facility (DxMoC0) which is usually 

reserved for acute cases and people starting treatment. Low attendance was also 

associated with the younger age group, new to dialysis and those from remote 
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areas. This marries with what we know of people from remote areas starting 

dialysis and younger dialysis patients who are active with work and family 

commitments [6]. Both groups have difficulty in maintaining regular dialysis 

attendance. 

Low dialysis attendance and high incidence of overnight admissions and 

emergency department presentations were also associated with Urban DxMoC1. 

Low attendance persisted after the first year on dialysis and after movement to 

urban models (DxMoC1), suggesting a continued dissatisfaction with treatment. 

Models may be fit for purpose and care delivered to the highest standard, but a 

patient’s engagement with and uptake of service is influenced by additional 

factors. Non-adherence may be a symptom of a service’s inability to meet a 

patient’s needs [7].  

Patients and advocates argue for more accessible, culturally appropriate and 

equitable services. There are few staffed models in remote areas and access is 

further limited by high demand, waiting lists and clinician approval. Self-care 

models are often considered ‘too hard’ by many [8]. Patients, therefore, have 

little alternative but to accept urban models of care (DxMoC0/1). However, these 

models of care are not organised to address the specific needs of the dominant 

patient group and renal services have struggled [9]. Urban facilities, continually 

expanding in response to demand, have been unable to address cultural 

requirements such as separate male and female entrances and treatment rooms. 

Moreover, the number of Aboriginal clinical staff employed within renal services 

is very low and the number of overseas trained staff relatively high. For example, 
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in one service, 99% of patients were Aboriginal and spoke English as a second 

language, while 99% of staff caring for them were born overseas and spoke 

English as a second language. This can lead to cultural and linguistic 

misunderstandings [10]. Together, these factors can influence a patient’s 

willingness, and even capacity, to engage with the health service. 

Thus ‘place’ in this context is much more than the geographic location of a 

service. 

Supporting patients in community 

Our analysis showed that dialysis attendance was higher in rural and remote 

models and there were lower incidences of overnight admissions, emergency 

department presentations and with some models, average days in hospital. In 

part this may be due to patient selection (that is healthier, fitter and more 

compliant patients get to dialyse in remote areas), however we did not see any 

difference in the age or comorbidities of patients between remote and urban 

models. In fact, the remote models were more likely to care for older patients. A 

possible reason for this may relate to the improved survival of patients and the 

longevity of their time at a model. Patients who have been stable on a model for a 

long time, are likely to be supported to remain on that model as they get older 

and more frail. Managers make efforts to allow patients to stay in their 

communities for as long as possible, even supporting dialysis care through 

palliation. Certainly DxMoC4 (community controlled Purple House) commenced 

as a respite model and aimed to provide elderly people as much time in their 

communities as possible. 
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Cost implications of policy 

Analysis of costs by DxMoC confirmed that remote services were more expensive. 

Costs were particularly sensitive to staffing models while infrastructure costs 

(once amortised and discounted) did not add significantly to the annual per 

patient costs in staffed facilities. However, once other health service (overnight 

hospital admissions and emergency department presentations) costs were 

attributed to each DxMoC, the incremental cost difference between models were 

substantially reduced. These costs were significantly higher for DxMoC0 and 1 

when compared to all other models. This is despite significantly lower observed 

same day dialysis costs in these models, stemming from lower dialysis 

attendance. Lower dialysis attendance also suggests an element of inefficiency 

exits in these models, as services must be prepared for all patients attending 

according to their prescription. Facility, staffing and equipment costs will not alter 

with erratic attendance.  

The self-care model of haemodialysis (DxMoC5) had the lowest DxMoC costs and 

lowest observed other health service use costs. This is in line with national and 

international studies [11]. In contrast, patients receiving self-care peritoneal 

dialysis (DxMoC6) tended to have lengthy and expensive admissions with 

admission codes indicating serious and complicated conditions. While this is not 

aligned with international studies, the findings are not at odds with local and 

national evidence that suggests poorer outcomes for Aboriginal patients utilising 

DxMoC6 [12]. 
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When all costs were modelled for best case and worse case scenarios, Aboriginal 

people from remote areas clearly had better outcomes and lower health service 

costs when dialysing in rural and remote facilities. For each year on dialysis, an 

Aboriginal person from a remote area dialysing in the urban area, would incur an 

extra $15 125 in hospital costs. 

The findings of this analysis indicate that the health system is incurring significant 

downstream health care costs directly related to dialysis service configuration. 

These findings should be sufficient to give pause to further centralisation of 

dialysis services, particularly if urban service models are not able to meet other 

requirements for patient acceptability. Moreover, the costs presented here are 

only partial cost impacts. The full impacts of relocation on the individual and 

community are yet to be quantified but there is little doubt that they are 

significant. 

Value for Money -Bringing it Together 

Developing a suitable approach for the assessment of costs and benefits of 

different models of dialysis care presented several challenges. We aimed to 

engage all stakeholders, particularly clinicians and patients who are often affected 

by policy and funding decisions but have little visibility of the evidence on which 

the decisions are based. We determined that a data and theory driven approach 

to a value for money framework was a good fit for this study. The approach was 

suited to our complex cross-cultural environment, which included different 

languages, educational and professional statuses and supported the synthesis of 

data from the different methodologies. The participatory co-design process 



Page217 

enabled an agile and flexible approach which supported genuine engagement of 

all stakeholders, particularly as face-to-face meetings were abandoned after the 

emergence of Covid-19. 

We reached agreement on six criteria of importance in the assessment of value 

for money (VfM) of different dialysis models of care. These criteria spanned the 

qualitative, quantitative and economic data sources and included dialysis 

treatments, hospital admissions, health outcomes, patient acceptability, support 

services and cost of services. The criteria were assessed against the four Es of 

economy, efficiency, effectiveness and equity in economic evaluations. 

Importantly the process delivered a shared understanding of the values of 

importance to all stakeholders. This was a significant milestone and a key 

outcome of the study. However, the bringing together of multiple stakeholder 

world views (policy makers, clinicians and Aboriginal patients) required time and 

resources. This process is ongoing, slowed by the emergence of Covid-19. The 

socialisation of the concepts across groups, the two-way sharing of knowledge, 

understanding and appreciation of values held by others, and the possible bi-

cultural representation of the framework will take some time. Evidence from 

similar work in cross -cultural environments indicates that continued education 

and support will be necessary to ensure all stakeholders are comfortable and 

confident in the application of the framework [13].  

8.5  Conclusion and Implications 

This study has important implications for renal service delivery in the NT and for 

jurisdictions where a large proportion of the dialysis population are relocated for 
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treatment. It quantifies for the first time in Australia, the overall costs of dialysis 

service delivery in different locations and presents findings on different rates of 

health service engagement in relation to where people originally resided.  

Models of care influence a patient’s engagement with health services and this in 

turn has cost consequences. 

The quantitative and economic findings support a re-examination of service 

delivery models and specifically, for a redesign of models to address the needs of 

the majority of participants attending the service. This study delivers evidence to 

support patients in their advocacy for patient-centred models of care.  

Redesigning models of care 

For a variety of clinical, logistical and financial reasons, not all patients will be able 

to have staffed care in their home or home community and not all communities 

will be suitable for staffed services. Consequently, government funders and policy 

makers must be more active in determining the most appropriate way to deliver 

services and consider the broader impact of models. Infrastructure is important, it 

is there for the long term, immovable and not readily reconfigured without great 

expense, particularly in the NT where all facilities must be cyclone coded. 

Therefore, it is exceedingly important that new facilities and services are planned 

with the patient in mind, informed by the cultural needs of the dominant patient 

group.  

Additional effort is also required to support services in remote areas and support 

communities develop staffed services that are sustainable, and community 

determined. Fly in fly out (FIFO) and rotational staffing rosters are not only 
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expensive but do not encourage or engender a sense of community belonging. 

Real efforts to increase the training of local community members in all aspects of 

facility management are needed. This necessitates a rethinking of how training is 

currently delivered. Creative, flexible and agile approaches are required to 

support in-community training. Safe and inviting work environments in remote 

areas are also needed to encourage staff with specific skills to stay for the long 

term. 

Building a workforce and treatment place that is more attuned to the cultural 

requirements of patients (retaining connectedness to family and community and 

relatedness to their environment) is a difficult paradigm shift for funders and 

policy makers with a focus on efficiencies and cost savings. This emphasises the 

importance of understanding the cost consequences of models, specifically the 

less visible downstream cost impacts associated with certain models. 

8.6  Next Steps 

Completing the Value for Money framework and specifically representation of the 

matrix with all stakeholders is the aim for the coming year (Covid-19 permitting). 

The importance of the work lies in the participatory co-design process which 

allows all stakeholders equal engagement and input in to deciding the values and 

criteria. As a result, findings from the concluded process are more likely to be 

accepted and implemented, notwithstanding the work still to be done in the 

socialisation of the framework across the different cultural groups. 
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There is incomplete work to analyse the impact on children with a parent on 

dialysis, specifically their engagement with school and educational outcomes. 

Given the dialysis population in the NT is younger and more likely to be female, 

the long term and intergenerational impacts of relocation may be substantial. The 

findings from this analysis are also important for service delivery models. 

8.7  Concluding Statement  

The outcomes of the study are timely and of interest in the NT and Australia. 

Communities continue to advocate for dialysis services closer to home. There is 

growing support from a variety of unexpected quarters and growing media 

attention on what it will take to increase the number of people receiving care at 

home.  

The Australian Government recently funded an Item under the national Medicare 

Benefits Schedule (Item 13105 Staffed dialysis in very remote areas). The item is 

specifically for primary health services in very remote areas to provide dialysis 

services under the supervision of a General Practitioner. The item does not cover 

infrastructure or training requirements. As such communities must partner with 

established organisations that have the capacity to deliver the service.  

The expansion and uptake of this item will be a slow process but one that will 

allow communities and Aboriginal people to determine the design and 

configuration of their dialysis model of care. 
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Appendices  

Chapter 1. Literature Review Methods 

The Introductory chapter was informed by an extensive literature review of the 

available evidence relating to service delivery models and costs of dialysis 

treatments for First Nations people from remote areas. The search strategy 

outlined here included peer reviewed and grey literature. Data bases for peer-

reviewed articles included PubMed, CINAHL, Scopus and Embase and an example 

list of the search terms is in Table S1.1.  

The population of interest was identified as adult Indigenous peoples from 

Australia, New Zealand, United States and Canada receiving dialysis. Articles 

relating to transplantation and palliation were not discounted if the title and 

abstract were deemed relevant to the study. The focus on Aboriginal people 

aimed to address, not only the issues of remoteness, but also social and cultural 

determinants of health. However relevant studies including or only of non-

Indigenous peoples, were not excluded.  

New Zealand and Canada were chosen as they are countries with similar rates of 

renal disease, comparable health care systems, colonial history and disadvantage 

amongst their Aboriginal people (95, 126). However Canada has an important 

similarity with a comparable geographic service delivery area and similar logistical 

issues in providing accessible services to remote and very remote populations (13) 

(19, 48). The United States was included due to relevant published literature 

relating to cost evaluations of renal replacement therapies (111, 127, 128), 
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studies relating to the impact of relocation for social or medical reasons (129-131) 

and investigations of patient preference and treatment uptake (132, 133) .  

The review specifically searched for articles relating to how services for people 

from remote areas and particularly for Aboriginal people are provided. This 

included designs of DxMoC, patient preference for a model, the importance of 

place in treatment uptake and how patient preference was determined. In 

addition the data bases were searched for cost evaluations, cost comparisons and 

cost-effectiveness of different DxMoC and cost evaluation approaches to health 

services in general. 

Bibliographies of pertinent articles were also examined for relevant literature as 

were websites, particularly relating to economic studies. The literature search did 

not follow the strict guidelines of a systematic review as described by the 

Cochrane or Joanna Briggs Institutes but included empirical and grey literature 

and articles that would not have met the stringent criteria of the search terms. 

After removing duplicates and publications deemed irrelevant based on reading 

the abstracts, over 1000 articles remained in the library. The library was added to 

throughout the study. 
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Search strategies were adjusted according to the particular requirements for each 

database. Broadly, the five search queries were:  

1. Indigenous peoples (and the nomenclature variations for Aboriginal 

peoples) from Australia, New Zealand, United States and Canada 

2. Health service delivery and health service models to rural, remote or 

underserved populations including mobile, telehealth and satellite models of 

care 

3. End stage kidney disease and renal replacement therapy including dialysis 

and transplantation 

4. Costs and cost benefits, comparisons, effectiveness, minimisation; and 

quality adjusted life year, disability adjusted life year 

5. Aboriginal health services; patient centred care; cultural safety, values, 

competence; access to care, equity, inequality; rural urban migration, 

relocation, mobility; kinship, social identity; socio economic status. 
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Appendices Table S1.1: Literature search terms 

Search Query 

#1 (MH Australia+ OR TI Australia* OR AB Australia* OR MH New Zealand OR 

TI “New Zealand” OR AB “New Zealand” OR TI Aotearoa or AB Aotearoa OR 

MH Canada+ OR TI Canad* OR AB Canad* OR MH United States+ OR TI 

“United States” OR AB “United States” OR TI America* OR AB America*) 

AND (MH Indigenous Peoples+ OR TI Maori OR AB Maori OR TI Aborig* OR 

AB Aborig* OR TI indigenous OR AB indigenous OR (TI “Torres Strait AND 

Islander*”) OR (AB “Torres Strait AND Islander*”) OR TI Inuit* OR AB Inuit* 

OR TI Eskimo* OR AB Eskimo* OR TI Metis OR AB Metis OR TI “Aboriginal*” 

OR AB “Aboriginal*” OR TI “American Indian*” OR AB “American Indian*” 

OR TI “Native American*” OR AB “Native American*”) 

#2 MH rural health services OR MH rural health OR MH rural population OR 

MH services for Australian rural and remote allied health OR MH rural 

health nursing OR MH health services accessibility+ OR MH medically 

underserved area OR MH telehealth+ OR MH mobile health units OR TI 

rural OR AB rural OR TI remote* OR AB remote* OR TI access* OR AB 

access* OR TI underserved OR AB underserved OR TI disadvantage* OR AB 

disadvantage* OR TI mobile OR AB mobile OR TI telehealth OR AB 

telehealth OR TI telemedicine OR AB telemedicine OR TI eHealth OR AB 

eHealth OR TI mHealth OR AB mHealth OR TI outreach OR AB outreach OR 

TI satellite OR AB satellite OR TI self care OR AB self care 

#3 MH renal replacement therapy+ OR TI “end stage kidney disease” OR AB 

“end stage kidney disease” OR TI “end stage renal disease” OR AB “end 

stage renal disease” OR TI “kidney replacement therapy” OR AB “kidney 

replacement therapy” OR TI “renal replacement therapy” OR AB “renal 
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replacement therapy” OR TI haemodialysis OR AB haemodialysis OR TI 

hemodialysis OR AB hemodialysis OR TI dialysis OR AB dialysis OR TI 

transplant OR AB transplant 

#4 MH costs and cost analysis+ OR MH quality-adjusted life years+ OR MH 

quality of life+ OR TI “cost benefit*” OR AB “cost benefit*” OR TI “cost 

effectiveness” OR AB “cost effectiveness” OR TI “cost utilit*” OR AB “cost 

utilit*” OR TI “cost minimization*” OR AB “cost minimization*” OR TI “cost 

minimisation*” OR AB “cost minimisation*” OR TI “cost analys*” OR AB 

“cost analys*” OR TI “cost comparison*” OR AB “cost comparison*” OR TI 

economic OR AB economic OR TI burden* OR AB burden* OR TI impact* 

OR AB impact* OR TI “quality of life” OR AB “quality of life” OR TI “quality 

adjusted life year*” OR AB “quality adjusted life year*” OR TI “disability 

adjusted life year*” OR AB “disability adjusted life year*” OR TI QALY OR 

AB QALY OR TI DALY OR AB DALY 

#5 MH health services, indigenous OR MH indigenous health OR MH cultural 

competence OR MH cultural safety OR MH cultural values OR TI “cultural 

competenc*” OR AB “cultural compentenc*” OR TI “cultural safety” OR AB 

“cultural safety” OR TI “culturally safe” OR AB “culturally safe” OR TI equity 

OR AB equity OR TI “patient centred” OR AB “patient centred” OR TI 

“patient centered” OR AB “patient centered” OR TI “access to care” OR AB 

“access to care” OR TI relocation OR AB relocation OR TI relocate* OR AB 

relocate* OR TI “rural urban migration*” OR AB “rural urban migration*” 

OR TI inequalit* OR AB inequalit* OR TI “socio economic status” OR AB 

“socio economic status” OR TI “group identit*” OR AB “group identit*” OR 



Page229 

 

  

TI “social identit*” OR AB “social identit*” OR TI mobility OR AB mobility 

OR TI kinship OR AB kinship 
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Chapter 3. Additional File  

Appendices Table S3.1: International Classification of Diseases (ICD-10AM) Codes related to 
renal replacement therapy used for identification of Renal Cohort 1 
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Chapter 4. Supplementary Material: Methods and Results 

This appendix includes supplementary information relating to the methods and 

results including cohort definition and data management for Chapter 4: “Dialysis 

attendance and health care utilisation associated with urban, rural and remote 

models of dialysis care” 

Methods 

Australia’s health system is a mixture of publicly and privately funded services. 

Dialysis treatments in the Northern Territory are fully publicly funded under a 

case mix model based on coded discharge hospital data. All haemodialysis 

treatments are entered into the NT Department of Health’s (DoH) Admitted 

Patient Care (APC) (hospital) dataset. 

Study cohort definition 

The full database population for this study was derived from the DoH’s APC 

(hospital) dataset combined with the Australia and New Zealand Dialysis 

Transplant Registry (ANZDATA) dataset.  

The APC hospital dataset contains individual episodes of patient care for the five 

parent hospitals and several satellite services in the NT, from the beginning of 

consistent electronic record keeping (1991). It includes demographic details of the 

individual (age, ethnicity, residence) and the hospital (hospital code, ward/s), as 

well as admission/separation codes and diagnosis and procedure codes (primary 

and up to 49 secondary codes) based on the International Classification of 

Diseases version 10, Australian Modification (ICD 10AM). The one private hospital 
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in the NT does not deliver dialysis treatments. ANZDATA is the data repository for 

people receiving maintenance renal replacement treatment (RRT) in Australia and 

New Zealand and contains patient level administrative and clinical data, based on 

an annual census from participating renal units.  

The full database population included: 1) any individual from the APC dataset 

with an ICD 10AM diagnosis or procedure code for dialysis or transplantation 

(Table S4.1) between the years 2000 and 2015 (n= 2844); and 2) any individual 

from the ANZDATA dataset who registered as ever having dialysis in the NT 

between 2000 and 2015 (n=1390).  

Table S4.1 includes the ICD 10AM diagnostic and procedure codes used to identify 

RRT admissions and create the ‘database population’ from the NT Department of 

Health Admitted Patient Care Hospital Dataset 1991-2015. 
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Appendices Table S4.1: ICD 10AM codes used to identify database population from hospital 
dataset 

 

 

Data management  

The two datasets were linked by a third-party jurisdictional data linkage agency 

(SA/NT Datalink) following standard ethical systems and protocols. SA/NT Datalink 

is an independent agency based at the University of South Australia. Using 

probabilistic matching, de-identified individuals across data sets were linked and 

assigned a unique identifier. Due to the voluntary nature of the ANZDATA 

collection, a one to one (1:1) match with the hospital dataset was not expected 

ICD 10AM Procedure Code

13100-00=Haemodialysis

13100-01=Intermit Haemofiltration

13100-02=Cont Haemofiltration

13100-03=Intermit Haemodialfiltration

13100-04=Cont Haemodialfiltration

13100-06=Peritoneal Dialysis (PD) short term

13100-07=Intermit PD long term 

13100-08=Cont PD long term

13109-00=Insertion and fixation of PD catheter

13109-01=Replacement of indwelling catheter

13110-00=Removal of indwelling catheter

13112-00=PD with temporary catheter

36503-00=Kidney transplant

36503-01=Reimplantation of kidney

90351-00=Removal of temporary PD catheter

ICD 10AM Diagnosis Code

T85.71=Infection and inflam reaction due to PD catheter

T86.1=Transplant rejection 

Y84.1=Kidney dialysis (Other med proc as a cause)

Z49.0=Preparatory care for dialysis

Z49.1=Extracorporeal dialysis

Z49.2=Other dialysis

Z94.0=Kidney transplant status

Z99.2=Dependence on renal dialysis 
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and one hundred and thirty-two (132) individuals in the hospital dataset were not 

present in the ANZDATA set. Sixty-seven (67) individuals in ANZDATA dataset did 

not match any individuals in the hospital data set. These 67 individuals were 

excluded as hospital activity data was not available for analysis. The datasets 

included all hospital admission and registry data for eligible patients.  

The full database population of 2844 individuals were then linked with activity 

data from two additional data sets: a) interstate patient travel information 

(n=171); and b) dialysis data from (n=189) individuals receiving care in DxMoC4 

and DxMoC5. This was necessary because inconsistencies in data entry for these 

models led to some gaps in attendance data, however, manual compilation of 

activity between 2008-2014 was possible and linkage with the hospital data set 

was undertaken by an independent linker not associated with the project.  

The final study population (n=1003) included individuals who had any RRT for 

more than three months continuously (to eliminate acute and short-term dialysis 

support including patients visiting from elsewhere on holidays), between the 

years 2008 to 2014. This date range was chosen as some models of care only 

became fully established after 2008 and the additional activity data (for DxMoC4 

and DxMoC5) was provided to the end of 2014. Restricting the analysis of 

patterns of health service utilisation to 2008 to 2014 ensured sufficiently robust 

activity data across all models was available for the analysis.  

Patients were excluded if they were 16 years and younger at 2008 or did not have 

at least one admission after 2008 – to exclude patients who left the NT and were 

therefore not eligible for inclusion.  
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All available admission data pre 2008 was also retained for the purposes of 

identifying home residence and health status (comorbidities) prior to 

commencing dialysis.   

Determining treatment modality 

Each admission was aligned with a RRT treatment option of haemodialysis (HD), 

peritoneal dialysis (PD) or transplant based on diagnosis or procedure codes 

(Table S4.2). Relevant diagnosis and procedure codes were present for all patients 

for at least one admission a year but not all admissions contained a RRT relevant 

code. 
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Appendices Table S4.2: ICD 10AM diagnostic and procedure codes used to establish dialysis 
model of care 

 

 

Comorbid conditions 

Table S4.3 identifies the ICD 10AM codes (collapsed to group level) used to 

identify and map comorbid conditions for each admission. Once a comorbid 

condition was present it was carried forward to other admissions if not already 

present. Comorbidities were chosen for their relevance as kidney disease risk 

factors and concurrent chronic diseases considered to have a significant impact 

on health outcomes of kidney patients.   

 

 

ICD 10AM Procedure Code

13100-00=Haemodialysis

13100-07=Intermit PD long term 

13100-08=Cont PD long term

13109-01=Replacement of indwelling catheter

13110-00=Removal of indwelling catheter

ICD 10AM diagnosis Code

Z49.1=Extracorporial dialysis

Z94.0=Kidney transplant status

AR-DRG Code

L61Z=HD

L68Z=PD
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Appendices Table S4.3: ICD 10AM codes used to identify presence of comorbid conditions for each admission in Final Study Population 2008-2014 

 

 

 

Variable ICD 10 Group High level description

Diabetes E10-E14  Diabetes mellitus

O24 Diabetes mellitus in pregnancy

Obesity E65-E68   Overweight, obesity and other hyperalimentation

Hypertension I10-I15  Hypertensive diseases

Cardiac disease I20-I25   Ischemic heart diseases

I26-I28   Pulmonary heart disease and diseases of pulmonary circulation

I30-I52   Other forms of heart disease

Cerebrovascular disease I60-I69   Cerebrovascular diseases

Vascular disease I70-I79   Diseases of arteries, arterioles and capillaries

I80-I89   Diseases of veins, lymphatic vessels and lymph nodes, not elsewhere classified

I95-I99   Other and unspecified disorders of the circulatory system

Endocrine, nutritional and metabolic diseases and disorders of circulatory system
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Residence pre RRT and Relocation  

To determine whether an individual relocated for treatment and whether any 

treatment was received at or closer to home, we identified home address (to 

suburb level) for each admission episode that occurred in the 24 months prior to 

commencement of RRT, taking the earliest admission address as the residence 

pre RRT start. Less than 1% of patients did not have an admission in the 24 

months prior to RRT start. Patients were categorized as ‘Relocated’ when they 

lived outside the urban areas of Darwin and Alice Springs prior to commencement 

of RRT. 

Remoteness of communities was determined by mapping residence pre RRT start 

to the Modified Monash Model (MMM) which categorises areas according to 

remoteness. Activity was separated by region, Top End (TE) and Central Australia 

(CA), to align with health service responsibility in the NT.  

Variable definitions  

Outcome and exposure variable definitions (descriptions and calculations) are 

shown in Table S4.4.  
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Appendices Table S4.4: Description of available and created Outcome and Exposure variables in Final Study Population data set  

 
Variable Variable label Value Calculation Type

year Year of admission Continuous 

(2008-2014)

Year of admission date Exposure

indig Ethnicity (Aboriginal) Categorical 

(0= Not Aboriginal; 1=Aboriginal)

Hospital coding - collapsed to 'Aboriginal or Torres Strait 

Islander' or 'Not'

Exposure

gender Gender (Male) Categorical 

(0= Female; 1=Male)

Hospital coding Exposure

region Region (TE) Categorical 

(0=Central Australia; 1=Top End)

Based on hospital coding Exposure

Orig_district Residence pre RRT stratified by 

NT Health Service district

Categorical 

(1=Darwin; 2= Darwin rural; 3=Tiwi Islands; 

4=East Arnhem; 5=Daly West Arnhem; 

6=Katherine; 7=Alice Urban; 8=Alice rural; 

9=Barkly; 10=Central Desert; 11= Western 

Based on hospital coding of Locality codes allocated to NT 

Health Service district 

Exposure

Reloc_flag Relocated Categorical 

(0=Not relocated; 1=Relocated)

Flagged if NT Health Service District not equivalent to Darwin 

or Alice Springs

Exposure 

Orig_MM7 Remoteness of residence pre-

RRT start

Categorical 

(1=Outer regional; 2=Remote; 3=Very 

remote; 4=Interstate)

Modified Monash Model classification for areas of 

remoteness *Outer regional= Urban

Exposure

admage Age at date of admission Continuous 

(18-84)

Calculated from date of birth and date of admission Exposure

admage_cat Age at date of admission 

category

Categorical 

(0=<30yrs; 1=30-39yrs; 2=40-49yrs; 3=50-

59yrs; 4=60-69yrs; 5=>70yrs)

Age at admission stratified into 6 categories Exposure

RRT_start Date of RRT commencement Ordinal

dd/mm/yyyy - Interval

Used as interval variable to calculate time on RRT and time in 

study

Exposure

dxtime_cat Time on dialysis at time of 

admission category 

Categorical 

(0=<1 yr; 1=>1-2yrs; 2=>2-3yrs; 3=>3-4yrs; 

4=>4-5yrs; 5=>5yrs)

Calculated from RRT start date to date of admission and 

stratified by 12 month periods for first 5 years

Exposure

DxMoC Dominant dialysis model of care Categorical 

(0=DxMoC0; 1=DxMoC1; 2=DxMoC2; 

3=DxMoC3; 4=DxMoC4; 5=DxMoC5; 

Determined by majority model attendance over 3 week 

rolling period

Exposure 

MoCyr_tar Proportion of year exposed to 

DxMoC

Continuous 

(0-1.0)

Proportion of year spent in DxMoC (base unit =weeks) minus 

iLTFU and time interstate

Exposure

MoCdxatt_cat Category of calculated dialysis 

attendance by DxMoC/year

Categorical 

(1=High:144-156; 2=Medium:132-143; 

3=Low:<132)

Dialysis attendance stratified into high, medium and low 

attendance 

Exposure
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Appendices Table S4.4: Description of available and created Outcome and Exposure variables (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Variable label Value Calculation Type

DM Diabetes Mellitus Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

CVD Cerebrovascular Disease Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

CAD Cardiovascular Disease Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

Hyptn Hypertension Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

Obesity Obesity Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

VascD Vascular Disease Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

iLTFU Intermittent lost to follow up Categorical 

(0=No; 1=Yes)

Flagged for each week if attendance data (dialysis and 

hospital) is absent => 52 weeks for haemodialysis patients 

Outcome

ltfu_time Period of intermittent LTFU time Continuous 

(0-2.75)

Calculated from iLTFU, minimum of 52 weeks Used in calculation 

of time at risk

calcMoC_att Calculated outpatient dialysis 

attendance by DxMoC/year

Continuous 

(0-156)

Number of dialysis treatments by DxMoC, divided by time 

(weeks) in DxMoC x 52 (weeks) to represent yearly rate

Outcome

MoChosp_adm Rate of hospital admissions by 

DxMoC/year

Continuous 

(0-40)

Sum of overnight admissions while exposed to a DxMoC Outcome

yrlyhosp_adm Annual rate of hospital 

admissions

Continuous 

(0-40)

Sum of overnight admissions by year per patient Outcome

MoCEDpres Rate of ED presentations by 

DxMoC/year

Continuous 

(0-50)

Sum of Emergency Department presentations while exposed 

to a DxMoC

Outcome

yrlyED_pres Annual rate of ED presentations Continuous 

(0-50)

Sum of Emergency Department presentations by year per 

patient 

Outcome

MoC_los Number of inpatient days by 

DxMoC/year

Continuous 

(0-365)

Total days as inpatient while exposed to a DxMoC Outcome

yrly_los Number of inpatient days /year Continuous 

(0-365)

Total days as inpatient by year per patient Outcome

LTFU Lost to follow-up Categorical 

(0=No; 1=Yes)

Based on 'missing' data to end of observation period with no 

indication of death 

Censoring

stdy_status Status at end of study Categorical

(1=Alive; 2=Dead; 3=LTFU)

Censored at end of study as Alive, Dead or LTFU Outcome
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Results 

Tables S4.5, S4.6 and S4.7  

Table S4.5 describes the mean age at admission of Aboriginal people by DxMoC 

and Table S4.6 identifies the proportion of Aboriginal patients with a select 

comorbid condition attending each DxMoC. Patients can have more than one 

comorbid condition. Both tables represent aggregated data between the years 

2008-2014.  

In relation to the mean age (Table S4.5), there is little difference between DxMoC, 

although the mean age for those attending rural and remote services is slightly 

older than those in other models.   

 

Appendices Table S4.5: Mean age at admission of NT Aboriginal patients by DxMoC, 2008-2014 

 

 

 

Similarly, there is little difference between the models in the proportions with 

specific comorbidities (Table S4.6), although DxMoC0 and to some extent 

DxMoC1, have lower proportions of patients with most comorbid conditions 

compared to those in rural and remote models (Table S4.5). This would indicate 

Mean age SD

Incentre MoC0 50 10.9

Urban MoC1 52 10.9

Rural MoC2 52 10.5

Remote MoC3 55 7.7

RemoteCC MoC4 54 10.9

SC HD MoC5 51 10

SC PD MoC6 50 11.8
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that age and the presence of comorbid conditions do not completely account for 

the higher rates of hospital admissions seen at DxMoC0 and DxMoC1. 

Table S4.7 displays the contribution of individual exposure variables to the mean 

annual dialysis attendance for patients receiving haemodialysis, therefore 

DxMoC6 (selfcare peritoneal dialysis) is not included.  
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Appendices Table S4.6: Proportion of Aboriginal patients with a specific comorbid condition by DxMoC, 2008-2014  

 

 

 

Incentre MoC0 80% (77-82) 57% (54-60) 45% (42-48) 13% (11-16) 95% (94-97) 7% (5-8)

Urban MoC1 86% (85-87) 61% (59-63) 59% (57-60) 18% (17-20) 98% (97-98) 8% (7-9)

Rural MoC2 89% (86-91) 69% (65-72) 58% (54-62) 12% (10-15) 97% (96-98) 3% (2-4)

Remote MoC3 83% (76-89) 61% (52-69) 55% (47-64) 10% (6-17) 100% (97-100) 4% (2-9)

RemoteCC MoC4 92% (88-95) 55% (54-61) 61% (55-66) 19% (14-26) 98% (96-99) 8% (5-11)

SC HD MoC5 87% (82-91) 76% (70-81) 61% (55-68) 16% (12-21) 94% (91-97) 7% (4-10)

SC PD MoC6 74% (69-79) 60% (54-65) 60% (54-65) 11% (8-15) 97% (94-98) 6% (4-10)

Diabetes 

% (95% CI)

Cardiac

%  (95% CI)

Vascular

%  (95% CI)

Obesity 

% (95% CI)

Hypertension

%  (95% CI)

Cerebrovascular

%  (95% CI)
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Appendices Table S4.7: Mean annual dialysis treatments by exposure variables for Aboriginal 
patients 2008-2014 

 

 

 

  

Annual dialysis treatments  

Univariate linear regression 

Mean (95% CI) P value

Gender Female 132 (131-133)

Male 130 (128-131) 0.007

Region Central Australia 127 (126-129)

Top End 136 (135-138) <0.001

Residence pre RRT  Urban 135 (129-141)

remote 130 (126-133) 0.044

very remote 131 (130-133) 0.235

interstate 115 (100-130) 0.008

Admission age <30 years 124 (118-130)

30-39 125 (121-128) 0.904

40-49 129 (127-131) 0.162

50-59 131 (129-133) 0.036

60-69 137 (135-139) <0.001

>70 141 (136-146) <0.001

Time on dialysis  <12mths 124 (121-128)

1-2 yrs 125 (122-128) 0.747

2-3yrs 129 (126-132) 0.045

3-4yrs 130 (127-132) 0.025

4-5yrs 134 (130-137) <0.001

>5yrs 136 (134-137) <0.001

DxMoC Incentre MoC0 97 (92-101)

Urban MoC1 131 (129-132) <0.001

Rural MoC2 143 (140-145) <0.001

Remote MoC3 142 (136-147) <0.001

RemoteCC MoC4 147 (141-152) <0.001

SC HD MoC5 129 (124-133) <0.001
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Chapter 5. Additional Files   

Additional file 1 is Table S5.1 comparing study location designations and the 

official Australian classification for remoteness. 

 

Appendices Table S5.1: Geographic classification of study sites compared to local terminology  
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Additional file 2 is additional information on the development and role of Purple 

House.  

What is the “Purple House?” 

What is now the ‘Purple House’ was known until recently as Western Desert 

Nganampa Walytja Palyantjaku Tjutaku Aboriginal Corporation. A registered 

charity with Deductible Gift Recipient Status (DGR), the organization was 

formally incorporated in the NT in 2003. Initially it provided social and cultural 

support plus a limited respite dialysis service for remote Aboriginal patients 

(and families) of the Western Desert homelands area centred on the very 

remote communities of Kintore and Kiwirrkurra, 500+ kilometres east of Alice 

Springs. In the preceding years it had become clear to those Aboriginal 

patients, their families and supporters that Governments, Health Departments 

and politicians would neither extend staffed services to their remote 

homelands, nor concede that health itself was dependent on patients 

maintaining connections to family, community and country.  

So together with their art centre, Papunya Tula Artists, Sotheby’s auction house 

and Curator Hetti Perkins from the Art Gallery of NSW, they painted some 

incredibly beautiful paintings. The paintings were auctioned at the Art Gallery 

of NSW in November 2000 and raised over a million dollars in a single night.  

It was a million dollars of independent money, not government money. This 

was their chance. A chance to create their own model of care. A model that 

was safe, sustainable, with cultural priorities at the front and centre. It needed 

to be community-controlled with real ownership. [Brown 2018:105] 
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Thus, the Western Desert Nganampa Walytja Palyantjaku Tjutaku Aboriginal 

Corporation, lately the formally re-named ‘Purple House’ arose. Things have 

not looked back since then!    

The Purple House is governed by a Board of 12 Aboriginal Directors comprising 

Traditional Landowners and community Elders. The organization has a Vision 

to: 

Improve the lives of people with renal failure, reunite families and reduce the 

impact of kidney disease in our communities. 

The organisation seeks funding from government, non-government and other 

philanthropic organisations in the form of service level agreements, donations 

and in-kind support to assist Aboriginal people who have been relocated for 

treatment. It attracts skilled professionals as well as volunteers who contribute 

to its many activities and has now built up a multidisciplinary team of paid staff 

and volunteers. All dialysis is provided by qualified and suitably trained nursing 

staff and the organisation is accredited with all required Australian Health Care 

bodies and meets the required legislation for health service delivery. The 

Purple House has established programs providing social support for those in 

the urban area, coordinating respite visits to a patient’s remote home 

community, with or without dialysis; and the provision of on-community 

dialysis services.   

In the nearly 20 years since it was established the Purple House has expanded 

exponentially with programs, activities and services stretching the length and 

breadth of the Northern Territory and beyond as communities seek out 
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alternative ways to deal with the kidney disease that is still rampant in these 

remote communities. Services are also now being provided to patients and 

families in the remote regions of neighbouring states: South Australia and 

Western Australia.   

 

 

Appendices Figure S5.1: Strategic Plan 2017-2022 
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Chapter 6. Supplementary Material 

This supplement includes the Material and Methods from the “Dialysis 

attendance and health care utilisation associated with urban, rural and remote 

models of dialysis care” study which preceded this study (Do remote dialysis 

services really cost more? An economic analysis of hospital and dialysis modality 

costs associated with dialysis services in urban, rural and remote settings). The 

base dataset created for the preceding study was also used for this study. 

Methods 

Australia’s health system is a mixture of publicly and privately funded services. 

Dialysis treatments in the Northern Territory are fully publicly funded under a 

case mix model based on coded discharge hospital data. All haemodialysis 

treatments are entered into the NT Department of Health’s (DoH) Admitted 

Patient Care (APC) (hospital) dataset. We conducted a retrospective analysis using 

linked clinical and administrative data sets to examine health service utilisation 

(dialysis attendance rates, hospital admissions, days in hospital and emergency 

department presentations) stratified by service type and location of patients 

receiving dialysis in the NT between 2008 to 2014. 

Study cohort definition 

The full database population was derived from the DoH’s APC (hospital) dataset 

combined with the Australia and New Zealand Dialysis Transplant Registry 

(ANZDATA) dataset.  

The APC hospital dataset contains individual episodes of patient care for the five 

parent hospitals and several satellite services in the NT, from the beginning of 
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consistent electronic record keeping (1991). It includes demographic details of 

the individual (age, ethnicity, residence) and the hospital (hospital code, ward/s), 

as well as admission/separation codes and diagnosis and procedure codes 

(primary and up to 49 secondary codes) based on the International Classification 

of Diseases version 10, Australian Modification (ICD 10AM). The one private 

hospital in the NT does not deliver dialysis treatments. ANZDATA is the data 

repository for people receiving maintenance renal replacement treatment (RRT) 

in Australia and New Zealand and contains patient level administrative and clinical 

data, based on an annual census from participating renal units.  

The full database population included: 1) any individual from the APC dataset 

with an ICD 10AM diagnosis or procedure code for dialysis or transplantation 

(Table S6.1) between the years 2000 and 2015; and 2) any individual from the 

ANZDATA dataset who registered as ever having dialysis in the NT between 2000 

and 2015.  

Table S6.1 includes the ICD 10AM diagnostic and procedure codes used to identify 

RRT admissions and create the ‘database population’ from the NT Department of 

Health Admitted Patient Care Hospital Dataset 1991-2015. 
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Appendices Table S6.1: ICD 10AM codes used to identify database population from hospital 
dataset 

 

 

The two datasets were linked by a third-party jurisdictional data linkage agency 

(SA/NT Datalink) following standard ethical systems and protocols. SA/NT 

Datalink is an independent agency based at the University of South Australia. 

Using probabilistic matching, de-identified individuals across data sets were 

linked and assigned a unique identifier. Due to the voluntary nature of the 

ANZDATA collection, a one to one (1:1) match with the hospital dataset was not 

expected and one hundred and thirty-two (132) individuals in the hospital dataset 

ICD 10AM Procedure Code

13100-00=Haemodialysis

13100-01=Intermit Haemofiltration

13100-02=Cont Haemofiltration

13100-03=Intermit Haemodialfiltration

13100-04=Cont Haemodialfiltration

13100-06=Peritoneal Dialysis (PD) short term

13100-07=Intermit PD long term 

13100-08=Cont PD long term

13109-00=Insertion and fixation of PD catheter

13109-01=Replacement of indwelling catheter

13110-00=Removal of indwelling catheter

13112-00=PD with temporary catheter

36503-00=Kidney transplant

36503-01=Reimplantation of kidney

90351-00=Removal of temporary PD catheter

ICD 10AM Diagnosis Code

T85.71=Infection and inflam reaction due to PD catheter

T86.1=Transplant rejection 

Y84.1=Kidney dialysis (Other med proc as a cause)

Z49.0=Preparatory care for dialysis

Z49.1=Extracorporeal dialysis

Z49.2=Other dialysis

Z94.0=Kidney transplant status

Z99.2=Dependence on renal dialysis 
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were not present in the ANZDATA set. Sixty-seven (67) individuals in ANZDATA 

dataset did not match any individuals in the hospital data set. These 67 

individuals were excluded as hospital activity data was not available for analysis. 

The datasets included all hospital admission and registry data for eligible patients. 

The full database population of 2844 individuals were then linked with activity 

data from two additional data sets: a) interstate patient travel information 

(n=171); and b) dialysis data from (n=189) individuals receiving care in DxMoC4 

and DxMoC5. This was necessary because inconsistencies in data entry for these 

models led to some gaps in attendance data, however, manual compilation of 

activity between 2008-2014 was possible and linkage with the hospital data set 

was undertaken by an independent linker not associated with the project.  

Patients were excluded if they were 16 years and younger at 2008 or did not have 

at least one admission after 2008 – to exclude patients who left the NT and were 

therefore not eligible for inclusion. All available admission data pre 2008 was also 

retained for the purposes of identifying home residence and health status 

(comorbidities) prior to commencing dialysis.   

The final study population (n=1003) included individuals who had any RRT for 

more than three months continuously (to eliminate acute and short-term dialysis 

support including patients visiting from elsewhere on holidays), between the 

years 2008 to 2014. This date range was chosen as some models of care only 

became fully established after 2008 and the additional activity data (for DxMoC4 

and DxMoC5) was provided to the end of 2014.  
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Restricting the analysis of patterns of health service utilisation to 2008 to 2014 

ensured sufficiently robust activity data across all models was available for the 

analysis (Figure S6.1).  

 

 

Appendices Figure S6.1: Patient selection flow chart 2008-2014 

 

 

Each admission was aligned with a RRT treatment option of haemodialysis (HD), 

peritoneal dialysis (PD) or transplant based on diagnosis or procedure codes 

(Table S6.2). Relevant diagnosis and procedure codes were present for all patients 

for at least one admission a year but not all admissions contained a RRT relevant 

code. 
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Appendices Table S6.2 ICD 10AM diagnostic and procedure codes used to establish dialysis 
model of care 

 

 

Table S6.3 identifies the ICD 10AM codes (collapsed to group level) used to 

identify and map comorbid conditions for each admission. Once a comorbid 

condition was present it was carried forward to other admissions if not already 

present. Comorbidities were chosen for their relevance as kidney disease risk 

factors and concurrent chronic diseases considered to have a significant impact 

on health outcomes of kidney patients.  

 

 

 

 

 

 

ICD 10AM Procedure Code

13100-00=Haemodialysis

13100-07=Intermit PD long term 

13100-08=Cont PD long term

13109-01=Replacement of indwelling catheter

13110-00=Removal of indwelling catheter

ICD 10AM diagnosis Code

Z49.1=Extracorporial dialysis

Z94.0=Kidney transplant status

AR-DRG Code

L61Z=HD

L68Z=PD
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Appendices Table S6.3 ICD 10AM codes used to identify presence of comorbid conditions for 
each admission in Final Study Population 2008-2014 

 

 

To determine whether an individual relocated for treatment and whether any 

treatment was received at or closer to home, we identified home address (to 

suburb level) for each admission episode that occurred in the 24 months prior to 

commencement of RRT, taking the earliest admission address as the residence 

pre RRT start. Less than 1% of patients did not have an admission in the 24 

months prior to RRT start. Patients were categorized as ‘Relocated’ when they 

lived outside the urban areas of Darwin and Alice Springs prior to commencement 

of RRT. 

Remoteness of communities was determined by mapping residence pre RRT start 

to the Modified Monash Model (MMM) which categorises areas according to 

remoteness. Activity was separated by region, Top End (TE) and Central Australia 

(CA), to align with health service responsibility in the NT.  

Variable definitions (descriptions and calculations) are shown in Table S6.4.  

The intent of our study was to explore the relationship between dialysis model of 

care and subsequent health care use. Therefore, the dominant dialysis model of 

care for each patient was determined for each week, based on majority dialysis 

Variable ICD 10 Group High level description

Diabetes E10-E14  Diabetes mellitus

O24 Diabetes mellitus in pregnancy

Obesity E65-E68   Overweight, obesity and other hyperalimentation

Hypertension I10-I15  Hypertensive diseases

Cardiac disease I20-I25   Ischemic heart diseases

I26-I28   Pulmonary heart disease and diseases of pulmonary circulation

I30-I52   Other forms of heart disease

Cerebrovascular disease I60-I69   Cerebrovascular diseases

Vascular disease I70-I79   Diseases of arteries, arterioles and capillaries

I80-I89   Diseases of veins, lymphatic vessels and lymph nodes, not elsewhere classified

I95-I99   Other and unspecified disorders of the circulatory system

Endocrine, nutritional and metabolic diseases and disorders of circulatory system
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model of care attendance in the current and preceding two-week period, rolling 

forward a week at a time. The process, while eliminating extremely frequent 

movements between models, still enabled the respite model of 2-3 weeks to be 

captured in the data. 
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Appendices Table S6.4: Description of available and created Outcome and Exposure variables in Final Study Population data set  

 
  

Variable Variable label Value Calculation Type

year Year of admission Continuous 

(2008-2014)

Year of admission date Exposure

indig Ethnicity (Aboriginal) Categorical 

(0= Not Aboriginal; 1=Aboriginal)

Hospital coding - collapsed to 'Aboriginal or Torres Strait 

Islander' or 'Not'

Exposure

gender Gender (Male) Categorical 

(0= Female; 1=Male)

Hospital coding Exposure

region Region (TE) Categorical 

(0=Central Australia; 1=Top End)

Based on hospital coding Exposure

Orig_district Residence pre RRT stratified by 

NT Health Service district

Categorical 

(1=Darwin; 2= Darwin rural; 3=Tiwi Islands; 

4=East Arnhem; 5=Daly West Arnhem; 

6=Katherine; 7=Alice Urban; 8=Alice rural; 

9=Barkly; 10=Central Desert; 11= Western 

Based on hospital coding of Locality codes allocated to NT 

Health Service district 

Exposure

Reloc_flag Relocated Categorical 

(0=Not relocated; 1=Relocated)

Flagged if NT Health Service District not equivalent to Darwin 

or Alice Springs

Exposure 

Orig_MM7 Remoteness of residence pre-

RRT start

Categorical 

(1=Outer regional; 2=Remote; 3=Very 

remote; 4=Interstate)

Modified Monash Model classification for areas of 

remoteness *Outer regional= Urban

Exposure

admage Age at date of admission Continuous 

(18-84)

Calculated from date of birth and date of admission Exposure

admage_cat Age at date of admission 

category

Categorical 

(0=<30yrs; 1=30-39yrs; 2=40-49yrs; 3=50-

59yrs; 4=60-69yrs; 5=>70yrs)

Age at admission stratified into 6 categories Exposure

RRT_start Date of RRT commencement Ordinal

dd/mm/yyyy - Interval

Used as interval variable to calculate time on RRT and time in 

study

Exposure

dxtime_cat Time on dialysis at time of 

admission category 

Categorical 

(0=<1 yr; 1=>1-2yrs; 2=>2-3yrs; 3=>3-4yrs; 

4=>4-5yrs; 5=>5yrs)

Calculated from RRT start date to date of admission and 

stratified by 12 month periods for first 5 years

Exposure

DxMoC Dominant dialysis model of care Categorical 

(0=DxMoC0; 1=DxMoC1; 2=DxMoC2; 

3=DxMoC3; 4=DxMoC4; 5=DxMoC5; 

Determined by majority model attendance over 3 week 

rolling period

Exposure 

MoCyr_tar Proportion of year exposed to 

DxMoC

Continuous 

(0-1.0)

Proportion of year spent in DxMoC (base unit =weeks) minus 

iLTFU and time interstate

Exposure

MoCdxatt_cat Category of calculated dialysis 

attendance by DxMoC/year

Categorical 

(1=High:144-156; 2=Medium:132-143; 

3=Low:<132)

Dialysis attendance stratified into high, medium and low 

attendance 

Exposure
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Appendices Table S6.4 Description of available and created Outcome and Exposure variables (continued) 

 

 

Variable Variable label Value Calculation Type

DM Diabetes Mellitus Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

CVD Cerebrovascular Disease Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

CAD Cardiovascular Disease Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

Hyptn Hypertension Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

Obesity Obesity Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

VascD Vascular Disease Categorical 

(0=No; 1=Yes)

Presence of ICD-10AM code; if present always present Exposure

iLTFU Intermittent lost to follow up Categorical 

(0=No; 1=Yes)

Flagged for each week if attendance data (dialysis and 

hospital) is absent => 52 weeks for haemodialysis patients 

Outcome

ltfu_time Period of intermittent LTFU time Continuous 

(0-2.75)

Calculated from iLTFU, minimum of 52 weeks Used in calculation 

of time at risk

calcMoC_att Calculated outpatient dialysis 

attendance by DxMoC/year

Continuous 

(0-156)

Number of dialysis treatments by DxMoC, divided by time 

(weeks) in DxMoC x 52 (weeks) to represent yearly rate

Outcome

MoChosp_adm Rate of hospital admissions by 

DxMoC/year

Continuous 

(0-40)

Sum of overnight admissions while exposed to a DxMoC Outcome

yrlyhosp_adm Annual rate of hospital 

admissions

Continuous 

(0-40)

Sum of overnight admissions by year per patient Outcome

MoCEDpres Rate of ED presentations by 

DxMoC/year

Continuous 

(0-50)

Sum of Emergency Department presentations while exposed 

to a DxMoC

Outcome

yrlyED_pres Annual rate of ED presentations Continuous 

(0-50)

Sum of Emergency Department presentations by year per 

patient 

Outcome

MoC_los Number of inpatient days by 

DxMoC/year

Continuous 

(0-365)

Total days as inpatient while exposed to a DxMoC Outcome

yrly_los Number of inpatient days /year Continuous 

(0-365)

Total days as inpatient by year per patient Outcome

LTFU Lost to follow-up Categorical 

(0=No; 1=Yes)

Based on 'missing' data to end of observation period with no 

indication of death 

Censoring

stdy_status Status at end of study Categorical

(1=Alive; 2=Dead; 3=LTFU)

Censored at end of study as Alive, Dead or LTFU Outcome
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Chapter 7. Supplementary Material 

The supplementary material in Table S7.1 contains a list of all stakeholder 

meetings and workshops conducted during this study and relevant to the 

engagement process and this thesis. 

Legend 

Green shaded rows concern meetings specifically for Aboriginal patients, 

family members and carers. 

Cream shaded rows concern workshops specifically for Aboriginal co-

researchers and non-Aboriginal researchers. 

 Blue shaded rows concern multi-stakeholder meetings. 

White shaded rows concern presentations to clinicians, researchers, policy 

makers and funders. 
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Appendices Table S7.1: Table of engagement activities with stakeholders  

Date Stakeholder group Engagement type Content 

2015 - 2018  

Monthly meetings  

Executive Steering 

Committee (Aboriginal and 

non-Aboriginal researchers, 

clinicians, policy makers 

service providers) 

Update on progress  Preliminary data analysis for qualitative, 

quantitative and economic outputs, issues, 

barriers and facilitators to progress 

Oct 2015  

Co-researcher workshop 

(2 days) 

Aboriginal co-researchers 

and interpreters 

Initial engagement of 

co-researchers in the 

DxMoC project 

Outline of the Menzies led research project 

on different dialysis models of care. 

Introduction to other components of the 

research and researchers involved in the 

project. 

Feb 2017  

Stakeholder meeting and 

Policy Forum   

Researchers and Aboriginal 

co-researchers, patients, 

service providers, policy 

makers and funders 

Presentations Update on progress of study, discussion of 

models of care and preliminary analysis. 

Presentations from co-researchers and 

preceptors regarding models of care and 

impact 

Feb 2017  

Co-researcher workshop 

CA (2 days) 

Aboriginal co-researchers 

and interpreters  

Workshop - exploration 

of concepts 

Discuss, explore and compare different 

concepts of quality of life – mainstream 

western biomedical world view versus 
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Date Stakeholder group Engagement type Content 

Aboriginal world view of relatedness 

/connectedness  

May 2017  

CARV meeting (2 days)  

Patient and carer advocacy 

meeting 

Overview of project 

and intention of study  

Presentation of models of care descriptions, 

data on rates of kidney disease and uptake of 

different models in NT. Discussion on models 

of care, how and what data will be collected 

and how it will be used.  

July 2017  

Clinician workshop 

Renal clinicians  Workshop concept of 

VfM framework  

Explore how framework would incorporate 

all sources of data. What criteria would 

reflect VfM and what evidence would be 

required   

Aug 2017  

Clinician workshop 

Renal clinicians  Focus group workshop Confirm broad criteria and evidence available 

Oct 2017  

Co-researcher workshop 

TE and CA  

(2 days) 

Aboriginal co-researchers  Workshop - exploration 

of concepts 

Understanding what makes a good life for 

Aboriginal people and what makes a good life 

on dialysis 
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Date Stakeholder group Engagement type Content 

June 2018  

DxMoC stakeholder 

meeting  

Investigators, clinicians, 

policy makers and senior 

service providers  

Presentations Update on findings from qualitative, 

quantitative and economic analysis and next 

steps  

July 2018  

Panuku Meeting 

Patient and carer advocacy 

meeting 

Overview of project 

and intention of study  

Presentation of models of care descriptions, 

data on rates of kidney disease and uptake of 

different models in NT. Discussion on models 

of care, and preliminary analysis 

August 2018  

Menzies Seminar series 

Clinicians and researchers Presentation, feedback 

and validation of 

preliminary analysis 

Overview of DxMoC project and preliminary 

analysis of dialysis attendance and service 

costs 

Sept 2018  

Panuku Meeting 

Patient and carer advocacy 

meeting 

Feedback from patients  Patients discuss their issues relating to 

dialysis services  

June 2019  

Rubric workshop 

Professional stakeholders 

including clinicians, service 

providers, policy makers, 

researchers and community 

advocates and Aboriginal 

Practitioners  

Facilitated workshop to 

develop VfM 

framework 

Understanding concept of value for money, 

agree on criteria of importance and evidence 

required to support levels of attainment  
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Date Stakeholder group Engagement type Content 

July 2019  

CARV meeting (2 days) 

Central Australian Renal 

Voice – Aboriginal patient 

advocacy group 

Presentation of 

updated quantitative 

and qualitative data  

Overview of project, aims and findings of 

analysis for dialysis attendance, 

hospitalisations and overall costs for each 

DxMoC 

Oct 2019  

Aboriginal co-researcher 

workshop CA (2 days) 

Aboriginal co-researchers 

and interpreters  

Workshop  Exploration of VfM criteria and relationship 

to DxMoC project 

October 2019 

NIKKT 

Patients, clinicians, policy 

makers, researchers from 

across Australia 

Presentation of 

overview of DxMoC 

project and findings  

Findings from quantitative and economic 

data analysis including suggested VfM 

framework 

Nov 2019  

TE Aboriginal co-

researcher workshop TE 

(2 days) 

Aboriginal co-researchers  Workshop Exploration of VfM criteria and relationship 

to DxMoC project 

Feb 2020  

TE and CA Co-research 

workshop 

Aboriginal co-researchers Workshop Working through the concepts underpinning 

each criterion in the VfM framework and 

determining ways to conceptualise 

‘standards’  



Page264 

Date Stakeholder group Engagement type Content 

July 2020  

Grand Rounds DoH 

Multidisciplinary clinicians 

and service providers 

Presentation – 

validation  

Data findings from qualitative and economic 

analysis.  

Suggested framework for synthesis of 

qualitative, quantitative and economic 

Completed data analysis and draft VfM 

framework  

July 2020  

Australian Government 

Remote Health Division  

Policy makers and Funders Presentation of final 

findings 

Data findings from qualitative and economic 

analysis.  

Suggested framework for synthesis of 

qualitative, quantitative and economic 

August 2020  

Menzies Seminar series 

Clinicians and researchers Presentation of 

developing a VfM 

framework 

Overview of project and process undertaken 

to date to synthesis qualitative, quantitative 

and economic data 

Aug 2020  

Joint Renal Research 

Meeting 

Multidisciplinary renal 

service clinicians, senior 

general medicine and 

primary health service 

providers.  

Presentation if final 

findings  

Data findings from qualitative and economic 

analysis.  

Suggested framework for synthesis of 

qualitative, quantitative and economic 
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Date Stakeholder group Engagement type Content 

Sept 2020  

Australian Government 

First Assistant Secretary 

Remote Health Division  

Senior Policy makers and 

Funders 

Presentation of final 

findings 

Data findings from qualitative and economic 

analysis.  

Suggested framework for synthesis of 

qualitative, quantitative and economic 

Sept 2020  

NT Department of Health  

Executive – Policy makers 

and funders 

Presentation of final 

findings 

Data findings from qualitative and economic 

analysis.  

Suggested framework for synthesis of 

qualitative, quantitative and economic 

October 2020  

Panuku “Hunting 

Knowledge” workshop  

Patients and carers - patient 

determined workshop to 

understand research 

projects   

Presentation of 

findings and discussion 

of implications  

Data findings from qualitative and economic 

analysis.  

Presentation and discussion of how criteria in 

VfM framework was drawn from synthesis of 

qualitative, quantitative and economic data 

 

 

 


