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[Abstract] 

Costs for treating End Stage Renal Disease (ESRD) patients were estimated for the 

financial years 1996/97 and 1997/98, using a hospital costing model. A total of 165 

patients were treated: 101Aboriginal and 64 non-Aboriginal, at a total cost of $12.4m in 

this two-year period. These 165 patients, around 0.7% of total inpatients, used up 31.6% 

of 59,568 episodes (18,527) and 8.8% of total inpatient $140 millions ($12.4 m) in the Top 

End Hospitals of the NT in the study period. Among $1:2.4m, $9.5m (75%) was used in 

routine haemodialysis treatment (RHI) and $2.9m (25%) in hospitalisation. 

Whole year RHf per patient in the study was cos ted at approximately $82,000 in 1996/97 

and $88,000 in 1997/98. The combined average cost per RHf in two years was $524, or 

$78,600 per patient completing a year's treatment. Hospitalisations for comorbidities 

occurred in 86% of Aboriginal and 39% of non-Aboriginal patients. For non-Aboriginals, 

the average cost per patient was $8,229 (with 1.2 admissions and 13 length of sta]-J. For 

Aboriginals, it was $23,140 (with 4.1 admissions and 35 days). All these statistics were 

significantly higher in Aboriginals than in non-Aboriginals (p <0.05). After adjusted for 

patient year, there was still statistical significant between two groups, which was $41,648 

for Aboriginals vs. $21,295 for non-Aboriginals (p<0.05). Aboriginals tended to be 

commonly admitted for fluid overload, respiratory diseases and dialysis complications, 

while non-Aboriginals were admitted for dialysis-related complications, access procedures 

and cardiovascular disease. But from cost concerns, septicaemia, dialysis-related 

complications, respiratory diseases and skin diseases were strongly related to the overall 

costs in the Aboriginal patients. In the non-Aboriginals, cardiovascular disease, fluid, 

electrolyte and acid disorders and digestive diseases were highly related to the overall 

costs. 
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In tenns of service costs for RHf, nursing service comprised 33% of total costs, followed 

by goods and supplies (16%), pharmacy (14%) and staff-oncosts (12%). For 

hospitalisations, cost of nursing service constituted 23% of costs, followed by pharmacy 

(14%), goods and supplies (10%) and pathology(9%). 

The study also predicted that for the subsequent five-year period, the prevalence of 

haemodialysis treatment would increase at 11% per year. It is estimated that an 

approximately $48-$56 millions will be required over the next five years to meet the 

expected increasing demand. If 10% more new patients enter the HD program, an 

additional $0.27 m should be invested in supporting access procedures of dialysis 

treatment. 

The significant new investment required to meet the projected increased demand for 

routine HD alone (not including treatment for co-morbidities), calls for urgent thinkings 

in tenns of new ways to control the incidence of early renal disease, and the often 

consequential incidence of renal failure. More effort ne~ds to be put into the primary, 

secondary and tertiary prevention of renal diseases. This requires a clear understanding of 

the disease development and related care on a continuum 

The results from this study provided concrete and important information for formulation 

of Health Benefit Groups (HBGs) and Health Resource Groups (HR.Gs) in relation to 

renal diseases. The HBG/HRG matrix model, a resource allocative tool, was first 

proposed by the UK Casemix Office. It provides a framework for understanding and 

exploring key issues with regard to disease development, prevention and management, 

and resource allocation. 

In the past two years, 1BS tested feasibility of this model in the chronic disease at the NT 

level, and obtained national recognition. In the HBG/HRG renal-specific model, the 

population is divided into five HBGs: those not at risk, at risk, presenting, acute 

stage/ESRD and chronic stage, while those services provided to each above group were 

classified into five HR.Gs: promotion, prevention, investigation, acute care and continuing 

care. 

The information described in the thesis plays a potentially important role in anticipating 

potential health care resources in the primary care, secondary care and tertiary care 
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(including acute sectors and in continuing care). There needs to be more ongoing studies 

to understand resources used in primary and secondary care related to renal diseases so 

that better health outcomes can be achieved. 
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GLOSSARY 

Angiotensin Converting Enzyme Inhibitors {ACEi) 

ACEi are medicines that lower blood pressure, and for an equivalent systematic blood 

pressure lowering effect, reduce glomerular capillary pressure and slow the rate of renal 

disease progression. 

AN-DRGs: 

Australian National Diagnosis Related Group {AN-DRG) was customized from USA 

Diagnosis Related Groups (DRGs) in 1992. DRGs are a patient classification scheme, 

which provide a means of relating the number and type of patients treated in a hospital to 

the resources required by the hospital. DRGs are used to facilitate a better understanding 

of acute care hospitals' output characteristics so that more objective organizational and 

financing plan may be enacted. The current AN-DRG version 3 {AN-DRG3) was based 

on ICD-9 {International Classification of Diseases, vers_ion 9) (Department of Human 

Setvices and Health, 1993). 

Au toe orrela tion Coefficients: 

Autocorrelation coefficients of an obsetved time-series is a series of quantities which 

measures correlation between members of series of obsetvations ordered in time (as in 

time-series data) or space {as in cross-sectional data). It is an important guide to describe 

time series. 

Autocorrelation Function: 

Autocorrelation function of a stationary process is an important tool for assessing time-
. . 

senes propertles. 

Bottom-up Approach: 

See Zero-Base Costing Model. 

Case mix: 

An information tool involving the use of scientific methods to build and make use of 

classifications of patient care episodes. In popular usage, the mix of types of patients 

treated by a hospital or other health care facility. 
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Correlogram: 

This is a graph in which autocorrelation coefficient (r,) is plotted against the lag k, as a 

useful means to intetpret a set of autocorrelation coefficients. 

Cost of Dialysis Per Patient Year. 

Cost of dialysis per patient year is the total cost of dialysis treatment adjusted for the 

pauent years. 

Cost of Hospitalisation Per Patient Year. 

The cost of hospitalisation per patient year is the total of cost of hospitalisation adjusted 

for the patient years. 

Cost Per Patient Year. 

Cost per patient year is the total cost a patient uses adjusted for the patient years. 

DRG Cost Weight: 

It measures the average cost of a DRG, compared with the average cost of a reference 

DRG. Usually, the average cost across all DRGs is chosen as the reference value, and 

given a weight of one. 

End-Stage Renal Diseases (ESRD): 

ESRD is an irreversible loss of glomerular filtration rate resulting from a chronic 

deterioration of renal function from chronic renal diseases to end stage renal failure. 

Patients with ESRD are dependent on renal replacement therapy for survival either by 

renal transplantation or renal dialysis treatments for the rest of their lives. 

Haemodialysis (HD): 

HD is a way of cleaning of the blood from waste products through an artificial kidney. 

Among haemodialysis treatment, there are multiple alternatives: haemofiltration (HF), 

haemodiafiltration (HDF), biofiltration (BF), acetate-free biofiltration (AFB), paired 

filtration-dialysis (PFD) and high flux dialysis (HFD). 

Health Benefit Group (HBG): 
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HBG is a method of categorizing the population in terms of its needs for healthcare and 

its likely ability to benefit from care. A HBG contains people with similar healthcare needs 

who, given appropriate care, are likely to have similar outcomes or benefits. 

Health Outcome: 

Health outcome refers to the change in the health status of an individual or population, 

which is attributable to an intervention or series of interventions. 

Health Resource Group (HRG): 

HRG, similar to AN-DRG, has been defined to be clinically homogeneous ·and iso

resource based. HRG provides the understanding of the type of cases seen, the resources 

used, and the costs associated with the care provided. It provides the ability to undertake 

meaningful comparisons of both technical efficiency and cost. 

In HRG, the case is allocated directly to a HRG if a procedure is undertaken. HRG based 

solely on activity undertaken, without reference to the condition or objective of care. It is 

a tool with which health care activity is classified. 

Hospital Costing Model: 

A hospital cost model begins with a hospital's total expenditures and allocates them to 

various "products" of the hospital (DRG groups) through a cascading series of allocation. 

Tills is also lmow as a "top down" allocation of costs. 

Hospital Output 

Service output is hard to define in the service industry. Tills is not exceptional in health 

service industry. Two major issues have been mentioned in the concept of hospital 

output: health status and treatment conceptions. A "health status" conception views 

hospital as producing improvement in the health of patients, which is rejected on both 

conceptual and pragmatic grounds. A "treatment" conception of output measures the 

number of episodes of hospitalisation, or cases discharged. 

Hospitalisat:ions: 
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Hospitalisation of dialysis patients is defined as the episode of care in hospital for treating 

morbidities. DRGs of these episodes of care are those DRGs apart from DRG 572 and 

DRG 5871 in the study population. 

Incidence Rate: 

Incidence rate is the number of new patients entering the dialysis program relative to total 

population in the specific year. The estimated resident population was based on Australian 

Bureau Statistics (ABS) data. 

International Classification of Disease, 9th Revision, Clinical Modification (ICD-

9-CM): 

It is a modification of the international standard classification of diagnoses and procedures 

(ICD-9), which is maintained by the US government. It has been clinically modified for 

morbidity coding, and especially for use in acute care. 

Length of Stay (LOS): 
-

LOS is the number of days from admission to discharge in one episode of hospitalisation 

plus one. 

Hospital Mortality Rate: 

The mortality rate in this study was defined as the proportion of number of deaths to total 

dialysis patients in hospitals. Patients might die from complications related to dialysis or 

renal failure or die from other reasons. 

Outcome-based funding: 

Outcome-based funding approaches allocate resources according to what health 

outcomes are actually achieved due to service prevention and intervention. 

Output-based funding: 

It is a method of funding of hospitals and other health care providers. The amount of 

funding received by a provider is calculated by multiplying the volumes of its health care 

episodes by their relative costs. 

Overhead Cost Centres: 

1See appendix 1 for DRG list of definition. 
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Overhead cost centers are ones that provide services to other cost centers, rather than 

patients, e.g. cost centers like general hospital administration, central laundry, medical 

records and cleaning etc .. 

Patient Care Cost Centres: 

Patient care cost centers give their services to patients rather than to other cost centers. 

Patient Year: 

Patient year is defined as the interval on dialysis program within a year, i.e. between the 

first date of treatment for a patient and the last date of treatment for that patient divided 

by 365.25 days. A patient year is also adjusted by a 7-day rule. Tills is to say that if interval 

days between two treatments over 7 days, this 7-day should be ruled out from the actual 

patient year. Therefore patient year for a patient ={(date of end in the study period- date 

of start in the study period) - sum of intervals between two treatments with more than 7 

days} /365.25. 

Patient year is further classified as <0.5 year, 0.5-1 year, 1= 1.5 years, 1.5-2 years and over 2 

years. 

Peritoneal Dialysis: 

Peritoneal Dialysis (PD) is a way of removing waste products through a cleaning fluid in 

the abdominal cavity. PD has two main treatment varieties, either with manual exchange 

of dialysis fluid, i.e. Continuous Ambulatory Peritoneal Dialysis (CAPD), or with 

automated exchange of dialysis fluid at night, i.e. Continuous Cycling Peritoneal Dialysis 

(CXJ>D). 

Price Per Treatment (PPT): 

PPT is a contract price between Territory Health Service and a dialysis company for the 

price of providing each haemodialysis treatment. Under that contract, the Dialysis 

Company provides a package of disposable materials as well as related services. 

Renal Dialysis 

Renal dialysis is one of renal replacement treatment for patients with End Stage Renal 

Failure. There are two modalities of dialysis, intracorporeal (peritoneal dialysis) and 

extracorporeal (haemodialysis). 
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Routine Dialysis Treatment: 

Patients who underwent dialysis treatments as same day patients are categorised into 

either DRG 572 or 582. Those treatments with DRG 572 are called routine haemodialysis 

treatment (RHI). 

Same Day Patients: 

A same-day patient is a patient who is admitted and separates on the same date. Same day 

patients may be either intended to be discharged on the same day or intended overnight

stay patients who left of their own accord, die or were transferred on their first day in the 

hospital. 

Same Day Dialysis Treatment: 

Patients have dialysis treatment as non-admitted patients, without staying overnight in the 

hospital or dialysis unit. 

Time-series: 

A time-series is a collection of obseiVations made sequentially in time. The special feature 

of time-series is the fact that the successive obseiVations are dependent amongst the 

members of a sequence of random variables. When successive obseiVations are 

dependent, future values may be predicted from past obseiVations. 

Top-down Approach: 

See Hospital Costing Model. 

Zero Base Budgeting Model (ZBBM): 

When a year's activity is budgeted, all levels of management start from zero and estimate 

the resources required to fund the year's activities. This model requires past budget 

decisions to be reevaluated each year. It assists managers to control costs and to optimize 

available resources, i.e., to use resources effectively and efficiently at organisation level. 

Zero Base Costing Model (ZBCM): 

ZBCM, based on ZBBM, is a -way to capture costs of all activities related to one program 

at the operational level. Identification of activities within a specific program is a key step 

in summarising total costs of a program 
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Zero Base Costing Model (ZBCM): 

ZBa1, based on ZBBM, is a way to capture costs of all activities related to one program 

at the operational level. Identification of activities within a specific program is a key step 

in summarising total costs of a program. 
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CHAPTER ONE: 

INTRODUCTION-
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The study of "Health Economic Evaluation: Cost Analysis of Dialysis Treatments for 

Patients with End Stage Renal Disease in the Northern Territory'' was performed 

alongside an evaluation of the cost-effectiveness of renal and cardiovascular screening and 

treatment program on the Tiwi Islands in the NT, conducted by Mr. P. Baker (Ph.D 

student) and Dr. W. Hoy in MSHR in the NT in Australia. 

This study was driven by an alarming increase in the incidence of renal failure in 

Australian Aboriginals living in the Top End of the Northern Territory (N1), which was 

documented by Spencer J. and Hoy W. E. (Spencer, JL, Silva, DT, Snelling, P et al. 1998). 

The incidence of ESRD in Aboriginals in NT reached 838 per million in 1996 (71% of 

total ESRD patients in the NI), compared to the national level of 349 per million (Disney 

APS, Russ GRand Walker R, 1998), and had been doubling every 4 years since the mid 

1980s (Spencer, JL, Silva, DT, Snelling, P et al. 1998). The similar finding was obtained 

from other Aboriginal community surveys of the Kimberley, Pilbara and Goldfields 

regions of Western Australia (Thomas, MA, 1998), and was supported by The Australian 

and New Zealand and Transplant Data Registry (ANZDATA RegistlJ? in 1996-97 and 

1997-98 annual reports, in which there existed a marked disparity increasing over time 

between rates for Aboriginals and non-Aboriginals in the NT (Disney APS, Russ GRand 

Walker R, 1997), (Disney APS, Russ GRand Walker R, 1998). 

Kidney disease in Aboriginal population is a serious health and social problem in the NT 

as well as in the whole Australia. The National Aboriginal Health Strategy Working Party 

identified that South Australian Aborigines required dialysis seven to eight times as 

commonly as non-Aborigines; five times as many New South Wales Aborigines as non

Aborigines died fromkidneydisease in 1981. 

Though huge costs are spent in providing renal replacement treatments to maintain life in 

renal failure patients, there is no corresponding research to identify the actual annual cost 

for patients accepting dialysis treatment in the NT and in Australia. There are no 

consistent findings in costs internationally due to different perspectives of study, different 

dialysis settings (hospital or satellite or home based treatment), different populations and 

different methodologies in various countries. 

From Territory Health Service's point of view, this study aimed to: 
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1. differentiate patients' characteristics, comorbidities and hospitalisations between 

Aboriginals and non-Aboriginals receiving HD 

2. estimate the actual annual health care costs of dialysis treatment of ESRD patients in 

the Top End and the difference of costs between Aboriginal and non-Aboriginal patients 

3. identify the actual costs of each patient maintaining HD treatment for a full year 

period 

4. identify the service costs that were involved in delivering services 

5. develop a multiple-regression model to measure the effects of diseases on costs 

6. estimate the actual cost of patients with home-based Chronic Ambulatory Peritoneal 

Dialysis (CAPD) 

7. develop a time-series model to forecast volumes of dialysis treatments 

8. perform a projection of costs to be spent in the following 5-year 

9. and to inform decision makers about resource allocation for ESRD patients and for 

potential additional health resource investment in primary and secondary prevention. 

The methodology applied in this costing study was based on a hospital costing model -

COMBO model (Commonwealth Government Casemix Program, 1996). COMBO 

model is a top down approach, which allocates costs in general costs in the hospital 

(including overhead costs) to DRG costs. The DRG costs included 12 national standard 

cost components. They were costs of nursing, medical, pathology, pharmacy, emergency, 

critical care, allied health, operating theatre, medical supply, prostheses, staff-oncosts and 

others (KPMG Management Consulting, 1996). 

To complement the limitation of the current version of COMBO model that was focused 

on inpatient costs, an additional zero-based costing study was used to identify the costs 

for CAPD outpatients. These two methods provided a complete picture of costing 

information for ESRD patients receiving HD and PD treatments. 

3 



Using historical data, a univariate time-series model was developed to forecast the number 

of dialysis treatments on prevalence. Then the projection was made to forecast the 

potential investment needed to meet the increasing needs of services. Some statistical 

analysis tools were also employed in the study to identify the relationship between cost 

and diseases. 

One of the important findings in this study was that dialysis patients, who comprised 

0.7% of total patients in the hospital, annually consumed $6.4 million (8.8% of total 

inpatient costs in the Top End hospitals) (see section 4.31). Such huge health expenditure 

input just prolonged patients' lives, without fundamentally altering individual or 

population-based health. Moreover, the study also predicted in the following five years, if 

there is no improvement of population health, an approximately $48-56 millions of 

ongoing cost would need to be invested today to meet a predicted of 11% increase in 

prevalence rate of HD treatment. 

Our findings have challenged decision-makers in health care services to develop long term 

strategies to reduce the incidence of chronic renal diseases and the often consequential 

incidence of renal failure in the NT by reallocating or inputting more resources into 

primary health care and secondary prevention. Numerous literature reviews support the 

points that chronic renal failure can be prevented in the early stage (Hoy, "WE, McFarlane, 

R, Pugsley, DJ et al. 1996), (Hoy "WE, Baker P, Kelly, A et al. 2000). A well-planned 

series of service delivery should be provided to patients or populations with risk factors of 

renal diseases. To ensure the quality of services and the efficiency of resources used, a 

series of indicators of health outcomes should be monitored simultaneously. Health 

Benefit Group (HBG), one of resource allocative tools, makes it possible to balance the 

services efficiently and effectively. 

With the increasing knowledge of characteristics of renal diseases, this project sought to 

use the HBG/HR.G framework to develop a renal-specific model for continuum cares. 

The model examined types of services needed by groups of broader populations with 

various severities of renal problems. It also proposed corresponding indicators to monitor 

the effectiveness and efficiency of service deliveries. It also provides the opportunity in 

establishing an information system for ongoing costing studies across health sectors and 

across programs. 
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Some statistical analysis tools were employed in the study to identify the relationship 

between patients and morbidities, and between morbidities and costs. Time-series model 

v.ras used to forecast the future dialysis volumes and costs to be needed. 
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CHAP1ER TWO: 

LI1ERATURE REVIEW 
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The number of ESRD patients receiving renal dialysis treatment in the world is not 

accurately known. Though the industrialised countries collect data on patients entering 

ESRD treatment programs, they don't usually include patients dying of uremia without 

dialysis. Therefore, the true incidence rate of terminal renal failure is underestimated. In 

most developing countries, the magnitude of treated ESRD is also difficult to estimate in 

absence of registry data collection (Chugh, KS andJha, V, 1995). 

The ANZDATA registry showed that at the end of 1997, there were 5174 (279 per 

million) Australian dialysis patients, an increase of 4% since 1996, but an increment that 

was down from 10% in 1994 and 1995 (see Table 2.10). From 1990 to 1997, the NT had 

the highest prevalence of patients on dialysis among all states, 242 per million in 1990 and 

775 in 1997, compared to 173 in 1990 and 279 in 1997 at the national level (Chugh, KS 

and Jha, V, 1995), (Disney APS, Russ GRand Walker R, 1997), (Disney APS, Russ GR 

and Walker R, 1998). The proportion of Aboriginal patients was 8% of national dialysis 

dependent patients in 1997, increasing from 4% in 1990. 

The main change in age group distribution of dialysis patients has been a threefold 

increase in the elderly; 11% of dialysis patients in 1983 were aged over 64 years, compared 

with 36% in 1996. There has been a minor increase in the proportion of young and early 

middle-age patients over the last decade (Disney APS, Russ GRand Walker R, 1997), 

(Disney APS, Russ GRand Walker R, 1998). 

Table 2.10 Demograehic Profile of Dialysis Patients in Australia { 1990-1997} 
Year No. of Patients Per Million 

NT National NT (%) AB AB (%)of National NT Increase(%) National Increase (%) 
90 39 2959 1% 121 4% 242 173 
91 45 3141 1% 146 5% 283 17% 181 5% 
92 54 3390 2% 167 5% 320 13% 193 7% 
93 78 3708 2% 213 6% 464 45% 210 9% 
94 91 4103 2% 265 6% 532 15% 230 10% 
95 112 4541 2% 329 7% 644 21% 252 10% 
96 129 4899 3% 349 7% 726 13% 268 6% 
97 145 5174 3% 405 8% 755 4% 279 4% 
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Dialysis services include haemodialysis (HD), continuous ambulatory peritoneal dialysis 

(CAPD), continuous cycling peritoneal (CCPD), and other forms of peritoneal dialysis. 

HD and CAPD are the most common forms of ESRD all over the world. Each treatment 

involves a unique and distinguishable technology (Dor, A, Held, PJ and Pauly, MV, 1992). 

In HD, an artificial kidney is used to filter the patient's fluids. The treatment is 

administered three times a week, which usually occurs within a dialysis center, but it may 

also be performed in the patient's home. Peritoneal dialysis (both CAPD and CCPD) 

involves instilling a dialysate in the peritoneal cavity, and then removing the dialysate daily. 

HD is now the most commonly practiced modality in renal replacement treatment (RR1) 

in the western countries. Around 33% of all ESRD patients in Australia, 56% in Europe, 

and 60% in the US are being treated on hospital or home HD system In comparison, 

12% of all ESRD patients in the US, 16% in Australia, and 18.7% in Europe are being 

treated with PD. Most of peritoneal dialysis is home-based, but still requires substantial 

suppliers and supervision from dialysis center (Dor, A, Hel_?, PJ and Pauly, MV, 1992). 

Financial issues and government policy of reimbursement are considered to be main 

influences on selection of type of dialysis treatments. In Canada, UK, USA and Australia, 

which have government-funded healthcare programs, a global budget system exists and 

therefore the economic imperative is to delivery ESRD therapy at low costs. These 

countries have a high utilisation of peritoneal dialysis (37%, 51%, 17% and 31%) 

(Prichard, SS, 1996). Conversely, in Japan's private healthcare system, both dialysis 

facilities and physicians receive substantially high payment for HD as opposed to PD, and 

their utilisation of PD is, at 7%, extremely low. This financial incentive for HD also exists 

in private sectors in Venezuela (Prichard, SS, 1996), France and Germany (Chugh, KS and 

Jha, V, 1995). 

2.1 The Mechanism of Progression of Chronic Renal Diseases 

In the last two decades, clinical studies clearly established that once glomerular filtration 

rate (GFR) of patients with chronic renal diseases fell below approximately 25-30% of 

normal, a relentless progression to ESRD inevitably ensues (Mackenzie, HS and Brenner, 

BM, 1998), (Brenner, BM and Mackenzie, HS, 1997). This phenomenon has been 
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modeled by partial ablation of renal mass in rats, which led to progressive proteinuria, 

systematic hypertension and glomerulosclerosis (Brenner, BM and Mackenzie, HS, 1997). 

Irrespective of the nature of the initial nephropathy, chronic renal diseases pass through a 

"common pathway'', which is characterised by focal nephron loss and adaptations in 

structure and function, including hypertrophy and hyperfiltration in surviving nephrons 

(Lafferty, HM and Brenner, BM, 1990). 

Remnant nephrons initially increase single nephron GFR (hyperfiltration) to offset the 

overall loss in clearance. The elevated glomerular capillary hydraulic pressure is· a major 

factor in causing glomerular injury, nephron loss and glomerulosclerosis. This is 

supported by the effectiveness of treatment by angiotension-converting enzyme inhibitors 

(ACE~, in controlling blood pressure, glomerular capillary hypertension and retarding the 

progression of experimental chronic renal diseases (Mackenzie, HS and Brenner, BM, 

1998), (Lafferty, HM and Brenner, BM, 1990) 

There is firm evidence to support structural adaptation of surviving nephrons in response 

to nephron dropout. In classic histopathological studies of human chronic nephropathies, 

it has been shown that foci of diseased nephrons with contracted glomeruli and atrophic 

tubules are alongside foci of healthier but hypertrophied nephrons. It is reasonable to 

assume that these hypertrophied nephrons also carry a greater functional load, as single

nephron hyperfiltration cannot be determined directly in human renal disease (Brenner, 

BM and Mackenzie, HS, 1997), (Lafferty, HM and Brenner, BM, 1990). 

The presence of microalbuminuria is the marker of hyperfiltration. It is now recognised as 

a reliable predictor of overt proteinuria, macrovascular disease, progressive glomerular 

sclerosis, and end-stage renal failure in the diabetic patient (Brenner, BM and Mackenzie, 

HS, 1997). 

2.2 Risk Factors of Chronic Renal Diseases in Aboriginal Population 

There has been an increasing awareness of an association between race and chronic renal 

diseases. The true causes of higher incidence rate in Aboriginal population are still not 

clear and are under further investigation. But renal disease in this population is 

multifactorial, with risk factors related to whole-of-life nutrition, metabolic and 

hemodynamic profiles, infections, health behaviors, and possibly a family predisposition 
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(Hoy, WE, Mathews, JD, McOedie, DA et al. 1998). Most of the identified risk factors 

arise out of poverty, disadvantage and accelerated lifestyle change (Hoy, WE, Mathews, 

JD, McOedie, DA et al. 1998). Aboriginal kidney biopsy and autopsy data have shown a 

range of pathological states (diabetic, hypertensive, and proliferative), underpinned by a 

remarkable increase in glomerular size of up to three- fold normal (Young, RJ, Hoy, WE, 

Kincaid, SP et al. 2000). It is not clear whether this unusual glomerular change is entirely 

genetic or is exacerbated by intrauterine malnutrition followed by subsequent dietary 

excess. 

The infective factors have been documented with repeated bacterial infections. of ears, 

nose, chest, skin, gut and genitourinary systems as well as endemic intestinal parasites 

(Gracey, M, Spargo, RM, Smith, P et al. 1996), (Goodfellow, AM, Hoy, WE, Sriprakash, 

KS et al. 1999). Even in the absence of recognised nephritogenic organisms, systemic 

infection can potentially activate glomerular proliferation, affecting mesangial cells in 

particular (Lovett, DH, Bursten, SL, Gemsa, D et al. 1988). 

Alcohol has several indirect but definite adverse renal effects. Each lOg of alcohol 

consumed causes a rise in blood pressure in white population (Puddey, IB, Beilin, LJ, 

V andongen, Ret al. 1985) as well as in Aboriginals (Smith, RM, Spargo, RM, King, RA et 

al. 1992). Alcohol both stimulates intestinal production and reduces hepatic clearance of 

IgA, increasing the risk of IgA nephropathy. Smoking is also recognised in 

epidemiological surveys as an independent risk factor for renal disease (Orth, SR, Ritz, E 

and Schrier, RW, 1997). 

Not only is there plenty of knowledge that chronic renal disease can develop from 

hypertension and diabetes, but also there have been increasing concerns that the 

understanding of development of CRF should be traced back from birth. Low birth 

weight (LBW, < 2.5kg) resulting from intrauterine growth retardation (IUGR) might be 

associated with adult diseases, such as essential hypertension, chronic obstructive 

pulmonary disease, impaired glucose tolerance and type I diabetes (Garrett, PJ, Bass, PS 

and Sandeman, DD, 1994), (Brenner, BM, 1994), (McCance, DR, Pettitt, DJ, Hanson, RL 

et al. 1994). Figure 2.10 showed the potential combined risk factors of renal diseases 

starting before the birth to ESRD by overviewing the following literature reviews. 
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LBW is also a risk factor of glomerular motphogenesis during embryological 

development. Both in animal experiments and human cross-section studies, the factors 

that lead to poor intrauterine environment also give rise to inborn deficits of nephron 

number (Brenner, BM and Chertow, GM, 1994), (Merlet-Benichou, C, Gilbert, T, Muffat

J oly, M et al. 1994). According to Merlet-Benichou et al, IUGR significantly reduces body 

weight, kidney weight and number of nephrons per kidney in rats (Pachi, A, Lubrano, R, 

Maggi, E et al. 1993). Further in human infants and stillbirths, type 2 IUGR 

(asymmetrical), reflected by LBW is associated with fewer nephron number and fewer 

glomeruli at birth (Brenner, BM and Chertow, GM, 1994), (Hinchliffe, SA, Lynch, MR, 

Sargent, PH et al. 1992). Pachi et al also identified in 55 pregnancies that high level of 

renal tubular damage in fetuses in fetal hypoxemia, one of the most frequent causes of 

IUGR on (Pachi, A, Lubrano, R, Maggi, E et al. 1993). 

The relationship between LBW and renal disease is widely documented (Garrett, PJ, Bass, 

PS and Sandeman, DD, 1994), (Mackenzie, HS, Lawler, EV and Brenner, BM, 1996), 

(Brenner, BM and Mackenzie, HS, 1997). Hoy WE et arfound that odds ratio for overt 

albuminuria in LBW Aboriginal adults compared with those of higher birth weights was 

2.82 (0, 1.26 to 6.31) after adjusting for other factors in a remote community in the NT. 

LBW contributed to an estimated 27% (0 3 to 45%) of the population-based prevalence 

of overt albuminuria (Hoy WE, Kile E, Rees Metal. 1998). 
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LBW is very prevalent in Aboriginal new born babies in the Top End in the NT. The 

incidence of LBW babies -was 23.2% Oess than 2500g) compared to 6.4% that in non

Aboriginals in 70-80's in Royal Darwin Hospital in the NT in Australia (Bard, JB and 

Woolf, AS, 1992), (Hoy WE, Kile E, Rees Metal. 1998). 

Use of tobacco and alcohol by pregnant women together with other risk factors 

mentioned above greatly increase the chance of giving birth to LBW new born babies 

(Thomas, MA, 1998). Other impacts of social and economic background are also 

recognised in affecting Aboriginal general health status, such as lack of employment, 

excess use of alcohol, increased welfare benefits, and availability of a high-fat, high

carbohydrate diet (Thomas, MA, 1998). The outstanding success in saving the life of LBW 

babies and malnourished infants over the last 30 years has probably contributed to cohort 

of LBW people surviving to adult life, with increasing risks of obesity, diabetes, 

hypertension and renal diseases. 

The commonest conditions leading to ESRD in Aboriginal populations are diabetes, 

hypertension and glomerulonephritis (Van, BP, Gaggin, JA and :Mathews, JD, 1993). In 

1990-94, nearly 40% of Aboriginal patients with newly diagnosed primary renal disease 

also had diabetes (Disney APS, 1995). In 1999, 59% of Aboriginal patients with ESRD 

had diabetes (Disney APS, 2000). 

The outstanding success in correcting malnutrition and infective disease in Aboriginal 

children over last three decades should have contributed to creating a cohort of obese 

adults with hypertension and diabetes. ODea et al found Aboriginals' fasting insulin and 

triglyceride levels were inappropriately high for their very low body mass index and fasting 

glucose levels. This suggests that Aborigines may become susceptible to obesity and 

diabetes if they were exposed to urbanised diet further (ODea, K, White, NG and 

Sinclair, AJ, 1988), (ODea, K, Traianedes, K, Hopper, JL et al. 1988). 
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2.3 Health Economic Evaluation- Principles of Cost Analysis 

2.3.1 Perspectives of Research 

In economic evaluation, it is essential to describe the perspectives of a costing study 

because it reflects the putpose of the study. One item may be considered a cost from one 

point of view, but not be considered a cost from another. 

Without clearly specifying the perspectives of the study, it would not be possible to 

understand the objectives of study, and what costs should be included or excluded. For 

example, costs of food and accommodation are costs for patients when they are not in 

hospital, but they are not costs for the health department ((Drummond, MF, 1998), 

pp.52). Goeree Ret al used a societal viewpoint to analyze the cost of dialysis treatments 

for ESRD. In addition to the inpatient and outpatient costs related to dialysis treatments, 

patient costs were also included, such as costs of transportation for dialysis treatments and 

out-patient clinic visits and parking, and the cost of dialysis partner's time for home 

haemodialysis (Goeree, R, Manalich, J, Grootendorst, Pet ~1. 1995) (See table2.1). 

2.3.2 Cost Components 

Due to the different perspectives, different studies can include different cost components 

or cost categories (see table 2.2). In analysis of PD costs, Prichard included the costs 

based on costs of institutional levels: unit, institutional, health care systems (Prichard, SS, 

1996). Social cost was excluded in that study, as it was extremely difficult to measure. At 

the unit level, the cost components were dialysis supplies, nursing, and medical staff. At 

hospital level, costs were the maintenance, laundry and laboratories, at the institutional 

level they were costs of surgical procedures etc. Rodriguez covered the following cost 

items to compare costs between PD and in-center HD in a Spanish unit: personnel costs 

(nurse, physicians, and assistant stafQ, drug costs such as fluids, plasma, heparin, and 

Erythropoietin (EPO) etc, disposal costs, laboratory, transportation and hospital overhead 

costs (Rodriguez, CA, Perez, FM, Bouza, Petal. 1996). 
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Table 2.30: Costs under Alternative Perspectives 

O:>st Element 
Medical care 
Units 
Costs 

Patient and 
Patient Family 
Out-of-pocket expenses 
Those paid out-of-pocket 
Amount paid out-of-pocket 

Cost of patient time for Opportunity cost to patient 
treatment or intervention 
Marketed caregiving Out-of-pocket expenses 
l!~ked, informal care Opportunity cost to caregiver 
gtvmg 
Transportation and other All costs 
non-medical services 
Sick leave, disability, other Amount received 
transfers 
~'Taken from (Marte, RG, 1996), pp. 187 

Societal 
All medical care costs 
All units 
Opportunity cost 
including admin costs 
Cost of all time used 

All costs 
All costs 

All costs 

Admin. costs only 

Self-Insured 
Employer 
Covered expenses. 
Those covered 
Amount paid + admin. cost 

Only if affects productivity, paid 
sick time, admin costs 
Covered payments 
None 

None 

Public or 
Private Insure 
Covered payments 
Those covered 
Amount paid + admin. cost 

None 

Covered payments 
None 

None 

Amount paid by employer +own Amount paid by insurer +own 
admin. admin 
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Care Plans 
Covered services 
Those covered 
Marginal cost 

None 

Covered payments 
None 

None 

If anypaid 



Table 2.31: Cost Components under Alternative Perspectives 
Year/location of field of study objective of study Cost Oassifications ~ 
study I population 
95, Canada peritoneal 

96, Span 

95, Canada 

95, Literature 
rev1ew 

94, Sweden 

95, Medline 
Review 

dialysis I 
population of 
631,000 
home and in
centerPD 
I 126 patients 

ESRD 1236 
patients 

Asthma 

stroke 18.5 
millions 

strokes 

analysis of costs of unit-level(1): dialysis institutional-level(2): health-care 
dialysis, costs difference suppliers, nursing, (1) +maintenance, laundry, system(3): 
around world, economic medications lab, in-hospital care, (2)+doctor's fee, 
impact on treatment surgical costs, other transportation 
compare analysis of real personnel: incomes of drug expenditure: disposal: dialysis-
costs of different dialysis physicians, nurses, and solution, fluids, plasma related, and not 
modalities assistants substitute, heparin, EPO related 

cost of alternative dialysis 
modalities for ESRD 
from societal point of 
VleW 

hospital based: dialysis 
treatment, inpatient 
(hospitalised, surgical), 
outpatient ~ab, social work, 
physiotherapy) 

estimate the proportion of resource consumed: drugs, 
the cost represented by device, physl nursing service, 
uncontrolled asthma hospital cost, social support 

disposal, equipment, capital 

cost-effective analysis, 
direct, indirect costs 

costs 
direct costs: hospital, 
outpatient care, social 
services, other 

etc 
professional: inpatient and EPO 
outpatient fees 

resource lost: time-off 
work, time spend by 
looking after patient, 
premature retirement or 
death 
indirect costs: sickness 
benefit(p), early 
retirement, death before 
the age of 65 

lifetime direct and indirect medical cost: 2-year direct lost productivity: market, 
cost, lifetime cost/person, cost,, drugs, long-term follow non-market productive 
aggregate lifetime costs up costs, nursing home costs activity 
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social costs(4): 
(3) + loss of work 
by patient 

Lab. transport: indirect 
operating cost: 
expenditure, and 
maintenance 
patient cost: 
transportation, 
partner time 



From a societal point of view, Goeree (1995) employed social costs apart from costs of 

hospital care, professionals, and EPO to estimate the costs of alternative dialysis 

modalities (Goeree, R, Manalich, J, Grootendorst, Petal. 1995). Dor used the following 

cost items to estimate Medicare costs of alternative modalities: labour, drugs, supplies, 

laboratories, and depreciation of plant and equipment (Dor, A, Held, PJ and Pauly, MV, 

1992). Bruns (1998) collated costs of inpatient, outpatient, medical surgical, anaesthesia, 

and radiology to determine the effect of a capitated reimbursement scheme on care of 

dialysis patients both in HD and PD (Bruns, FJ, Seddon, P, Saul, Metal. 1998). Inpatient 

costs included all costs incurred while patients were staying in the hospital, which were 

room costs, inpatient dialysis, laboratory costs, operating room, medical and surgical 

supplies, inpatient pharmacy, cardiology, etc. Outpatient costs were composed of costs 

incurred when patients were not staying in the hospital, which were outpatient dialysis, 

outpatient pharmacy, operating room, emergency room, and laboratorycosts. 

2.3.3 Approaches of Cost Allocation 

Two points needed to be addressed here in terms of cost allocation - allocation of 

overhead (indirect) cost to the final product and cost allocation among different services 

or program 

Overhead cost is an accounting term for those resources that serve many different 

departments and programs, e.g. general hospital administration, central laundry, medical 

records, cleaning, porters and power etc. There are a number of approaches that can be 

used to determine a more accurate cost of a program in a hospital or other health settings 

where shared (or overhead) costs are involved. The overhead costs are allocated to other 

departments on the basis of some measurements, called an allocation basis. In hospital, 

the allocation bases are labour related (number of employees), space related (floor space), 

and service-related (number of employees, patient volume, or weight of laundry washed) 

etc (Butler JRG, 1995). 

There are four methods available in overhead cost allocation. They are: 

1. Direct allocation: Each overhead cost is allocated directly to final cost centers (CG), 

ignoring interaction of overhead departments. This method is related to relative-of-cost

to-charge (RCQ and relative-value- unit (RVU) (see detail on next page). 
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2. Step down: The overhead departments are allocated in a stepwise fashion to all of the 

remaining overhead departments and to the final CCs (Butler JRG, 1995). 

3. Step down with iterations. The overhead departments are allocated in a stepwise 

fashion to all of the other overhead departments and to the final CCs. This procedure is 

repeated a number of times to eliminate residual unallocated amount (Butler JRG, 1995). 

4. Simultaneous allocation: This method, a full adjustment for interaction of overhead 

departments, is based on step down and step down with iterations, but it solves a set of 

simultaneous linear equations to give the allocations. It gives the same answer as step 

down with iterations but involves less work (Butler JRG, 1995). 

Three methods are used to allocate costs among programs. They are RCC, RVU and 

activity based costing (ABQ. 

1. RCQ RCC costing method represents the "step-down" indirect cost allocation 

methodology. RCC is defined as total indirect costs divided by total charges. This is used 

in a department where there is more than one program sharing overhead costs. The 

treatment cost for one program is estimated within departments by applying the RCC to 

its revenue generated (West, ID, Balas, EA and West, DA, 1996). 

When RCC is applied, it implies at least two assumptions: 1) that indirect costs comprise a 

single pool (that is, allocated costs are interchangeable, 2) that each type of service 

consumes indirect costs in the same proportion. Under these assumptions, controlling 

costs is less important as long as total revenue exceed total costs. 

2. RVU: RVU establishes standard measures of treatment intensity based upon the 

complexity of a procedure, the amount of resources consumed, and the time spent 

delivering a treatment. The RVU costing method attempts to overcome the above two 

assumptions that underlie the RCC method. It provides a clinical basis for assessing 

resource consumption and is more accurate measures of service costs than RCC. It 

assumes that indirect costs actually represent the resources that are available for use by the 

organization (West, ID, Balas, EA and West, DA, 1996). 
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3. ABO ABC is a growing method for hospital costing study (Ramsey, RH, 1994), 

(Udpa, S, 1996). 1bis is not a separate method from step-down related methods, but 

emphasizes the importance of identifying the activities or inputs that drive the final cost 

of a product or setvice (Drummond, MF, 1998). It originally developed in industry and 

achieved some success in the manufacturing area due to the discrete activities that are 

inherent to the manufacturing process (Carlomagno, M and Draper, V, 1997). In the 

health care environment, the method is less clear as patient care can take any of several 

paths and the "activities" are not as clearly defined. Nonetheless ABC has been quickly 

developed in the recent decade, especially in hospital cost analysis in U.S.A and Canada 

(Butler JRG, 1995). Some experts believe the ABC method is potentially the most 

accurate method for determining the actual cost of care compared to conventional 

method (Balas, EA, Hicks, LL, Stone, JV et al. 1995), (West, ID, Balas, EA and West, 

DA, 1996), because ABC method emphasizes the linkage of resource input to setvice 

units of patient care. In the allocation of overhead cost, a series of key cost drivers which 

relate to activities/inputs are used (e.g. paid hours for administration, square footage for 

housekeeping and electricity, instead of using a more general allocation basis for all 

overhead departments. 

Balas, West et al applied the ABC method in a costing study of a renal dialysis center in 

the USA in 1995 (West, ID, Balas, EA and West, DA, 1996). In that center, two 

alternative dialysis treatments were provided, haemodialysis and peritoneal dialysis. 

Haemodialysis was an equipment-intensive, in-clinic form of treatment that obviously 

consumed more clinic resources than peritoneal dialysis. When the ABC method was 

used, both general overhead and nursing setvices were allocated to the different 

treatments by decomposing each of them into several cost pool categories. These cost 

pools include the following, using different allocation bases: nursing administration and 

support staff (number of dialysis treatments), registered nurses and enrolled nurses (full

time equivalents), dialysis machine operations (number of dialysis treatments). Then the 

expenditures can be identified according to the activities and resources consumed under 

specific treatments. 

The ABC method has two primary advantages over the RVC and RCC according to West 

1D et. al. (1996). It more accurately reflects resource consumption at the treatment level, 

and it more directly identifies the resources consumed by cost object (treatments, patient 
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groups, or physicians/ nurses/ administration stafQ (West, ID, Balas, EA and West, DA, 

1996). 

2.4 Alternative Administrative Tools of Health Resource Allocation 

There have been significant developments in methodologies for the allocation of 

healthcare resources, prompting moves from "historical-based funding" and casemix 

"output-based" funding in the acute care sector to "population-based outcomes models" 

in the whole health sector. The traditional health resource funding models have some 

potential disadvantages in application to specific health service delivery. The most recent 

trend is to run two or more resource allocation mechanisms in parallel. The intent of this 

reform is to provide economic incentives to provide care effectively and efficiently. 

Historical based funding, a cost-based funding approach, is funded based on what health 

organisations spent in the previous year (Eagar K, 1996). With this model, it is easy to 

control the costs, providing funds comparable to what costs were spent in the previous 

year. But it is irrelevant to health outcomes and thus pro_vides no incentives to improve 

the output or outcome. It also ignores the costs of care, such as medical, nurse or 

laboratory costs (see table 2.40). 

Outcome based funding focuses on the change of health outcomes. Health outcome is 

defined as a change in the health of an individual, or a group of population, which is 

attributable to an intervention or service interventions (The "Sunshine Statement", 

Australian Health Ministers' Advisory Council1993). But measures of changes of health 

status are highly variable and influenced by patients' characteristics, and by the service 

providers (Eagar K, 1996). Payment for services on the basis of health outcomes is neither 

possible nor desirable. Several reasons from Seagal L. are summarised here (Segal L, 

1996): outcome measures might be achieved but hard to apply to other services 

implemented in different populations. Some immediate outcomes to family and 

community are hard to estimate or predict; the outcomes may depend on other services as 

well. Outcomes are highly variable and influenced by patients' characteristics, and by the 

service providers. There are too many variables that affect the measurement. 

A practical approach of outcome-based funding model has also arisen from the definition 

of health outcome itself, as the change attributable to an intervention would be 
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unacceptable in some situations. Eager K (1996) argues that persons receiving palliative 

care services always have a decline in health status over time till the end point of their 

death. The goal of intervention here is not to cure but to improve the quality of life for 

both the individual and family. Simple measurement of changes in health status before 

and after intervention does not help us to understand the contribution of palliative care 

services in improving health status. So the health outcome here in palliative care service is 

the change of quality of life of persons and their family before and after intervention. 

Most outcome-based funding models are actually based on health service output. But 

again, output-based method focuses on productivity, and average cost of care, and carries 

little or no incentives to improve the outcome of care (Eagar K, 1996). 

Table 2.40: O:>mparison of Various Methods of Resource Allocation 
Advantage Disadvantage 

Historical- based Cost is easy to manage and There is no incentive to improve outcome and 
control. output. 

Outcome -based It is an incentive to improve It is difficult to measure outcomes and changes 

Output -based 

Needs -based 

health outcome. of o~tcon:_es maybe influenced by non-health 

It is an incentive to deliver 
services efficiently. 
It links funding to health 
status at community level. 

serv1ces. 
It ignores change of health outcome and health 
status. 
It disregards efficiency and effectiveness of 
service delivery. 

A need-based (population-based) funding model eventually allocates the final health 

resources to the defined population on the basis of their volume and their needs. It also 

raises some additional problems. Harvey R (1996) pointed out that the type of services 

accessible and uptake of services and community care all contributed to determine the 

health outcome for the population for whom services are necessary. But the issues of 

attributing health outcomes to the services are more complicated compared to attribution 

for an individual service. In addition to health care interventions, public services in non

health sector, namely changes of socioeconomic environment, also make great 

contributions in improving public health status. 

HBG, a method of disease based economic modeling, was developed as a planning tool 

simultaneously by groups in the NHS Executive in UK in 1995. Sanderson, H and 

Mountney, LM (1998) Segal, L and Richarson, J (1997) and National Health Service 

Executive (2000, 1997) described HBG as a method of categorising the population in 
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tenns of its needs for healthcare and its likely ability to benefit. Linking needs, services, 

costs and outcomes, HBG compensates for the disadvantages of those approaches 

mentioned above. It gets national recognition within health sectors in Australia. 

Similar to DRGs, which group patients with similar resource use in the acute care setting, 

a HBG contains people with similar healthcare needs who, given appropriate care, are 

likely to have similar outcomes or benefits. 

Summarised briefly, this approach sees the mapping of people and resources needs as a 

matrix. In table 2.41, columns divide the population into five groups: those not at risk, at 

risk, needing ambulatory care, needing acute care and needing long term support. The 

rows describe the types of service available, and the cell entries are the cost of resources 

used at each level of care. People not at risk require health promotion and education; 

those who are at risk but asymptomatic need preventive programs and perhaps screening; 

those at the stage of early disease need primary medical care; those at the acute stage of 

diseases need acute care, and those at the chronic stage n_eed continuing care. Diagnoses 

are then grouped as in DRGs into categories the similar resource use (Deeble, J, 1999). 

Deeble J. (1999) also pointed out that the advantages of the model were aggregating 

related conditions, service use across the whole population rather than the subset who 

present themselves to health care providers, and across all functions from prevention, 

diagnosis and various levels of acute illness treatment to long term support. From the 

public health viewpoint, they are the only presentations which place preventive outlays in 

the context of others and highlight the relationships between them 

T bl 2 41 He lth B f G a e : a ene It roups: P ul . IS . Ma . Opl au on erv1ce tnx 
Populations 

Services Not At Risk At Risk Symptomatic Acute Illness Chronic Illness/ Disability 

Promotion 

Prevention 

Investigation 

Acute Treatment 

Continuing Care 

Taken from (NHS, 2000) and Deeble J. (1999) 
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As Deeble stated, there are potential disadvantages of the model. First, their information 

content is likely to be limited for quite some time. The second problem is with data. As 

there are significant differences in the way in which conditions are perceived and recorded 

at the various levels of delivery system, a relative small set of conditions is likely to 

dominate outlays. 

2.5 Renal Diseases Related Prevention and Intervention and Indicators of Service 

of Outcomes 

The major task of nephrology today is to reduce the number of new patients reaching 

ESRD (Mackenzie, HS and Brenner, BM, 1998). In light of mechanisms of chronic renal 

failure, this can be achieved either by preventing the nephropathies that initiate 

progressive loss of renal function (primary prevention) or by arresting/ retarding the 

tempo of disease progression once chronic loss of function is established (secondary 

intervention) (Mackenzie, HS and Brenner, BM, 1998), (Stewart, C, 1992). 

Strategies of prevention should be designed to inte~pt the "common pathway'' 

mechanisms of progression of renal failure, together with reducing or modifying 

coexisting diseases, such as hypertension, hyperglycaemia, and hyperlipidemia (Garrett, PJ, 

Bass, PS and Sandeman, DD, 1994), (Brenner, BM, 1994). In the last decade, various 

clinical trials have been done in retarding the progress of renal failure by administrating 

ACEi (Mackenzie, HS and Brenner, BM, 1998), and increase patients' survival years. 

Other interVention programs include glycaemia control and anti-hyperlipidemic treatment. 

Before the development of chronic renal failure, it is essential a patient be referred to 

nephrologists timely so that renal failure can be postponed. Some argue that nephrologists 

can provide more comprehensive and more cost-effective care than GPs (Ifudu, 0, 

Dawood, M, Home!, Petal. 1996), (Hakim, RM, Breyer, J, Ismail, Net al. 1994). Some 

interventions for selected outcomes at the early stages can delay disease progression and 

avoid some of potential complications of chronic renal failure (Ifudu, 0, Dawood, M, 

Home!, Petal. 1996), (Hakim, RM, Breyer, J, Ismail, Net al. 1994). 

Numerous studies have found that prolonged hospitalisations and associated costs are 

linked to delayed initiation of treatments of ESRD patients (Ifudu, 0, Dawood, M, 

Homel, P et al. 1996). Hospital stays were more than three times longer and five times 
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more expensive for patients who were referred late to nephrologists compared with those 

referred earlier (Hakim, RM, Breyer, J, Ismail, Net al. 1994). Timely referral to specialists 

can facilitate earlier discussion about preparations for dialysis treatment, ensure timely 

placement of a permanent dialysis access, such as arteriovenous (A V) fistula or peritoneal 

catheter. Early prescription of dialysis modality and adequate dose of dialysis can reduce 

metabolic abnormalities, shorten hospitalisations and reduce mortality (Dunn, EJ, Burton, 

q and Feest, TG, 1999). Arora Petal found that compared to early referral, late referral 

was usually accompanied by hypoalbuminemia (56% versus 80%), lower hematocrit 28% 

(33% versus 55%), and lower GFR 5 mV min per 1.73 m2 (17% versus 40%) at the start 

of dialysis. The patient was less likely to receive erythropoietin (40% versus 17%) or have 

a functioning permanent vascular access for the first haemodialysis (40% versus 4%) 

(Arora, P, Obrador, GT, Ruthazer, Ret al. 1999). 

Outcomes that have been measured in general patients are mortality, morbidity, years of 

smvival, and quality of life. Most studies from UK use health-related quality of life, an 

indicator based on outcomes and patients' satisfaction to assess the health outcomes of 

patients. In terms of measures of quality of life, three dimensions are mentioned in their 

study: physical (impairment, disease specific measurement, pain scales and measurement 

of functional status), social (social support and disability) and mental (mental depression 

and social adjustment). 

Mortality, morbidity and years of smvival are indicators of final outcomes. Measurement 

of final outcomes is often costly and time consuming, but measurement of intermediate 

outcomes, which are linked to final outcomes, is valuable for healthcare management. 

Changes in intermediate outcomes, which impact on final outcomes, can inform resource 

allocation (Drummond, MF, 1998). 

When patients receive intervention treatments, key indicators of intermediate outcomes to 

monitor renal function changes are: blood pressure, glomerular filtration rate and urinary 

albumin creatinine ratio (Ste-wart, C, 1992). Some additional criteria of measurement of 

quality of care are recommended by Hannah et al (see table 2.5.1). 

Adequacy of Dialysis Procedure: It is recognised that lower doses of dialysis are associated 

with increased morbidityand mortality(Hannah et al, 1999), (Rettig, RA, 1996). Adequacy 
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of dialysis can be measured using either Kt/V or the urea reduction ratio (URR). In Kt/V, 

K represents the clearance rate of urea, t the time on dialysis machine and V the patient's 

fluid volume. 

Vascular Access: Loss of vascular access is one of the major complications that limits 

continued effective HD. The costs associated with creating and maintaining a vascular 

access are substantial (National Kidney Foundation-Dialysis Outcomes Quality Initiative, 

1997b). 

Nutritional Status: Nutrition is a major determinant of morbidity and mortality in HD 

treatment patients (Leavey SF, Straderman RL, Jones CA et al. 1999). In general, protein 

and caloric intake decreases to less than the recommended levels. Nutritional status 

should be monitored by serum protein levels and changes in body mass index (I-Iannah et 

al, 1999). 

Anaemia: HCT level as well as iron levels should be both monitored to assess the severity 

of anaemia and aetiology (National Kidney Foundation-Dialysis Outcomes Quality 

Initiative, 1997a). 

Table 2.50: Monitoring and Interventions in Renal Insufficiency 
Parameter Monitoring Intervention 
Kidney Function Serum Creatinine level Refer to a nephrologists when >=2.0mg/ dL in Men 

Nutrition 

Anaemia 

Weight 
Height 
Upper Arm Anthropometry 
Serum Protein Measures 
HCT /HB level 
Iron Stores 

Renal Osteodystrophy Serum Calcium Levels 
Serum Phosphate Levels 

Risk Factors 

Initial of Dialysis 

P1HLevels 
Hypertension 
Hyperlipidemia 
Smoking 
Diabetes 
Weekly renal Kt!V 
Creatinine Oearance 

Adopted from (Hannah et al, 2000) 
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and l.Smg/ dL in women 

Maintain bodyweight 
Prescribed protein- restricted diet 

Prescribed Epoetin alfa 
Prescribe iron supplements 
Restrict phosphate 
Prescribe calcium-containing phosphate binders 
Prescribe Vit D supplment 

Control blood pressure 
Reduce elevated total and LDL cholesterol 
Initiate cessation program 
Strict glucose control 
<2.0 
9-14 mL/min/1.73m2 



2.6 Zero-Based Costing Model (ZBCM) 

Zero-based budgeting model (ZBB1v1) "Was developed in Texas in 1970. But not until a 

decade later, "Was the ZBBM system widely used in various stages in health organisations 

(Dillon, RD, 1977). 

In ZBBM, all levels of management start from zero and estimate the resources required to 

fund the year's activities. This model requires past budget decisions to be reevaluated each 

year. ZBBM assists managers to control costs and to optimise available resources, i.e., to 

use health resources effectively and efficiently at the organisation level (Calamari, FA, 

Jezarian, GM and Wagner, R, 1979). But it also provides an alternative approach for 

managers to estimate resource needs according to business priorities (Bany, P, 1993). The 

disadvantage of ZBBM is that it is very time-consuming to perform the analyses and 

reviews (Wareen, R&F, 1993). 

When ZBBM is applied in costing studies (named as ZB0\!1), costs related to all activities 

at the operational level are captured. Identification of activities within a specific program 

is a key step in summarising total costs of a program O'Brien (1998) used ZBCM to 

estimate the costs of various dialysis modalities for ESRD Patients (CD.O'Brien, 1998). 

He traced the following cost items related to services in hospital based HD: labour 

(nursing, medical, allied health), disposals, drugs, food, linen, electricity and water, 

pathology, imaging, clinical measurement, and creation of AV fistula (in-patient 

procedure). 

ZBCM has its potential advantage compared to Top Down hospital costing model (to be 

discussed in 3.3), in that it is not limited to patient cype (Grrrent hospital costing model, 

COMBO model is onlyapplied to inpatient costs). Together with hospital costing model, 

using ZBCM would give a whole picture of cost of dialysis treatment for patients with 

ESRD. 

2.7 Hospital Cost Analysis 

2.7.1 The DRG Hospital Payment Scheme 

The DRG hospital payment scheme "Was originally developed in U.S.A on 1st October 

1983, a radical change of payment system in hospital settings. Not until 1992 was the 

Australian National DRG (AN-DRG) classification adjusted to the Australian health care 
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system The current AN-DRG vemon 3 (AN-DRG3) was based on Im-9-CM 

(International Oassification of Diseases, version 9, Oinical Modification). Primary 

diagnosis was not the only characteristic used in constructing the groups. Other attributes 

finally employed included some or all of the following: secondary diagnosis; primary 

surgical procedure; secondary surgical procedure; age and clinical service area. Hence, the 

DRGs did not simply represent aggregations of IQ) codes ((Department of Human 

Services and Health, 1993) pp.71). The new scheme differed from the old in three 

important respects (Butler JRG, 1995). First, the unit of payment has changed from 

"services provided" to "cases discharged" classified by DRG. Second, the payment is no 

longer made on the basis of costs incurred but is an established payment rate for each 

discharge taking account of the patient's DRG classification. Third, payments will be 

made prospectively (before the care is given) rather than retrospectively. 

Since the DRGs are mutually exclusive, under the DRG payment scheme, a hospital's 

total revenue is given by the multiplication of the total number of cases discharged in one 

hospital times the payment rate and by the proportion of cases for the relevant DRG. 

TRj =nLpijri 
i 

Where 7R = total revenue for the f hospital, 

n =number of cases in the tDRG in the f hospital, and 

r = payment rate for the t DRG 

p = proportion of cases in the fDRG in the f hospital 

(2.611) 

Rearranging equation 2.611 gives the average revenue as the weighted mean of the 

reimbursement rates in each DRG with weights being the proportions of cases in each 

DRG, as follovvs: 

ARj = TRj I nj = LPij'i (2.612) 
i 

or AR=;Lpijwi (2.613) 
i 
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Where r =mean reimbursement rate for all DRGs, and 

w,. = r,. I r = reimbursement rate for the t DRG relative to the mean. 

1R = total revenue for the r hospital, 

n= number of cases in the i"DRG in the/ hospital, and 

From the equation 2.612, it is evident that a change in the hospital's average revenue per 

case from one time to the next will arise from either a change in the case mix proportions 

(the pij) or a change in the payment rate for one or more DRGs (the r,.). The payment 

rates in tum may all vaty by a uniform percentage or relativities are maintained, or the 

relativities may be altered, such as in equation 2.613. 

2.7.2 Hospital as a Multiproduct Firm-Economic Theoretical Review 

A hospital is a multiproduct firm which produces various products, such as DRGs. From 

an economic point of view, a multiproduct firm can either be jointness or non-jointness. 

Jointness is when the production of the two commodities together result in a higher 

frontier being attained than that if they are produced separately. Conversely, if production 

of two commodities together does not result in the attainment of a higher production 

possibility frontier then the process is characterised by non-joint production ((Butler JRG, 

1995), pp.l2). 

If joint production exists, then the firm's cost function will exhibit economies of scope, 

that is the firm can take advantage of cost savings. These economies of scope arise 

because it is possible to share at least some inputs between the production of two or more 

commodities, i.e., some inputs may be used in common in the production of several 

outputs. In hospitals, overhead cost can be shared by different departments. 

2.7.3 Application To The DRG Payment Scheme 

The DRG payment scheme is designed to cover all the costs of treating cases within a 

DRG, subject to a certain exceptions. This implies the following assumptions about 

hospital costs. First, the scheme presumes that all costs are separable, i.e .. the production 
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is non-joint. Second, within each DRG, the scheme presumes that all costs are variable 

and that average and marginal costs are equal and constant. 

But if the assumptions above break down, the change m caserrux may lead to a 

discrepancy between total revenue and total costs. 

2.8 Statistical Analysis 

2.8.1 Multiple Linear Regression (MLR) Analysis 

MLR analysis is widely used in cost analysis to estimate the effects of independent 

variables on costs. In Dar's study, variables included age, race and number of free

standing machines (Dar, A, Held, PJ and Pauly, MV, 1992). In the 1996 Annual Report of 

USRDS, these variables and also vascular procedures were included (Buder JRG, 1995). 

Age, sex, type of renal disease, ischaemic heart disease, insulin-dependent diabetes 

mellitus, and nutritional status were all included in Goeree's study (Goeree, R, Manalich, J, 

Grootendorst, Petal. 1995). 

Researchers tend to include as many variables as possible in order to maximize a model's 

predictive ability. But adding another independent variable to a set of independent 

variables always increases the coefficient of detennination R2
• Therefore, independent 

variables should not be added indiscriminately, but only for good reason (Wayne, WD, 

1999). Many strategies are in current use, and each has its proponents. Unfortunately, 

different strategies do not lead to the same solution when applied to the same problem 

These strategies are: forward selection, backward selection and stepwise selection. 

A stepwise variable selection approach is widely documented in the literature review. 

Chaix, C, Durand-Zaleski, I., Alberti, C et al (1999) applied stepwise selection to identify 

the information routinely collected on patients in intensive care units (ICUs) detennining 

the total cost for a given patient (Chaix, C, Durand-Zaleski, I, Alberti, C et al. 1999). 

Lamers, L.M (1999) also used a stepwise procedure to incorporate variables which can 

improve predictive accuracy of the Diagnostic Cmt Group (Lamers, IM, 1999). The 

relationship between morbidity and the social demography of general practice populations 

influencing the prescribing costs of individual practices has been studied employing 

stepwise regression procedure (Mackenzie, IF, Buckingham, K, Wankowski, JM et al. 

1999). 
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2.8.2 Time-series Model in Predicting Volume of Dialysis Treatment 

There has been an increasing application of time-series models in the last decade. A 

modest objective of any time-series analysis is to provide a concise description of a 

historical series ((Peter, JD, 1990), pp.lO). This description consists of a few summary 

statistics, with one or more graphical representations of the data. A more attractive task of 

time-series is to forecast future values of a series. 

Time-series modelling has been widely used in the fields of medicine (Sumi, A, 1998), 

epidemiology (Quenel, P and Dab, W, 1998), (Catalano, Rand Serxner, S, 1987) and 

health economics (Kendix, M and Getzen, TE, 1994), (Radosch, U, 1995), (Gravelle, HS, 

1984). For example, Abdel-Aal applied Autoregressive Integrated Moving Average 

(ARIMA) model to forecast the monthly patient volume at the family and community 

health clinic of King Faisal University in Saudi Arabia (Abdel-Aal, RE and Mangoud, AM, 

1998). The technique has been widely used to study heart-rate dynamics as well (Abdel

Aal, RE and Mangoud, AM, 1998). The ARIMA model has been proven to be very 

useful in predicting future values when there is a significant random component (Peter, 

JD, 1990), (Sumi, A, 1998), (Quenel, P and Dab, W, 1998), (Catalano, Rand Serxner, S, 

1987), (Kendix, M and Getzen, TE, 1994), (Radosch, U, 1995), (Gravelle, HS, 1984). The 

selection of a best model includes a consideration of choosing appropriate values of 

period of autoregression (p), order of difference (d) and order of moving average (q). 

Though sufficient in forecasting, it is subjective to determine the values and to interpret 

autocorrelation function. When a univariate forecast model is developed, it is not possible 

to take into account other economic variables, neither should such information be ignored 

if a knovm change in bank interests is imminent. Therefore, it is wise to adjust the 

interpretation of predicted value. 
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The perspectives and boundary issue of the study are discussed in section 3.1 according to 

the objectives of the study. General tenns used in the thesis are defined in section 3.2. 

Section 3.3 discusses data and data management. Section 3.4 explains the top down 

method in detail and is followed by an introduction of a computer software package of 

ffiMBO, which is used in the study. Section 3.5 stated methodology of the bottom up 

method. In section 3.6, procedures of statistical analysis are discussed. The statistical 

analysis in the study included description, simple chi-square and Fisher's, multiple 

regression and time-series analysis. The exact simple chi-square and Fisher's were used in 

comparing the demographic and cost difference between study groups. voss-sectional 

analytical study was applied to identify the association between the Aboriginality and 

diseases. A regression model was utilized to define the impact of comorbidities on costs. 

Finally, a time-series model was analyzed to predict the future volume of dialysis 

treatment. The following computer software packages were used in the study: SAS 6.12, 

ffiMBO (Access based), Stata and Excel 97. 

This chapter summarizes the following methodologies applied at three different stages of 

the study. They were hospital costing study, data analysis, and extended study on renal 

specific HBG/HRG model. 

Stage 1-A hospital Costing Study: At this stage, a ffiMBO model was used in estimating 

an average cost of each DRG. All hospital patient's and financial data were stored in the 

SAS program SAS program is used to extract the defined study population and their 

DRGs costs. A zero-base costing model -was also discussed here to estimate the cost of 

home-based CAPD patients. 

Stage2 - Statistical Analysis: The extracted data from SAS program, containing patients' 

morbidities and costs, was transferred to a Stata format (Version 6). The descriptive, 

cross-sectional and regression analysis were conducted by using Stata program 

Stage 3 -Renal Specific HBG/HRG model: HBG/HRG definition for renal disease -was 

developed at this stage. Series indicators of service output and health outcomes were 

suggested to monitor the efficiency and effectiveness of renal service delivery. The 

following available information, such as number of separations, incidence and prevalence 
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of renal dialysis patients and hospital mortality rate were used to demonstrate the dynamic 

change due to the change of service patterns. 

3.1 Perspectives and Boundary Issues of the Study 

Due to the different objectives of costing studies, different perspectives approaches have 

to be taken and clearly defined. Various perspectives can also help us to determine which 

costs should be in and out, and what cost components should be included in the study. 

Tills study was undertaken from health department's point of view for funding purposes. 

Through this study, we have tried to understand the annual cost of renal dialysis treatment 

for each ESRD patient. Costs included were those under 1HS budgets, and costs from 

other government were virtually not included unless they were specified. Cost 

components in the studywere discussed in the section 3.3. 

Both CAPD and HD patients were included in the study, but their costs were estimated 

separately. Renal registry data from the dialysis satellite unit provided information of 

home-based CAPD patients. HD patients were identified bydialysis procedure code 3935 

in ICD-9-CM in hospital morbidity data. Any patient who attended routine haemodialysis 

treatment (definition referred to section 3.2) was included in the study. Therefore, this 

study did not include the population of 

(1) acute renal patients without having routine HD treatment, 

(2) CAPD patients without having routine HD treatment, 

(3) and did not include episodes of HD patients with temporary CAPD treatments 

outside hospitals. 

3.2 General T enn 

At the time of study, Royal Darwin Hospital was the only dialysis facility center in the Top 

End of the NT. A satellite renal dialysis unit (RDU) in Nightcliff, established in 1993, is 

affiliated to RDH and it accepts only stable patients. The renal ward in the hospital mostly 

takes in new dialysis patients and those with emergencies or acute problems. 
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Equipment, disposable material and fluids for haemodialysis treatment (HD) in RDH are 

provided under a contract as Price Per Treatment (PP1) with a dialysis machine 

company. This company provided dialysis machines ranging from 8 in 1993 to 19 in 

1998. In the RDU and the renal ward, two shifts of HD treatment are provided and each 

dialysis patient has 3 treatments a week, so that each HD machine supports 4 patients, 

provided the patients have no blood-borne infectious diseases necessitating use of 

isolation machines. The life of a HD machine is between 5-8 years depending on usage 

patterns (Professor Farrel, Coronia! inquest, Feb 1979, Glebe NSW). Between 1993-1998, 

the negotiated PPT was at $96, which included: machine and water plant, service fee 

(includes technician's salary), consumables (bloodlines, clean cart-C, needle, bicarbonate, 

arteriaVvenous lines, dialyser, concentrate, single needle for dialysis and disinfection for 

machine), wastage, nurse education, transportation of material under the contract and 

warehouse fees. The detailed components of PPT are explained in table 3.2 according to 

the contracted company. 

Table 3.20: Components of Price Per Treatment (PP1) 
PPT $ Cost % of Cost 
Machine and water plant 24 24.9% 
Service (technician) 3 3.1% 
Consumables 56 58.0% 
Wastage 1.5 1.6% 
Education 2 2.1% 
Transportation and warehouse 10 10.4% 
Total Cost 96.5 

The hospital mortality rate in this study was defined as the proportion of number of 

deaths to total dialysis patients. It included patients dying from uremia or dialysis-related 

diseases or other diseases. 

There are two types of episodes of care for ESRD patients, routine HD treatment (RH1) 

and hospitalisation. Service delivery related to HD treatment alone in same day episode is 

known as routine dialysis treatment, with the DRG 572. Other same day episodes of HD 

treatment may be those RHT with extra care. These are the cases where patients have 

other problems and need extra care or medication during dialysis treatment, but are still 

2 The name of the company is confidential, and it can be revealed by the pennission of the company 
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discharged at the same day. Hospitalisation is another type of episode, which delivers 

services to patients who are hospitalised to treat comorbidities and complications, 

together with dialysis treatment. These patients are non same day patients who are 

discharged on a different day to their admissions. In the study, hospitalisation is defined as 

patients having RHf with extra care as well as those admitted to hospital to treat 

comorbidities. 

Patient year is defined as the interval on dialysis program within a year, i.e. between the 

first date of treatment for a patient and the last date of treatment for that patient divided 

by 365.25 days. A patient year is also adjusted by a 7-day rule, ie, if interval days between 

two treatments over 7 days, this 7-days should be ruled out from actual patient year. 

Therefore patient year ={(date of end in the study period - date of start in the study 

period) - sum of intervals between two treatments with more than 7 days}/365.25. 

Patient years is further categorized into <0.5 year, 0.5-1 year, 1-1.5 years, 1.5-2 years and 2 

years. Patient year is used for calculation of number of admissions, LOS and costs 

adjusted for time. Cost per patient year is the total cost -a patient uses in 2-year period 

divided by patient year of individual patients. 

All DRGS were aggregated into 13 groups. The following three steps were included for 

this procedure (see figure 3.20). Firsdy, all DRGs were grouped by :Major Diagnosis 

Categories (MDCs) (Department of Human Services and Health, 1993). Then four 

additional groups, which were highly related to dialysis procedure and renal failure, were 

added by using specific 10) disease and procedure codes. These four groups were access 

procedure, dialysis-related complications, fluid, electrolyte and acid disorders and 

septicaemia. The finally 13 groups were shown in table 3.21. 
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Figure 3.20: Flow Chart to Regroup DRGs 

DRG3 
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14 Major Diagnosis I ngrouping 
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and Acid Disorders 
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~ 
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~ 
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Thirteen Regrouped DRGs 

• Renal Dialysis Related Access 
Procedure 

• Renal Dialysis Related 
Complication 

• Fluid, Electrolyte and Acid 
Disorders 

• Septicaemia 

• Digestive Diseases 
• Skin Disease 
• Other Kidney and Urinary Tract 

Diseases 
• Cardiovascular Diseases 

• Respiratory Diseases 
• Diseases of Male/Female 

Reproductive System 

• Other Endocrine, Nutritional and 

Metabolic Disorders 
• Routine Haemodialysis 

• Others 

Table 3.21: Fourteen Regrouped DRGs and related MDCs, DRGs and ICD9 
Thirteen Regrouped DRGs MDCs DRGs (ICD9 in Principal Diagnosis and 

ICD9p in Principal Procedure) 
Respiratory Diseases 
Cardiovascular Diseases 
Digestive Diseases 
Skin Disease 
Other Endocrine, Nutritional and 
Metabolic Disorders 
Other Kidney and Urinary Tract 
Diseases 
Diseases of Male/Female 
Reproductve System 
Septicaemia 
Others 

Routine Haemodialysis 
Renal Dialysis- Related Complication 

Renal Dialysis- Related Access 
Procedure 
Fluid, Electrolyte and Acid Disorders 

MDCA 
MDC5 
MDC6 
MDC9 
MDC10 

MDCll 

MDC 12-13 

partMDC18 
MDCs other than 
mentioned above 

(Department of Human Services and Health, 1993) 
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160-219 
220-299 
300-358 
480-519 
520-549 

550-571, 573-599 

600-669 

808 (or ICD9: 0380-0389) 
<=219, 359-399, 400-479, and others not 
included 
572 
(ICD9:9960-9965,99661,99662,99668, 
99659, 99673 and 99674) 
(ICD9p: 3895, 3927, 3993 and 5493) 

QCD9: 2760-2769) 



3.3 Data Utilisation and Data Management 

3.3.1 Hospital Momidity Data 

Hospital Morbidity Data are collected in the unit record for each separation. This unit 

record contains information on the following items: date of admission and separation, 

demographic information on the patient (age, sex, and usual residence), the identity of the 

hospital and summary information on the principal diagnosis and medical procedure 

pertaining to the episode of hospitalisation. An AN-DRG3 is assigned to each separation 

by age and gender, separation type and primary and secondary diagnosis and procedure. 

For costing studypmposes, patient data from 1996/97 and 1997/98 fiscal years were used 

to match the hospital financial data mentioned in section 3.3.2. 

Additional patient data from Jan. 1995 to Dec. 1999 were also used in time-series as a 

historical data, and in HBG/HRG framework to show the dynamic change of incidence 
-

rate, number of patients having dialysis treatment and mortality rate of patients on dialysis. 

These patients however were all those CAPD and HD patients, and dialysis treatment 

included HD and CAPD. 

3.3.2 Hospital Finance Data 

Hospital Finance Data comprises aggregated expenditure information based on each cost 

center. It "Was further dissected into costs of inpatient and outpatient services. Among in

patient services, healthy newborn, step-down care, mental health, and boarders were 

excluded. 

Finance information from specific CAPD cost centers was also taken to perform CAPD 

costing study. 

3.3.3 Data Management 

Several assumptions were made to edit potential mistakes of values of variables in the 

hospital morbidity data by the following criteria: 
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(1) Following up the majority of infonnation: For each patient, gender and race were not 

completely consistent in the records. Changes were made according to the majority of 

records of each patient. Altogether, 322 records were changed for gender reasons, and 152 

for race reasons. 

(2) For a same day episode of care with principal procedure of encounter of HD, non-

572 DRGs were modified to DRG 572. 

(3) For a same day episode of care with DRG 572, length of stay was equal to one. Fifty

two records were changed due to different separation and admission dates. 

(4) For each patient, patient-year was defined as the length of follow-up in the dialysis 

program during study the period. A 7-day rule was applied to adjust the patient-year, 

which allowed the intetvals between the treatments no more than 7-days. A patient' 

patient-year was calculated by the difference between sum of patient year of each patient 

and sum of intetvals between consecutive treatments over 7 days3
• 

3.4 Methods of Hospital Costing Study-Top Down Method 

A top down method allocates costs from the general ledger to DRGs. COSMOS, 

originally developed in Yale University in U.S.A was the first model used in the hospital 

costing study. There are five steps included in the COSMOS model, which are discussed 

as follows. Figure 3.40 shows the summary of these five steps (Hindle D., 1994). 

Step 1: Defining Hospital Cost Centers Product 

For product costing pwposes, there has to be an individual cost center for every type of 

product. A hospital cost center is a product unit, which creates a range of related 

products. Related products are those which involve use of similar mixes of staff and I or 

equipment, and technically similar production methods. There are two types of cost 

centers, which should be treated separately in the product costing: overhead and patient 

care cost center. 

3 Patient-)t!ar- {(date of end in the study period- date of start in the study period)- swn of intervals with more than 7 day;}/365.25 
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Overhead CQ provides service to other cost centers rather than directly to patients, 

whereas patient care CQ provide services directly to individual patients. Hospital CQ 

should be mutually exclusive and hierarchical in structure. If previous cost centers have 

been created already, it is necessary to adjust CQ based on the purpose of the hospital 

costing study. 

Step 2: Identifying Costs and Passing Them to Cost Centers 

Obviously, for each cost center, costs should be related to the set of products being 

costed in the same financial year period of the study. Accrual accounting ·is more 

appropriate. But some adjustment has to be made if cash accounting is used. At the very 

beginning, all resources consumed in the production of hospital outputs should be 

included. It is still possible to remove some of them later if they are found not relevant. 

Some costs, such as laboratory and medical costs, though they are handled by a direct 

payment from agencies outside hospital, should still be included because these costs are 

incurred in the final product of hospital. 

It is also noteworthy to mention that cost rather than revenue is more relevant in this 

study. The primary concern of this study is to estimate how much the product created in 

the hospital actually cost in total and by component costs (such as laboratory and imaging 

cost). The profitability is not important for a public hospital. The profitability is not 

relevant to this study and won't be discussed here. 

Step 3: Allocating Overhead Costs to Patent Care CQ 

In this stage, it is necessary to decide how to allocate costs of overhead CQ to patient 

CG. The basis for allocation of overhead costs is termed as overhead allocation statistics 

(OHS). The best OHS is one that measures true costs of the services provided by one CC 

to the others. But in practice, they are usually not available. Some indicators of cost data 

might be useful and easily obtained. If similar OHS is used, it is more valid to compare 

across hospitals. 

Some examples of OHS are the number of finance transactions by the finance 

department, the head counts of staff by the personnel department, the number of full 
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time equivalent nursing staff by nursing administration, the floor space by cleaning unit 

etc. 

Figure 3.40: An Overview of the all-DRG CDst Allocation Method 

Step 1 Step 2 Step 3 
Define all CO; 
Adjust costs in 
CCs 

Defining costs 
Pass direct costs to 
CCs 

Identifying OHS 
Allocating overhead 
costs to patient care 
CCsbyOHS 

002 r .. ·o;~~~("~ OHS 2 

'··································= 

003 _j""&:~;h~~d .... ~ OHS 3 

I co I 
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Notes: ffi: cost centers, OHS: Overhead Statistics 
Adapted from Hindle D. (1994) in p.S 
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Step 4: Removing Costs not related to Inpatients 

There are several types of products in the hospital, eg. inpatient, outpatient, and research 

and training etc. In this study, we're only interested in inpatient products. Therefore, it is 

necessary to remove costs other than inpatient costs from this study. The inpatient 

fraction is used to indicate the proportion of inpatient costs to total costs in each cost 

center. 

Step 5: Distributing Patient Care Costs among Final Products 

Now the costs related to inpatients in each patient care cost center are distributed among 

inpatient products by DRG. In order to do that, it is necessary to determine the bases, i.e., 

allocation statistics within CCs. Cost relativity and consumption of service types, weighted 

total consumption of each patient, and service weights by patient type. RVU and ABC are 

some of the ways to obtain these statistics (see section 2.3.3). 

3.4.1 COMBO Model 

The COMBO model, derived from COSMOS has been widely used in costing studies of 

hospital products in Australia. It is highly recommended as a hospital budget model by the 

Australian Commonwealth Government (Commonwealth Government Casemix 

Program, 1996). 

The COMBO screen is divided into two parts, the study and the report screen. Figure 

3.41 shows the study screen, where six files in Excel or text formats (see table 3.4.1) have 

to be inputted into the study screen. 

Table 3.40 Six Basic Files in Study Screen of COMBOModel. 
File COMBO Suffix 
Cost 
Volume 
Weight 
Cost Center Definition {CQ)efs) 
Allocation Statistic Definition {StatDefs) 
Product Definitions {DRGDefs) 
Study Definitions 
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RDH67cst 
RDH67vol 
Ver3wgt 
RDH67cdf 
RDH67sdf 
ANDRG3 
Study 

est 
val 
wgt 
cdf 
sdf 
pdf 



Figure 3.42 shows the six basic RDH files and the links between them. Note that 

COMBO uses names for allocation statistics rather than numbers and that all files have a 

single heading row. 

For the cost file, the following column names must appear: CC, names, Stat, Vol, Wgt, 

lnitCDSt and 1Frac4
• For each allocation statistic name, appearing in the Stat column, there 

must be a corresponding column heading. Several usual statistic overhead categories used 

are labour related (number of employees), space related (floor space), and service-related 

(number of employees, patient volume, or weight of laundtyVJaShed) etc (CDmmonwealth 

Government Casemix Program, 1996). The selection of the above statistic is totally 

dependent on the information available. In this study, only numbers of in-patient staff 

were used. 

The first field in the Volume and Weights file must be Prod. In this case, product is 

represented by DRG. In the volume file, the second column must be the number of 

patients and the third column must be number of days_ (CDmmonwealth Government 

Casemix Program, 1996). 

CDmbo specifically recognises cost, volume, and weight data files. All other files are 

referred to as "list" files, and these are further identified by "list category'' which includes 

items in table 3.41. CDmbo specifically recognises cost, volume, and weight data files. All 

other files are referred to as "list" files, and these are further identified by "list category'' 

which includes items in table 3.41. 

CDst buckets are generally required in the output of the reports. CDst bucket is defined 

through the code matrix, which combines fields of cost area and cost item 

(CDmmonwealth Government Casemix Program, 1996). CDst area is defined as the 

function or pwpose of the cost center such as the renal ward or MRI. CDst item specifies 

the type of input cost, such as nursing salaries, or medical salaries. 

4 0::: code of cost center, Stat: statistics, Voh volume, Wgt: weight, InitG:>st: initial cost and If rae: inpatient fraction. 
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Figure 3.41 Screen of COMBO Model 
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Figure 3.42 Interrelation among Six Basic Files 

CXDefs cc Name 

Cost File 

07256 
07257 
07255 

07277 

RDH_MEDI_RENAL WARD NURSING 
RDH_MEDI_RENAL WARD NURSING 
RDH_MEDI_RENAL WARD NURSING 
RDH_MEDI_RENAL WARD NURSING 
RDH_MEDI_RENAL WARD PCA 
RDH_MEDI_RENAL WARD PCA 
RDH_MEDI_RENAL WARD OPERATIONS 
RDH_MEDI_RENAL WARD OPERATIONS 
RDH MEDI RENAL WARD OPERATIONS 

CostArea 

04119 I ADMINISTRATION GENERAL Drugs 
04116 ADMINISTRATION GENERAL GS 
04197 PATIENT SERVICES MS 
04195 PATIENT SERVICES Oncosts TolaiNSiaff 
~PATIENT SERVICES SWother TolaiNStaff 

RENAL WARD NURSING RenaiMed GS 
07257 RENAL WARD NURSING RenaiMed MS 
07265 RENAL WARD PCA RenaiMed Oncosts 
07264 RENAL WARD PCA RenaiMed SWother 
07279 RENAL WARD OPERATIONS RenaiMed Drugs 
07276 RENAL WARD OPERATIONS RenaiMed GS 
07311 DARWIN RENAL UNIT RenaiDial SWNurs 

NURSING 
07325 DARWIN RENAL UNIT PCA RenaiDial Oncosts 
07324 DARWIN RENAL UNIT PCA RenaiDial SWother 
07337 DARWIN RENAL UNIT RenaiDial MS 

OPERATIONS 

Volume File .. 
DRG3jNPAT NBDAYS DCUW RDUW RENW SCN~REN) 

3321 
411 520 381 0 3 0 0 

491 309 1175 2 0 0 0 0 

570 19 165 1 1 134 0 143 

82 2 11 34 0 47 

7197 869 0 8034 

0 253 

REN 

... 

... 

... 

... 

... 

... 

6741 807 2553 0 0~ ... 
683 923 975 791 0 0 0 

StatDefs Name 

gt 

NURSEUC 
NURSEUC 
ONE 
NURSEUC 
PHARMUC 

~ 
ONE 
NURSEUC 
NURSEUC 

lnitCost IF rae AFrac 

159 
42,753 

4,082 
54,606 

1.127,044 
1,379 1.00 
1,924 1.00 

99 1.00 
14,261 1.00 

345,108 1.00 
57.424 1.00 

General Ledger 
Number of Medical Staff 
Number of Nursing Staff 
Floor Space 
Number of Non Medical and Non Nursing Staff 
Number of Total Staff 
Affiliated Support Fraction 

0.00 842,753 
0.20 5.103 
0.20 68,258 
0.20 1,408,805 

1.379 
1,924 

99 
14,261 

345,108 
57,424 

~ 
866,262 

0 546 
0 41,619 

Weight PRoD ALLIE DC ALLIEDUC ~ PHARMC 
570 1063 529 1179 785 
571 841 131 967 261 

I 
572 609 285 973 204 
573 917 235 1083 403 

ProdDefs DRG3 Name 
562 TRANSURETHRALPROCEDURES-CC 
563 URETHRAL PROCEDURES A>9 +CC 
564 URETHRAL PROCEDURES A>9 -CC 
565 URETHRAL PROCEDURES A<10 
566 INSERTION PERITONEAL CATHETER 
567 OTH KDNY&URY TRCT O.R.PR +MCC 
568 OTH KDNY&URY TRCT O.R.PR +NMCC 
569 OTH KDNY&URY TRCT O.R.PR -CC 

RENAL FAILURE +CC 
RENAL FAILURE .CC 
ADMIT FOR RENAL DIALYSIS 

~ 
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SUPPLYC 
401 
171 
591 
534 



Figure 3.4 3 Code Matrix Links 

CXDefs File GJstArea File 
GJstGJde Name GJstArea COSTifEM GJde Name O;tArea2 

4119 ADMINISTRATION GENERAL Drugs CardioPacemaker Cardiac Pacemaker Unit Oinical 
4116 ADMINISTRATION GENERAL GS CardioThoriCU Cardiothoracic ICU Critical 
4197 PATIENT SERVICES MS Cardio ThorPerf Cardiothoracic Perfusion Critical 
4195 PATIENT SERVICES Oncosts CardioThorSurg Cardiothoracic Surgery Theatre 
4194 PATIENT SERVICES /- ....... SWother Card Transplant ~art Transplant Unit Critical 
7256 RENAL WARD NURSING ~na!Med)- lGs Rena!Dial Renal Dialysis Oinical 
7257 RENAL WARD NURSING Re~d MS --- l;kn~al !-hemodialysis ""imc~ 

7265 RENAL WARD PCA Rena!Med a,_,_ ~na!Med) Renal Medicine \. Oinical .....-1 

7264 RENAL WARD PCA Rena!Med SWother )_ -
7279 RENAL WARD OPERATION; Rena!Med / Dfil'gs""""" 

/ 
/ Bucket File -

/ CstArea2 I GJst hem SWNurs SWMed SWAH ..,_( SWother) Oncosts 
~ Allied Allied ~ / Oncosts 

G:>stltemFile / ( a· . a! ). WardNurs ~d Allied ( Other ) Oncosts GJde Name / ln!C '....ot_ 
l.critCare CritCare ~ Oncosts c.,....,.c& 

Drugs Drugs / ·~ Gxr Nure 
GS Goods S~ lmagmg ------ lmag lmag lmag Oncosts 

MS Megje:fiSupplies _ ~ .f':l1"ti0logy Path Path Path / Path Oncosts ~ <JinX:al ) <JinX:al 

OR OR oiZ: OR Oncosts GitX::U GitX::U Care O:ts;osts.. ~cnsr_, _____....-_ Theatre 
Pharm Ph arm _%arm Ph arm Oncosts 1reatre 1reatre 

ISWother )-:__ ~Salary and Wages Pharm 
ED ED / ED ED Oncosts ' / rn - / 

.0}stBkt File 
GJde / Name 

lwr •. ..l,..r •. & Ward Nursing 

( Other l Other Staff 
~ Oinical 
Theatre Theatre 
Imaging Imaging 
Pros Prostheses 
Depree Depreciation 
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Table 3.41 Additional Files in COMBO 
List Category 
Qff 
Sdf 
Pdf 
Cost 
Prod 

Refers to 
CCDefs 
StatDefs 
Product Edfs 
Cost related list(eg.costitem) 
Product Related List (eg. MDC or 
MedSurg) 

Full Name 
Cost Center Definition 
Statistics Definition 
Product Definition 

Notes: Taken from (Commonwealth Government G.semix Program, 1996) in pp.15 

Due to too many cost areas in a general hospital, a cost area2 file is created to replace a 

cost area file. In a cost area2 file, cost areas were regrouped into clinical, imaging, and 

pathology etc. dinical areas, for example, might include all wards, except those in ICU 

and theatre. All cost areas within theatres are grouped as theatre area, and all cost areas 

within ICU are grouped as critical etc .. 

3.4.2 National Cost Components 

The National Standard Cost Component used in the study is based on the National 

Hospital Cost Data Collection which measures the average cost per separation in a 

national sample of public and private hospitals (KPMG Management Consulting, 1996). 

The standard cost component consists of 12 final product cost centers, related to services 

and activities involved in a final production. These components are: the services of 

nursing, medical, pathology, pharmacy, emergency, critical care, allied health, operating 

theatre, medical supply, prostheses, staff-oncosts and others. The first 9 items are further 

split into direct and overhead costs and total cost of that final product center. The last 4 

components are only presented as total costs. The following definitions of cost 

components were obtained fromKPMG Management Consulting (1996). 

Ward Nurse Direct Cost: This includes cost associated with nursing care in the general 

ward area, i.e., nurse salaries and wages. But it excludes any nursing costs which are more 

associated with adult intensive care, pediatric intensive care, neonatal intensive care, 

coronary care, theatres, same daytheatres, pathology, imaging and emergencydepartment. 
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Ward Medical Cost: The total inpatient cost of medical services is salaries of all medical 

officers including sessional payments for each separation. It excludes the medical staff 

costs that are more associated with the cost centers in adult intensive care, paediatric 

intensive care, neonatal intensive care, coronary care, theatres, same day theatres, 

pathology, imaging and emergency department. 

Allied Health Cost: This includes the total costs of providing relevant allied health services 

(their salaries, wages and goods and services). 

Imaging Cost: The imaging cost here is associated with imaging services, regardless of the 

type of staff involved. This includes medical staff and nurses in radiology as well as 

imaging technical and scientific staff. Costs associated with the various disciplines such as 

General X-ray, MRI, Ultrasound, Nuclear Medicine etc. are bundled together. 

Any imaging cost, which is directly associated with critical care wards, emergency 

departments and theatres has to be excluded again. 

Pathology Cost: The pathology cost is associated with pathology services, which is the 

same situation as the cost in the imaging services. 

Pharmacy Cost: Costs included are those related to provision of drugs (salaries and wages 

of staff responsible for manufacturing) and dispensing drugs. It consists of ward drug 

utilisation, ward stock, patient prescriptions, inventory control, purchasing and associated 

Oerical Activities, and costs associated with staff employed in the Pharmacy Department 

together with goods and services costs that are reported in related cost centers. It excludes 

costs associated with theatres, emergency departments and imaging services. 

ICU Cost: The total cost of provision of services in the ICU including the Neonatal ICU, 

Adult ICU, Pediatric ICU and Coronary ICU. The Adult ICU costs are the costs of 

providing ICU services for each patient separation. They are salaries of medical, nursing, 

technical and other support staff, medical and surgical suppliers, drugs and other goods 

and services. It excludes costs associated with theatres, pathology and imaging. 

Operating Rooms Cost: Costs are those related to all interventional procedures performed 

within an operating theatre suite, the salaries of medical, nursing, technical and other 
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support staff, medical and surgical suppliers, drugs and other goods and services and 

recovery room for each separation. 

O:>st of Emergency Department (ED): Emergency medicine compnses all services 

delivered in the emergency medicine department. It includes primary care and ED 

attendances, in addition to care for patients directly admitted from ED. 

O:>st of Goods, Supplies and Services: This category comprises goods and services as well 

as medical and surgical supplies. But it excludes supplies to allied health, critical care, 

emergency department, imaging, pathology, operating room and phannacy. It includes 

supplies to wards and clinical departments. 

Prostheses: Tills includes prostheses appearing on hospital accounts as well as a best 

estimate of the prostheses whose costs are missed because of acquisition by the patient or 

doctor. 

Staff-oncost: It comprises all staff salary oncosts such -as superannuation, termination 

payments, provision for long service leave and other payments. But it excludes salary, 

wages, and annual leave and sick leave payments. 

Others: 1bis item mainly includes those capital depreciation costs or other costs not 

mentioned above items. 

3.5 Methods of Hospital Costing Study-Bottom Up 

3.5.1 Zero-base Costing Model (ZBCM) 

In this study, ZBCM was firstly used in the costing study of satellite-based HD treatment 

(see Appendix lA) in order to evaluate the extent of matching with the COMBO model. 

It was further used in estimating the cost of CAPD treatment to create a full picture of 

health care costs of maintaining ESRD patients with dialysis treatments. 

In ZBCM, the unit cost of CAPD was calculated on a per day treatment with the average 

number of treatments of 365 a year (see Appendix lB). The average cost per patient was 

computed as unit cost multiplied by total days of treatments and divided by the number of 

patients. The annualised cost per patient was unit cost multiplied by 365 days. The 
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number of days on treatment for each patient in two years was obtained from Dialysis 

Registration Data. Expenditure data by CAPD cost center was acquired from hospital in 

Hospital Financial Expenditure Data. Two-year data were included to estimate the average 

cost of each year. Tills part of the study assumed that number of CAPD patients having 

temporaty HD treatment in the interval on CAPD treatment was equal to that of HD 

patients having temporaty CAPD treatment. 

National standard cost components were applied in this model as those mentioned in Top 

Down Method in the section 3.4.2, with the additional items such as AIMSS (Aboriginal 

Islanders Medial Services), travel costs, commonwealth government funded high 

expenditure drug, and initial treatment cost. 

Personnel cost defined here was different from that discussed in section 3.4.2, as it only 

included nurse salaty and other allowance. Costs of nursing administration, allied health 

worker and medical practitioners were within overhead costs. Drug costs were actual costs 

of prescriptions through pharmaceutical department. Usage rate of EPO for CAPD 

patients was assumed to be the same as HD patients, i.e., 3 times a week 

Each year, CAPD patients need a series of regular pathology and imaging tests, similar to 

haemodialysis patients. Table 3.50 shows names of tests and frequency of required tests, 

which is used as a standard practice by Royal Darwin Hospital. 

Table 3.50: Name and Frequency of Tests 
Name of Tests Number of Tests /year 
HLA Antibodies 12 

Pre U&E 12 
Ca, Phos, Mag, Alb, FBC 12 

Fe Studies 4 
Fasting Lipids 

GHb,LFT 
Aluminium 
P1H 
HepBAg,Ab 

HepCAb 
I-llVRPR 

HILV-1 
Kt!V 
PET 

4 
4 
1 
2 
2 
2 
2 
2 

2 
1 

Adapted from Renal Division of Standard Practice in Royal Darwin Hospital 
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Pathology and imaging costs: Pathology and imaging tests are the least frequent of tests 

performed annually for ESRD patients, under best practice guidelines by the renal 

department. The pathology costs are determined by the 75% of Standard Medicare 

Schedule Book (1998). Some of pathology tests were performed on the RDH campus, 

while others were sent away to local or other state pathology laboratories. Seventy-five 

percent of standard Medicare schedule price was charged in the first situation, while 65% 

or 85% was charged in the second situation. 

Imaging O:>st: O:>sts were studied for imaging for the 97/98 financial year. The actual cost 

for each imaging test was consisted of the Medicare imaging price and all other costs used 

in imaging department, including all kinds of resources. 

The cost of initial treatment was also identified. It included extra costs at start of 

treatment, such as hospitalisation for peritoneal catheter insertion. Overhead costs for 

home dialysis treatment was taken from information of Home Dialysis Zerobase O:>sting 

Study of Cairns District Health Service, i.e., 7% of total_direct costs plus hospitalisation 

cost. 

3.6 Statistical Analyses 

The analysis is designed to examine factors related to costs, and specifically, to consider 

the relationship between the costs and various variables, such as demographic variables 

(age gender, and Aboriginality), hospitalisations (number of admissions and dialysis 

treatments, and days of hospitalisations), and disease specific costs related to 

hospitalisations (hypertension, diabetes, respiratory and heart disease etc). 

1. Descriptive statistics were used to describe patients' demographic variables, the reason 

for and the rate of hospitalisations. Oil-square tests or Fisher's exact tests were used to 

test differences of categorical variables between Aboriginals and non-Aboriginals, and 

gender etc. The student's t-test was used to test the differences of age and days of 

hospitalisations. 

2. A multiple Linear Regression Model (MLR) was developed to measure the effect of 

independent variables on costs. A stepwise procedure was used to select variables in linear 

model. Stepwise regression is a way that permits reexamination, at every step, of the 

variables incotporated in the model in the previous steps. A variable that entered at an 
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early stage may become superfluous at a later stage due to its relationship with other 

variables now in the model (David G.Kleinbaum, Lawrence L.Kupper and Keith 

E.Muller, 1988). It "WaS assumed that independent variables were in linear relationships 

with dependent variables. By using this model, all possible independent variables were 

searched for and those with non-significant independent variables were excluded by a 

certain rules. (Krzanowski, WJ, 1988), (Ashish Sen and Muni Srivastava, 1990), (Wayne, 

WD, 1999). The criteria for elimination of variables from the model vtaS set at the 

significance level of 0.05. 

Eleven aggregated DRGs, which served as causes of hospitalisation (see section 3.2 and 

table 3.21) were used as independent variables. Costs of individual patients were used 

dependent variables. The final multiple regression equation may be stated as: 

(3.61) 

where y is an estimated dependent value, an estimated to_tal cost for each patient, fJ; are 

called the regression coefficients, x1 are particular values of the independent variables, ie. 

comorbidities selected in the model. 

The impact of comorbidities on costs might be different for Aboriginals and non

Aboriginals, therefore three different models were performed separately for all patients, 

and for Aboriginal and non-Aboriginal patients. Each variable, except dialysis treatment, 

vtaS dummy variable, denoted as 0 (without disease) or 1 (with disease). Taking into 

account the effect of duration in the program on costs, the number of dialysis treatments 

vtaS used as an indicator of the variable of dialysis treatment. 

Several scenarios were followed to forecast additional cost for each morbidities by 

assuming 10% increase of the proportion of each disease. This scenario could be carried 

on for all patients, and for the Aboriginals and non-Aboriginals. But in this study, the 

scenario only applied for the whole study population. 

3.7 Projection 

There are two considerations in terms of projecting future cost of the renal dialysis 

program First is the projection of the total volume of dialysis treatments in the next 5 
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years. Section 3.7.1-3.7.3 discussed the projection by using a time-series model. The 

second is the projection of future costs based on inflation rates. Due to inflation and 

uncertainty of the future, some allowance needs to be made for the differential timing of 

costs. A series of future program costs (investments) that would occur entirely in the 

future must be taken into account as future values at the end of period of projection. 

Section 3.7.4 considered the future costs based on periodic and inflation rate. 

3.7.1 Data Set and Statistic Package of Time-series Model 

The additional hospital data of HD treatment as mentioned in section 3.2 was· used for 

univariate time-series analysis. 1bis data was the monthly number of HD treatments, 

from January 1995 to December 1999 in RDH It was extracted from hospital morbidity 

data by the ICD-9-CM procedure code. A statistical package of SAS 6.12 was used for 

developing a time-series model. 

3.7.2 Introduction of Time Series Analysis 

A time-series is a collection of obseiVations made sequentially in time. Obse!Vations are 

taken at specific times, usually equally spaced. The special feature of time-series is the fact 

that the successive obse!Vations are not independent. Time-series is particularly concerned 

with the nature of the dependence amongst the members of a sequence of random 

variables. 

The goal of using a time-series model is to find a good method that adequately matches 

forecast to an actual data set. A forecast can be made based on univariate and multivariate 

methods. In a univariate forecast, the future is only partly determined by past values of the 

given time series. But in practice, a forecasting procedure may involve a combination of 

one or more variables. A forecast made by multiple variables was known as multivariate 

method. In this analysis, only the univariate method was used. 

There are two types of time-series, stationary and non-stationary. A time-series is said to 

be stationary if there is no systematic change in mean (or no trend), if there is no 

systematic change in variance, and if strictly periodic variations have been removed. In 

other words, stationary time-series is that the probabilistic structure of {Y(t)} looks the 
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same at whatever point in time is observed, suppose the values of time series are y1 , 

where t=1,2,---,N. 

A non-stationary series is a time-series that contains a trend. Because of this trend, one 

observation on one side of the overall mean tends to be followed by a large number of 

further observations on the same side of the mean. Therefore, the values of 

autocorrelation function (discussed later) will not come down to zero except for very large 

values of the lag. A non-stationary series containing either a trend or a seasonal effect or 

regular or irregular fluctuation can often be made to be stationary, so that time-series 

model can be applied by differencing and taking the log transformed function. 

Autocorrelation Function (ac.f.): Autocorrelation is an important property of a time-series, 

which measures the correlation between observations at different distance apart. The 

autocorrelation ( rk) between observations at distance of k apart is given by 

N-k - - N -

rk =(L/Y~-y)(yl+k -yJJIL(Yt+k -y/ (3.71) 
1=1 

A correlogram is a graph, in which rk is plotted against the lag k. It is useful in 

intetpretation of ac.f. Stationary series often exhibit short-term correlations characterised 

by a fairly large value of r followed by a few further values, which while greater than zero, 

tend to get successively smaller. Values of r for longer lags tend to be approximately zero. 

If a time-series contains a trend, then the value of r will not come down to zero. 

Autocorrelation function also aids us in making decisions of order of difference. The ac.f 

of various differenced series is examined until it is found which comes down to zero 

"fairly quick''. For non-seasonal data, first order difference is usually sufficient to attain 

apparent statlonanty. 

The new series of first order difference is noted as 

(3.72) 
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flere 11 denotes difference. A repeating seasonal difference is necessary if a stationary 

constant cannot be achieved by the first difference. Stationarity of the mean at the non

seasonal level is induced by a series of twice differences, by 

(3.73) 

Moving Average (MA): MA is used to measure the trend of a time-series and gain insight 

into data roughly, or to remove local fluctuation. In a MA process order q, each 

observation y1 is generated by a weighted average of random disturbances going back q 

periods. The equation of AR is denoted as 

(3.74) 

where the parameters e I , -- -B q may be positive or negative. 

The order of the MA process is usually determined by the sample ac.f. The theoretical 
-

ac.f. of an MA( q) process has a very simple form in that it "cuts off" at lag q and so q was 

chosen by looking at the lag beyond which the values of rk are close to zero. 

Autoregression (AR): In an autoregressive process of order p the current observation y1 is 

generated by a weighted average of past observations going back p periods, together with 

a random disturbance in the current period. The equation of AR is denoted as 

(3.75) 

flere 8 is a constant term and & is an error. 

3.7.3 Univariate Autoregressive Integrated Moving Average (ARIMA) Model 

ARIMA, namely Autoregressive Integrated Moving Average, is a combination of 

autoregressive (AR) coefficients multiplied by past values of the time-series and moving 

average (MA) coefficients multiplied by past random shocks. If w 
1 

= LILI 
12 

y 
1 
and w

1 
is an 
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ARMA (p, q) process, then y, is an ARIMA (p, d, q). The equation of ARIMA (p, d, q) 

using backward shift operator (B), is given by 

(3.76) 

(3.77) 

and B( B)= l-B1B -B2 B 2
- --- -BPBP. (3.78) 

¢(B) is called as AR operator and B( B) as MA operator. 

All nonstationarytime series can be modeled as an ARIMA process of order (p, d, q). Box 

and Jenkins proposed a practical three-stage procedure for finding a good ARIMA model, 

namely identification, estimation, and diagnostic checking. To choose the most 

appropriate values of p, d, and q, it is important to examine both autocorrelation function 

(ac.Q and the partial autocorrelation function (p.ac.Q for the time series. In the study, 

ARIMA model v.ras developed by the following procedu~s. 

In the identification stage, the original data v.ras first plotted and ac.f of the original data 

v.ras checked to show the main features of time-series of the data, its extent of non

stationary, its seasonal fluctuation, and trend development over time period. Then the 

degree of difference v.ras determined by looking at ac.f and p.ac.f. As intr~duced in 3.8.2, 

ac.f for a stationary series must approach zero as the displacement k becomes large. After 

the first order difference (non-seasonal difference), the ac.f. of the differenced series 

(L1y1)v.ras checked to see if the ac.f v.ras cutting off. The first difference also assisted in 

getting a better picture of the seasonal pattern in the original data. This process v.ras 

repeated until a value for rk reached to zero so that L1dy1 is stationary; i.e. the ac.f goes to 0 

as k became large. Should a seasonal pattern appear, a further seasonal difference (d=4, 6, 

or 12) had to be applied. 

After d v.ras determined, the ac.f and p.ac.f of a stationary series w, = L1 d y, v.ras inspected 

to determine the proper specification of p and q. Usually it started at low-order process. 

Fortunately, many time series encountered in economic applications can be modeled as 

low-order processes. Spikes in ac.f were indicative of moving average tenns, while p.ac.f 
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was used for guidance in detennining the order of the autoregressive portion of the 

process. 

Once values of p, d, q were chosen for the ARIMA model, then estimates were obtained 

for the p autoregressive parameters r/Jt. ___ ¢P and the q moving average parameters 

e1'---eq. 

When a model was fitted to a time-series, the model was checked whether it did provide 

an adequate description of the data. 1his was done by looking at the residuals, which were 

defined by 

Residuals =Observations -Fitted Values 

If a model is a good one, it is expected that the residuals are random and close to zero. 

The autocorrelation effects of residuals enable checking more easily. It is sufficient to look 

at the few values of rk, particularly at lags 1, 2 and the f~t seasonal lag if any, and see if 

there are significantly different from zero using the crude limits of ±2/--JN. If there are, 

the model needs to be modified. 

When a satisfactory model was found, the forecast was computed easily. Given data up to 

time N, these forecasts involved the observations and the fitted residuals up to and 

including time N. 

3.7.4 Future Value 

Future value is defined as the amount that will accumulate at some future date as a result 

of an investment or a series of investments. FV is given by 

FV = P1 * (1 + r) + P2 * (1 + r / +---Pn * (1 + r l (3.79) 

where P =present value or period investment, F =future value, n =number of years away 

from today, r =annual interest rate. 
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3.8 Refining a Conceptual Model of HBG/HRG in Renal Diseases -Linking 

Health Status, Service Needs and Outcomes 

Eventually, the purpose of a costing study is to provide better information on delivering 

health setvices in a cost-effective way. 1bis conceptual model provides an alternative 

method to balance the quality, productivity, efficiency and flexibility of setvices provided 

to target populations within limited health resources. 

This section sets out how HBGs are linked to HR.Gs and performance indicators in renal 

healthcare setvices. The framework is able to associate structure, process, and outcome 

indicators with data on morbidity and cost, thereby presenting an integrated view of 

needs, intetventions and outcomes. It benefits not only clinicians, but also health 

managers, economists and health ministers in management and decision making. 

By using the matrix framework of HBG (the population aspect) and HR.G (the setvice 

aspect), a renal specific framework was created to identify health setvices required at 

different stages of renal diseases and health outcomes achieved from the setvices. 

The framework groups the general population into following renal disease categories: at 

no risk of renal disease, at risk, presentation, chronic renal failure and continuing care for 

ESRD. Within each group, people with similar healthcare needs, given appropriate care, 

are likely to have similar outcomes or benefits. 

Health setvices can be described as the following three types i.e., primary and secondary 

prevention and tertiary intetventions. Instead of entering the cost in the cells as Deeble J. 
(1999), which was discussed in section 2.4, a series indicators of outcomes and outputs are 

filled to link outcome, output and setvice needs in one table. 

Some more definitions of output and outcome have to be reviewed before the model is 

explored further. 

Setvice output is used to measure setvice productivity. In the acute sector, the quantity of 

setvice output is easily identified. Two major issues have been mentioned in the concept 

of hospital output: health status and treatment conceptions. A "health status" conception 

views a hospital as producing improvement in the health of patients, which is rejected on 

both conceptual and pragmatic grounds. A "treatment" conception of output is defended, 
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a proximate measure of which is the number of episodes of hospitalisation, or cases 

discharged. Days of hospitalisation, related to input resource, is not the unit of output 

indicator. 

Occasions of setvices are used to measure the activity for outpatient services. When a 

patient attends a hospital or clinic to receive consultation, treatment or other setvices, the 

number of occasions of examination, consultation, treatment and other setvices received 

is defined as occasions of setvice (individual session). A group of clients receiving services 

from one clinician or one client receiving setvices from a group of clinicians is counted as 

one group session. It is commonly used in non-admitted patients or outreach units. 

To date, there is no consistent measurement of unit output with respect to outpatient and 

community services. Recendy, the national ambulatory care reform initiatives have 

established a series of projects aimed at contributing to the development of a casemix 

classification and an agreed national minimum data set for outpatient setvices (Naitonal 

Health Committee, 1996). 

Health outcomes refer to the change in the health status of an individual or population, 

attributable to an intetvention or series of intetventions (Eagar K, 1996). 

Health outcomes should be measured at the individual and population level. Mortality and 

incidence rates are obviously important indicators of final outcomes at the population 

level. At the individual level, the period of survival and patients' quality of life achieved 

from specific health program should be included. 

Apart from final outcomes, some intermediate outcomes might be more helpful in a 

short-term evaluation of the prevention and intetvention, as it takes a lot of years before 

final outcomes can be achieved. 

There are multiple dimensions in measures of quality of life: physical (impairment, disease 

specific measurement, pain scales and measurement of functional status), social (social 

support and disabilit;? and mental (mental depression and social adjustment) (Griffin, 

KW, Wadhwa, NK, Friend, Ret al. 1994). 
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For this study purpose, the available output measurement used here was number of 

episodes of care. The outcome measurements at the population level applied here were 

mortality rate, prevalence and incidence rates. The outcomes at the individual level were 

not studied in this thesis. 

58 



G-IAPTERFOUR: 

RESULTS AND DISCUSSIONS 
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4.1 Characteristics ofESRD Patients 

During the two consecutive financial years 1996-1997 and 1997-1998, 188 ESRD patients 

were originally extracted from hospital morbidity data. Twenty-three patients were 

excluded due to selection criteria (noted in section 3.2). This left 165 patients in the study 

group, 114 in 1996/97, 129 in 1997/98 and 78 in both years. 

Among those 165 patients, there were 49% (n=81) females and 61% (n=101) aborigines. 

The population of females was 53% in Aborigines and 42% in non-Aboriginals (p:>0.05), 

see table 4.10. 

The average age of patients on the treatment program was 48±14 years. The average age 

of Aboriginal patients on dialysis was 47 years old, compared to 49 years old in non

Aboriginals (p :>0.05). Aboriginal males were 6±3 years younger than those non

Aboriginal males (45±11 vs. 51±16), and Aboriginal females were -1±5 years youngerthan 

non-Aboriginal females (48±11 vs. 47±18). No age difference was found between females 

and males, and between Aboriginals and non-Aboriginals -(p :>0.05). 

Figure 4.10 shows the age-specific prevalence of Aboriginals and non-Aboriginals. For 

Aboriginal patients, the highest percentage was in ages of 40-49, while the highest 

percentage was in ages of 50-59 for non-Aboriginals. 

Table 4.10: Demograehic Information of Patients on Dialysis Treatments 
Variables 1996/97 (n=114) 1997/98 (n=129) 1996-98 (n=165) 
Gender 

Male(%) 58 (51%) 64 (50%) 84 (51%) 
Female(%) 56 (49%) 65 (50%) 81 (49%) 

Aboriginality 
Non-Aboriginal 37 (32%) 44 (34%) 64 (39%) 
Aboriginal 77 (68%) 85 (66%) 101 (61%) 

Age Group % 
<20 2 3 4 
20-29 3 4 4 
30-39 20 20 20 
40-49 34 32 33 
50-59 22 21 21 
60-69 15 18 16 
>=70 4 2 4 
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Figure 4.10: Age-specific Prevalence in (a) Aboriginal Population and (b) in Non
Aboriginal population 

Aboriginal Non-Aboriginal 
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4.1.1 Patient Year in the Program 

Patient year of time on dialysis was further classified into five groups: i.e., <0.5 year, 0.5-1 

year, 1-1.5 year, 1.5-2 year and 2-year. The average duration on the dialysis program was 

0.95 ± 0.77 year. Comparatively, Aboriginals stayed in HD program longer than non

Aboriginals (1.1 years vs. 0.4 years), with p <0.05. Figure 4.11 showed: (1) 72% of non

Aboriginals stayed in the dialysis program less than half a year, (2) 49% of Aboriginals 

were in the program for more than 1 year, and 24% for more than 2 years, in contrast to 

only 3% of non-Aboriginals in the program for more than 2 years. 

Figure 4.11: Duration of Receiving Dialysis Treatment by Aboriginality 

Table 4.11: D RGs Related to Episode of Death 
Reasons of Death No. of Patients Died 

respiratory diseases5 

cardiovascular diseases6 

• • 7 
sepucaenua 

skin graft8 

Total 

s DRG 3, 166 and 200 

6 DRG 240, 283 

7 DRG 450, 808 

8 DRGSOO 

2 

5 

2 
1 

10 
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Non-Aboriginals Aboriginal 

1 1 
0 5 
0 2 

1 0 

8 2 

Age (mean) 
51 
47 
56 
65 
51 



4.1.2 Hospital Mortality 

A review of patients who died in the hospitals during the study period was undertaken. 

Patients who died outside the hospitals were not able to be identified at the current 

dialysis registty data. Ten patients were identified. Among those 10 patients, 8 were 

Aboriginals and 2 non-Aboriginals. Five of 8 Aboriginals died from cardiovascular 

diseases and 2 from septicaemia. DRGs related to episode of death were shown in table 

4.11. 

4.2 Types of Episodes: Routine Haemodialysis Treatment and Hospitalisations 

All episodes were grouped as either routine haemodialysis treatment (RHI) or 

hospitalisation. RHT was defined as those episodes coded as DRG 572. Over 99% of 

same day dialysis treatments were RHT, only a small number needed extra care, which 

were coded as DRG non-572. Hospitalisation was defined as a combination of those 

same day dialysis treatment with extra care and those with episodes of care in 

hospitalisation. 

Altogether, 18,527 HD treatments were recorded in the hospital data, with 18,039 

occurring in RHT and 488 in admissions. The actual number of treatments was expected 

to be more than 18,527 because patients still received HD treatment three times a week 

during hospitalisation which were not captured in the data. The estimated number of HD 

during hospitalisation was calculated by total length of days (LOS) in 488 admissions (i.e. 

4,312) divided by 7 and multiplied by 3, giving 1,848 HD during hospitalisation. 

Therefore, the total number of HD was around 20,375 in two years. 

4.2.1 Routine Haemodialysis Treatment (RHT) 

During 1996-1998, a total of 18,039 routine haemodialysis treatments happened among 

165 patients. The comparison of RHT between Aboriginals and non-Aboriginals was 

shown in table 4.20. 

The average number of RHT per patient was 109 ± 105 (from 1 to 320) in two years. 

Aboriginals had more RHT than non-Aboriginals, 140 vs. 62 (95% 0 of difference of 

number of RHT: 48 to 110, p <0.05). The reason was due to Aboriginals being in the 

program longer than non-Aboriginals. After adjustment to the number of RHT by patient 
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year, the adjusted number of RHT "WaS 137 in Aboriginals vs. 146 in non-Aboriginals 

(p >0.05). 

4.2.2 Inpatient Hospitalisations 

Altogether, 488 hospitalisations were recorded in 112 patients (68% of 165) for treating 

complications and comorbidities in the 2-year period. Hospitalisation occurred in 87 

Aboriginals (86% of 105) and 25 non-Aboriginals (39% of 64). The average LOS per 

patient (of 165 patients) "WaS 26 days, for a total of 4,312 days (Table 4.21). There was 

significant difference of LOS between Aboriginals and non-Aboriginals, 13. days per 

patient (of 64 non-Aboriginals) versus 35 days per patient (of 101 Aboriginals) (p <0.05). 

The average number of admissions per patient between non-Aboriginals and Aboriginals 

"WaS found to have statistical difference: 1 admission for non-Aboriginals vs. 4 for 

Aboriginals (p <0.05). 

After adjusted for patient year on treatment, the signific~ce "WaS still found in the number 

of admissions and LOS between non-Aboriginals and Aboriginals (p<0.05) (see table 

4.21). 

Table 4.20 Number of Routine Haemodialysis Treatment by Aboriginals and Non
Aboriginals 
Patient Year 

Non-Aboriginal 
Aboriginal 

No. of Patients 
64 
101 

Patient Year No.ofRHf 
0.42 61 
1.03 140 

Table 4.21: CDmparison of Hospitalisation by Aboriginality 
Non-Aboriginal 

Total Patients 64 
Patient Year, total (mean) 27 (0.42) 
No. of Admitted Patients (%) 25 (39%) 
No. of Admissions per patient (of 165 patients) 1.2 
LOS per patient (of 165 patients) 13 
Cost per patient (of 165 patients) 8,229 
No. of Admissions per patient year 3 
LOS per patient year 29 
Cost per patient year 21,295 

64 

Adjusted No. of RHf 
146 
137 

Aboriginal 
101 

104 (1.03) 
87 (86%) 

4.1 
35 

23,834 
6 

55 
41,648 

p 

<D.05 
<D.05 
<D.05 
<D.05 
<D.05 
<D.05 



4.2.2.1 Distribution of Crude Hospitalisation 

The patient data under study included prevalent dialysis patients and hence it included 

patients having different lengths of follow up. Here, an aggregated hospitalisation rate v;as 

computed. The number of admissions per patient (of all165 patients) by age groups v;as 

shown in figure 4.20a and the distribution of average LOS per patient by age group in 

figure 4.20b. 

The number of admissions increased with the age groups in all four groups. In Aboriginal 

females, the number of admissions v;as the highest in ages of 30-39 and dropped at the 

ages of 40-49 and then slowly increased. 

Average LOS per patient v;as unstable in the group of Aboriginal females. It decreased 

with the increasing age groups before 50-59 and dramatically increased after that. The 

increase with the age groups was also shown in the groups of Aboriginal males and non

Aboriginal females. 

4.2.2.2 Causes of Hospitalisation 

Fourteen regrouped DRGs were taken from table 3.20. Apart from routine haemodialysis 

group, causes of hospitalisation in the study were studied between Aboriginal and non

Aboriginal patients. Table 4.22 presented LOS and their total costs for each group of 

hospitalisation. 

Among 13 groups of admissions, fluid, electrolyte and acid disorders v;as the most 

frequent reason for admission (22% of 488 admissions). This v;as followed by respiratory 

(17%), dialysis-related complications (17%), others (9%), kidney and urinary tract diseases 

(8%) and dialysis-related access procedure (7%). 

Though dialysis-related complications and access procedures were the third and sixth 

most common reasons for admission, they each consumed the longest LOS (17% of 

4,312 LOS). Respiratory disease v;as the third longest LOS, consuming 15% of total LOS. 
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Figure 4.20 Hospitalisations by Age Groups, Gender and Aboriginality 
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Table 4.22: Causes of Hospitalisations and Their LOS during the 2-year Period 

Hos12italisations (of 488) Da~ of Hos12italisation (of 4 312) Costs (of $2.9 millions) 
Admissions % Days % Cost % 

Fluid, electrolyte and acid diosrders 105 22% 382 9% 258,424 9% 
Respiratory Diseases 82 17% 627 15% 329,734 11% 
Dialysis Related Complications 81 17% 730 17% 605,019 21% 
Other 45 9% 497 12% 397,024 14% 
Kidney and Urinary Tract Diseases 38 8% 238 6% 213,910 7% 
Dialysis Related Access Procedures 33 7% 722 17% 420,996 14% 
Cardiovascular Diseass 33 7% 195 5% 150,107 5% 
Septicaemia 22 5% 325 8% 254,104 9% 
Digestive Diseases 12 2% 93 2% 59,115 2% 
Skin diseases 11 2% 139 3% 84,565 3% 
Endocrine, Nutritional and Metabolic Diseases 8 2% 120 3% 41,196 1% 
Diseases of Hepatobiliaryand Pancreas 8 2% 122 3% 28,900 1% 
Diseases of Muscularskeletal and Connective Tissue 7 1% 99 2% 82,910 3% 
Male/Female ReEroductive System 3 1% 23 1% 7,913 0% 
Total 488 4312 2,933,917 
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Table 4.23 (a) Top Five Groups of Hospitalisations for Non-Aboriginals 

Cost(%) Admissions (%) Length of Stay(%) 
Access 27% COMP 26% Access 25% 
COMP 19% Access 17% COMP 21% 
CVD 13% CVD 12% CVD 11% 
SKIN 10% FEA 9% ENM 10% 
KU 9% RD 6% SKIN 9% 

Table 4.23 (b)Top Five Groups of Hospitalisations for Aboriginals 

Cost(%) Admissions (%) 
COMP 21% FEA 24% 
RD 12% RD 19% 

Access 
FEA 

12% 
10% 

COMP 
KU 

Septicae 10% CVD 
Notes: Group of other was not included 
Access: dialysis-related access procedure 
ffiMP: dialysis-related complications 
CVD: cardiovascular diseases 

15% 
8% 
6% 

ENM endocrine, nutritional and metabolic diseases 
FEA: fluid, electrolyte and acid disorders 
KU: kidney and urinary tract diseases 
RD: respiratory diseases 
Septicae: septicaemia 
Skin: skin and subcutaneous tissue and breast 

Length of Stay(%) 
RD 17% 

COMP 16% 
Access 
FEA 

Septicae 

15% 
11% 
8% 

In general, the main reasons for intercurrent hospitalisations were different in Aboriginals 

and non-Aboriginals (see table 4.23). The five main reasons for hospitalisations of non

Aboriginal patients were dialysis-related complications and access procedure, 

cardiovascular diseases, fluid electrolyte and acid disorders and respiratory diseases. For 

Aboriginals, these five main reasons were fluid electrolyte and acid disorders, respiratory 

diseases, Dialysis related complications, kidney and urinary tract diseases and 

cardiovascular diseases. 

4.3 Costs Aspect 

4.3.1 General Information of Costs by Types of Episode and Aboriginality 

The study also identified number of inpatients and episode of care, and costs of the three 

hospitals in the Top End. These three hospitals were RDH, Gove and Katherine 

hospitals. 
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During the two-year study period, there were a total 25,663 inpatients in the three 

hospitals These patients consumed 59,568 episodes of care, at the total cost of $140.87 

millions. Dialysis patients (not including CAPD outpatients), comprised around 0.7% of 

total inpatients, used up 31.1% of episodes (59,568) and 8.8% ($12.4 million) of total 

inpatient costs (see table 4.31). 

Table 4.31 Hospital Inpatients in the Top End Hospitals in 1996-1998 
Total Study Population % of study Population 

Patients 
Episode 
Costs (,000,000) 

25,663 165 0.64% 
59,568 18527 31.10% 
140.87 12.4 8.80% 

Table 4.32 Cost by TYPe of Episodes and Aboriginality ($,000,000) 

Routine Haemodialysis 
Hospitalisations 
Total 

NAB AB 
2.0 
0.5 
2.6 

7.4 
2.4 
9.8 

Table 4.33 Average Cost per Patient and Cost per Patient Year 

Total 
9.5 
2.9 
12.4 

Patient Year No. of Patients Patient Years Cost/Patient Cost/Patient-

Routine Non-Aboriginal 64 
Haemodialysis 

Aboriginal 101 
Hospitalisations Non-Aboriginal 64 

Aboriginal 101 

26.88 32,002 

104.03 73,564 
26.88 8,229 
104.03 23,834 

ar 
76,196 

71,421 
21,295 
41,648 

These $12.4 millions spent by the study population were comprised of costs of 

maintaining RHT ($9.5m) and the costs of hospitalisation ($2.9m) for ESRD patients. 

Aboriginals, representing 61% of all patients in the study group, consumed 79% of the 

total treatment costs ($9.5m) (see table 4.32). 

Of $9.5m of RHT costs, $7.4m was used in Aboriginals and $2.4m in non-Aboriginals. 

The average cost per RHT was around $525. The average cost per Aboriginal in the study 

period was $73,600, which was more expensive than that of non-Aboriginals at the 

average cost of $32,000. However, the annualised RHf cost was $71,000 in Aboriginals 

and $76,000 in non-Aboriginals (see table 4.33). 
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Of a total cost of $12.4m, $2.9m (23% of $12.4m) was incurred in 112 hospitalised 

patients. Eighty-six per cent of 101 Aboriginals used $2.4 millions in hospitalisation (24% 

of $9.8m), compared to 39% of 64 non-Aboriginals on whom $0.5 millions (19% of 

$2.6m) were spent on hospitalisations. The crude average hospitalised cost per patient was 

$23,834 in Aboriginals (of 101 Aboriginals) and $8,229 in non-Aboriginals (of 64 non

Aboriginals) (p <0.05). However, the annualised hospitalised cost per patient was still 

significantly different between two groups, $41,648 for Aboriginals and $21,295 for non

Aboriginals (p <0.05). 

The study also identified the actual costs of those patients who finished a whole year 

program in the individual year, and compared these costs to the annualized costs. In 

1996/97 and 1997/98,28 of 127 and 39 of 142 patients respectively finished a full year of 

HD program Theywent through more than 140 RHf. At the same time, they spent 7-9 

days in the hospital, costing 8-13% of total care costs. The actual average cost per patient 

was $82,000 in 1996/97 and $88,000 1997/98, which was 6% and 2% higher than that of 

estimated costs (calculation of estimated costs was discuss-ed in section 4.3.4). 

Table 4.34: Actual and Estimated Costs of Patients Who Finished One Year of HD 
Program (1996-1998} 

96/97 97/98 
Actual Estimated Actual Estimated 

No. of Patients 38 39 
% of Total Patients 30% 27% 

Routine Dialysis 
Treatment 
No. of treatments 143 156 144 156 
(mean) 
Olst(mean) $ 71,230 (86.9%) $77,220 $ 80,399 (91.7%) $85,956 

Hospitalisations 
LOS(mean) 7 0 9 0 
Olst{mean} $ 10,725 {13.1%} $ $ 7,279 {8.3%} $ 
Total LOS 150 156 154 156 
Total Olst $81,955 $77,220 $87,678 $85,956 

4.3.2 Costs of Hospitalisat:ions 

Proportion of costs spent on thirteen regrouped DRGs to the total hospitalisation costs 

was shown in table 4.22. Consistent with LOS of hospitalisation, the highest cost was 

used in dialysis-related complications (21%). Except for others conditions, the second and 
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the third highest costs were spent on dialysis-related access procedures (14%) and 

respiratory diseases (11 %). The five most costly items for non-Aboriginals were dialysis

related access procedures (21%), dialysis-related complications ( 19%), and diseases of 

cardiovascular system (13%), skin (10%) and kidney and urinary tract (9%) (see table 

4.23a). The five most costly items for Aboriginals were dialysis-related complications 

(21 %), respiratory diseases (12%), dialysis-related access procedures (12%), fluid, 

electrolyte and acid disorders (10%) and septicaemia (10%) (see table 4.23b). 

4.3.3 Impact of Comorbidities on Costs 

Stepwise multiple regression analysis was used to study the relationship between costs and 

number of patients with specific comorbidities. Several variables were selected by the 

computerized stepwise programs. The final model was thought to be an idea model with 

p <D.05. These selected variables were present in Table 4.3.20. Models 1, 2, and 3 were 

based on the whole population, the Aboriginal population and the non-Aboriginal 

population. The following equation v.ras used to calculate the estimated cost by selected 

independent variables in the models. 

Modell-baased on the whole study population: 

'lRhere nl 
n2 
n3 
n4 
n5 
n6 

Dialysis-Related Complications 
Respiratory Diseases 
Septicaemia 
Fluid, Electrolyte and Acid Disorders 
Skin Diseases 
Other Comorbidities 

Model2-based on the Aboriginal population: 

Tcral Estimttal 0Jst=55,249+ 28,913'~n1 + 31,746':;;+53,799'~ +33,019':n4+ 65,012'1; 

'lRhere nl Septicaemia 
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n2 Dialysis-Related Complications 
n3 Respiratory Diseases 
n4 Other Comorbidities 
n5 Skin Diseases 

Model 3-Based on the non-Aboriginal population: 

Taal E stirrnud ilit=21,749+ 62,991 '111+ 51,568':11:; +38,941'"n;; +74,291 '114 

7.Rhere n1 
n2 
n3 
n4 

Cardiovascular Disease 
Fluid, Electrolyte and Acid Disorders 
Other Comorbidities 
Digestive Diseases 

In the general population, the cost was strongly related to respiratory and skin diseases, 

septicaemia, fluid, electrolyte and acid disorders and other morbidities. 

In Aboriginal patients, the following variables significantly impacted on the total cost. 

They were septicaemia, dialysis-related complications, respiratory diseases and other 

morbidities. Comparatively, in non-Aboriginal patients, the variables which significantly 

impacted on the cost were cardiovascular diseases, fluid, electrolyte and acid disorders, 

digestive diseases and other morbidities. 

Alternatively, the relationship between costs and number of admissions by specific 

morbidities was analyzed and reported in Table 4.36. The variables selected in the model 

were slightly different from the ones mentioned above. In model 1, the additional 

variables selected were cardiovascular diseases and kidney and urinary tract diseases. In 

model 2, the additional variables were dialysis-related access and kidney and urinary tract 

diseases. Skin disease was not included in this model. In model3: five more variables were 

added endocrine, nutritional and metabolic disorders, dialysis-related complications, other 

kidney and urinary tract diseases, respiratory diseases and fluid, electrolyte and acid 

disorders. 

Based on the current rate of morbidities and assuming a 10% increase of number of 

patients on prevalence for specific conditions, the following scenarios were developed as 

reported in table 4.37. 
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Table 4.35: ImEacts of Morbidities on Costs br Number of Patients 
OJefficient Standard Error T-value p Lower95% Upper95% Frequency Total Cost($)( =Frequency *GJefficient) 

Dialysis-Related Complications 30,939 8,490 3.644 0.000 14,170 47,708 50 1,546,950 
Respiratory Diseases 53,234 9,652 5.515 0.000 34,170 72,298 34 1,809,955 
Septicaemia 28,149 13,074 2.153 0.033 2,326 53,972 16 450,384 
Fluid, Electrolyte and Acid Disorders 28,952 8,774 3.300 0.001 11,623 46,281 48 1,389,702 
Skin Diseases 54,602 19,161 2.850 0.005 16,758 92,446 7 382,216 
Other Comorbidities 31,429 9,820 3.201 0.002 12,034 50,825 31 974,310 

cons 35,506 5,261 6.748 0.000 25,114 45,898 165 5,858,497 
R2 0.444 Total Cost 12,412,012 
AB 
Septicaemia 28,913 14,557 1.986 0.050 14 57,811 14 404,776 
Dialysis-Related Complications 31,746 10,287 3.086 0.003 11,324 52,168 37 1,174,599 
Respiratory Diseases 53,799 10,820 4.972 0.000 32,319 75,279 29 1,560,176 
Other Comorbidities 33,019 11,490 2.874 0.005 10,208 55,830 24 792,462 
Skin Diseases 65,013 22,869 2.843 0.005 19,612 110,413 5 325,063 

cons 55,249 7,557 7.311 0.000 40,246 70,252 101 5,580,140 
R2 0.384 Total Cost 9,837,217 
NAB 
Cardiovascular Disease 62,991 17,681 3.563 0.001 27,613 ' 98,370 6 377,949 
Fluid, Electrolyte and Acid Disorders 51,568 17,730 2.909 0.005 16,091 87,045 6 309,408 
Other Comorbidities 38,947 16,192 2.405 0.019 6,547 71,347 7 272,630 
Digestive Diseases 74,291 23,750 3.128 0.003 26,767 121,815 3 222,874 

cons 21,749 5,716 3.805 0.000 10,312 33,186 64 1,391,933 
R2 0.428 Total Cost 2,574,795 
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Table 4.36: lmEacts of Morbidities on Costs by: Number of EEisodes 
Coefficient Standard Error T-value p Lower 95% Ueeer 95% Freguency Total Cost{$~ 

HD 517 10 52.551 0 497.533 536.3984 18039 9,325,547 

Fluid, Electrolyte and Acid Disorders 2,095 823 2.545 0.012 469.1593 3720.361 105 219,950 

Respiratory Diseases 2,928 545 5.373 0 1851.561 4004.653 82 240,105 

Dialy.;is-Related Complications 8,443 1,181 7.148 0 6109.704 10776.2 81 683,879 

Septicaemia 15,964 1,939 8.234 0 12134.19 19794.28 22 351,213 

Dialy.;is- Related Access 6,542 1,950 3.355 0.001 2689.86 10394.39 33 215,890 

Other Morbidities 8,382 1,506 5.567 0 5407.584 11355.51 45 377,170 

Cardiovascular Diseases 7,169 1,908 3.757 0 3400.331 10938.61 33 236,592 

Other Kidney and Urinary Tract Diseases 4,239 1,404 3.02 0.003 1465.849 7011.863 38 161,077 

-cons 3,640 1,529 2.38 0.019 619.3541 6660.552 3,640 

R-square 0.9645 Total Cost 11,811,422 

AB 
HD 510 14 35.42 0 481.0179 538.1668 14140 7,205,637 

Dialy.;is- Related Access 7,453 3,304 2.256 0.026 891.3018 14014.33 20 149,056 

Respiratory Diseases 3,102 636 4.875 0 1837.974 4365.225 77 238,823 

Other Kidney and Urinary Tract Diseases 3,680 1,653 2.226 0.028 397.0081 6963.869 33 121,454 

Dialy.;is- Related Complications 7,727 1,525 5.067 0 4698.129 10755.3 61 471,330 

Septicaemia 16,453 2,282 7.208 0 11919.53 20985.88 20 329,054 

Other Morbidities 9,205 1,811 5.083 0 5608.174 12801.78 38 349,789 

Cardiovascular Diseases 6,798 2,674 2.542 0.013 1487.456 12109.18 24 163,160 

cons 8,009 2,798 2.863 0.005 2452.348 13565.76 

R-square 0.9512 Total Cost 9,028,303 

NAB 

HD 489 13 39.051 0 464.3406 514.5995 3899 1,908,444 

Endocrine, Nutritional and Metabolic Disorders 11,745 4,801 2.446 0.018 2118.995 21370.75 3 35,235 

Dialy.;is- Related Complications 10,582 1,725 6.134 0 7123.756 14040.81 20 211,646 

Other Morbidities 17,119 3,319 5.158 0 10465.02 23772.34 7 119,831 

Digestive Disease 9,297 3,153 2.949 0.005 2975.697 15618.53 4 37,188 

Cardiovascular Diseases 11,023 2,025 5.444 0 6962.943 15082.09 9 99,203 

Other Kidney and Urinary Tract Diseases 9,804 3,609 2.716 0.009 2567.903 17040.1 5 49,020 

Respiratory Diseases 12,193 3,985 -3.059 0.003 -20183.78 -4202.981 5 60,967 

Fluid, Electrol}te and Acid Disorders 15,075 3,375 4.466 0 8307.928 21842.07 7 105,525 

cons - 1,089 1,130 0.963 0.34 -1176.852 3354.074 

R-square 0.9845 Total Cost 2,505,124 
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Table 4.37 Scenario Anal 1S 

Base-case Information Expected No. of Patients on Prevalence Additional Costs 
@ 10% increase {$} 

Base-case-scenario 165' 
Dialysis- Related Complications 19 2 154,695 
Respiratory Diseases 43 4 180,995 
Septicaemia 45 5 45,038 
Fluid, Electrolyte and Acid Disorders 54 5 138,970 
Skin Diseases 47 5 38,222 
Other Comorbidities 8 1 97,431 
forAB 
Septicaemia 14 1 40,478 
Dialysis- Related Complications 37 4 117,460 
Respiratory Diseases 29 3 156,018 
Other Comorbidities 24 2 79,246 
Skin Diseases 5 1 32,506 
for NAB 
Cardiovascular Disease 6 1 37,795 
Fluid, Electrolyte and Acid Disorders 6 1 30,941 
Other Comorbidities 7 1 27,263 
Digestive Diseases 3 0 22,287 
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Scenario 1: In terms of the whole study population, the additional costs would be extra 

$181,000 for respiratmydiseases, $155,000 for dialysis-related complications, $139,000 for 

fluid, electrolyte and acid disorders, $45,000 for septicaemia and $38,000 for skin diseases. 

Scenario 2: In terms of the Aboriginal population, the additional costs would be an extra 

cost $156,000 for respiratory diseases, $117,000 for dialysis-related complications, $79,000 

for other morbidities, $40,000 for septicaemia and $33,000 for skin diseases. 

Scenario 3: In terms of the non-Aboriginal population, the additional costs would be an 

extra cost $38,000 for cardiovascular diseases, $31,000 for fluid electrolyte and acid 

disorders, $27,000 for other morbidities and $22,000 for digestive diseases. 

4.3.4 Comparison of Aggregated DRG Costs between RHT and Hospitalisations 

Using 12 standard national cost components, this study also identified the cost consumed 

by setvices. Table 4.33 sho-ws the comparison of cost components of aggregated DRG 

costs between RHf and hospitalisation. 

(1) Of the total $12.4 millions, the three most costly setvices were nursing (31 %), goods, 

supplies and setvices ( 15%) and pharmacy ( 14%). 

(2) Among $9.5 millions spent on RHf for 165 patients, 33% was used in the nursing 

setvice, 16% in goods, supplies and setvices, 14% in pharmacy, 12% in staff-oncosts, and 

5% in medical cost. 

(3) Of $2.9 millions in hospitalisation costs (23% of $12.4m), nursing, pharmacy, and 

goods, supplies and setvices were also the three most costly items, accounting for 23%, 

15%, and 11%. 1his was similar order to the ordering of costs for dialysis treatment. 

(4) Relatively higher proportions of costs of the following setvices were spent in dialysis 

treatment than in hospitalisations: nursing (33% versus 23%), goods, supplies and setvices 

(16% versus 11 %), allied health professionals (6% versus 4%), emergency department 

resources (5% versus 1%) and staff-oncostss (12% versus 8%). 
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Table 4.38: Comparison of Cost Components between Routine Haemodialysis Treatment 
and HosJ2italisations {1996-1998} 

Dialysis Dialysis Hospitalisations Hospitalisations Total Total 
~Cost,$} ~%} ~Cost,$} ~%} ~Cost,$} ~%} 

Nursing 3,113,865 32.78% 661,001 23.14% 3,774,866 30.55% 
Goods Supplies 1,549,044 16.31% 300,339 10.51% 1,849,383 14.97% 
Pharmacy 1,318,716 13.88% 425,484 14.89% 1,744,200 14.12% 
Staff-oncost 1,114,584 11.73% 226,867 7.94% 1,341,451 10.86% 
Medical Staff 524,655 5.52% 200,452 7.02% 725,107 5.87% 
Allied Health 547,659 5.77% 110,941 3.88% 658,600 5.33% 
Pathology 393,369 4.14% 245,047 8.58% 638,416 5.17% 
Other 437,949 4.61% 113,252 3.96% 551,201 4.46% 
Emergency 458,298 4.83% 27,028 0.95% 485,326 3.93% 
ICU 0 0.00% 201,010 7.04% 201,010 1.63% 
Imaging 39,912 0.42% 150,085 5.25% 189,997 . 1.54% 
Operating 0 0.00% 184,994 6.48% 184,994 1.50% 
Theatre 
Prostheses 0 0.00% 10,542 0.37% 10,542 0.09% 
Total Cost 9,498,051 100.00% 2,857,042 100.00% 12,355,093 100.00% 

(5) A higher percentage of costs was spent in hospitalisations than in dialysis treatment in 

the following services: pathology (9% versus 4%), imaging (5% versus 0.4%), operating 

theatres (6% versus 0%), ICU (7% versus 0%), and prostheses (0.3% versus 0%). 

(6) Phannacy resources and medical services constituted similar proportions of costs in 

dialysis as well as in hospitalisations. 

4.3.6 Estimation of Costs of SetVice Utilisations of Continuous Ambulatory 

Peritoneal Dialysis (CAPD) Treatments 

Thirteen and fifteen patients were registered as CAPD patients in Nightcliff Renal Unit In 

1996/97 and 1997/98. These were equivalent to 3,390 and 3,574 days of CAPD treatment 

respectively. One FTE nurse was in charge of training and visiting of those patients. 

By using zero-based costing model, the findings of the costs were reported in table 4.39. 

The costs were present separately at the different levels of costs: direct costs, hospital 

costs, health care costs and Commonwealth Government Costs. 

According to standard practice, ESRD patients needed a series of pathology and imaging 

test, as discussed in section 3.51. Therefore, the annual costs of imaging and pathology for 

CAPD patients were similar to those HD patients. These two costs in the HD patients 
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were applied to the estimates for CAPD patients. The annual cost for imaging test -was 

$130 and average daily cost of $0.36 ($130/365). For pathology test, the annual cost v.ras 

$1,284 and the daily cost -was $3.5 ($1284/365). Goods, setvices and supplies for home

based CAPD patients v.ras still accounted for the largest proportion of total direct cost 

($49 of $62). The proportion of overhead cost for hospital cost -was taken from a zero

based costing study of home-based CAPD patients in Cairns District Health Center 

(CD.O'Brien, 1998). It v.ras estimated that home-based CAPD treatment still consumed 

7% of hospital direct costs. Given this information, the overhead cost v.ras calculated at 

$4.36 (7%:~62.27). Total hospital cost v.ras estimated at $6.63 per day. An additional cost of 

AIMSS or EPO funded from health department and Commonwealth Government could 

be added on the hospital cost to give rise to different level of costs. 

In general, the annual cost of each CAPD patient -was $24,300 at the hospital level, 

$24,400 at the health department level, and $36,000 if Commonwealth Government 

funding -was taken into account. A new patient starting CAPD treatment would cost an 

extra $10,121 on average due to the initial access procedure for CAPD. The average cost 

of insertion peritoneal catheter was taken from National Casemix Costing Study 

(Australian Case mix, 1998). The average additional daily cost of the first year of CAPD 

treatment due to the cost of starting procedure-peritoneal catheter insertion -was 

$10,121/365= $27.73. 

Cost of AIMSS (Aboriginal Islander Medical Support Setvice) for CAPD patients v.ras 

occasioned because CAPD patients visited a specialist once every three months. The 

average cost per return trip -was $14.5, equivalent to $14.5/365=$0.1 per day for CAPD 

patients. 

The annualised cost per patient v.ras calculated by the average cost per daytimes 365 days, 

and the actual cost per patient v.ras equal to the average cost per day multiplied by total 

days of CAPD treatment (i.e. 6469) divided by total number of patients (i.e. 28). 

The actual total cost spent on peritoneal dialysis patients v.ras $0.81 million in 1996/98 as 

opposed to $1.58 millions of estimated costs. The estimated average hospital cost per 

patient per year v.ras $30,021. From the points of view of the regional health department 

and from Commonwealth Government, cost v.ras $30,065 and $41,687 per patient per 
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year respectively. For a patient in the first year of treatment, the additional cost ~ 

$10,121 per year. 

Goods, seiVices and supplies, and EPO were the two major items of CAPD costs. The 

cost of home based PD will be increased if a patient changes modality of dialysis 

treatments from time to time, such as from PD to HD or from HD to PD. 

Table 4.39 Home-based Costs of Continuous Ambulance Peritoneal Dialysis (1996-1998) 

Personnel Cost 
Drugs 
Pathology 
Imaging 
Medical Supplies 
Travel and Transportation Cost 
Other Costs 
Total Medical Direct Costs 
+ 
Overhead Cost 
Total Hospital Costs 
+ 
AIMSS 
Total THS Costs 
+ 
EPO 
Total Health Care Cost 

+ 
Insertion Peritoneal Catheter 
Total Cost of the First Year 

4.4 Projection 

G:>st per Annualised G:>st Actual G:>st 
Day($) per Patient ($) per Patient per year($) 

2.18 
5.26 
3.52 
0.36 
49.05 
1.60 
0.30 

62.27 

4.36 
66.63 

0.12 
66.75 

31.84 
98.59 

27.73 
126.32 

22,729 7,744 

24,320 8,286 

24,363 8,301 

35,985 12,260 

10,121 2,650 
46,106 25,428 

4.4.1 Using ARIMA Model in Forecasting the Number of HD treatments 

A monthly number of Haemodialysis treatments -was extracted from RDH from January 

1995 to December 1999. This gave 60 obsetvations in the data set. 

By plotting the original data (See Figure 4.40), the main features of this time-series were 

found as follo"WS: (0 the overall level rises steadily through time, suggesting a non

stationary mean and the requirement for some non-seasonal differencing. (it) Seasonal 

fluctuation is not apparent from the graph. 

The autocorrelation function and partial autocorrelation function from original series ~ 

were given in Figure A10 in Appendix 1. It showed the statistical significance of the 
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correlation compared to two standard errors. The critical t-value was equal to 

2/ .YN =21 --./60 =0.26. The ac.f of :X in figure 1a died down fairly slowly, indicating that the 

:X was non-stationary and needed to be differenced. 

The first order difference was performed, and the resulting time-series 'l£1 in Eq. 2.8.2.2 has 

mean of 10.6 falling from 775.5 in the original data set. The ac.f of the first differenced 

time-series, plotted in Figure 1 b, still showed signs of non-stationarity at the seasonal 

level, with decaying ac.f the first seasonal lag (12), but without significant difference It

value I <0.26. To induce seasonal stationarity for Uf, a further seasonal difference (k=12) 

was required. Therefore, after two order differences, 'l£1 is defined as 

(4.4.1) 

The ac.f and p.ac.f of ARMA(0,1) of 'l£1 in Eq.4.4.1 was displayed in the Figure Allc. The 

values of autocorrelation function at any lag after L1 L112 y1 difference were not significandy 

different from zero. Both ac.f and p.ac.f at lag 6 were bigger than others but they were still 

less than critical value. 

Figure 4.40 Number of Separations of Routine Haemodialysis Treatment in Royal 
Darwin Hospital ( 199 5-1999) 
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Figure 4.41: Plots of Actual Data and Forecasts of Dialysis Over Five-Years 
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In the diagnostic stage, autocorrelation function of residuals was also checked to see 

whether there was any significant values of rk , which was present in Figure 11c. Again, 

neither acf or p.acf at any lag was statistically different. 

The final fitted model turned out to be 

WI =l-0.21363B**(l)-0.64162B**(l2) 

where B was a backward operator. B':-yl) and B':-yn) were represent backward at lag 1 

and lag 12 respectively. 

The final fitted ARIMA model provided forecasts of the senes of number of HD 

treatments for up to 60 months. Tables 1 in Appendix 1 showed the values of forecast 

and upper and lower 95% confidence interval. 

The model predicted that the number of HD treatments would increase by 19% in the 

first year and by 11%, 10%, 9% and 8% in the following years, giving an average increase 

12% each year between 2000-2004. 
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4.4.2 Budgeting Total Dialysis Cost 

4.4.2.1 Forecast ofHaemodialysis Treatment Cost 

Forecasts were based on the following baseline information: 

(1) Altogether 12,125 HD treatments (10,804 in the renal unit and RDH campus and 

1,321 in Tiwi Islands) were performed in 1999 at an average 14% increase over the five

year period, 

(2) Cost per treatment in 1999 was $550 per RHf treatment and $3,397 per access 

procedure9 at the inflation rates of 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4% and 5%, 

(3) and the number of new patients would increase at 10% (per year). 

Assuming over the 5-year period, 87,710 HD treatments would be provided in the Top 

End, then total cost over 5-year will be $49.8 millions at inflation rate 1%, $50.6m at 

1.5%, $51.4m at 2%, $52.2m at 2.5%, $53m at 3%, $53.9m at 3.5, $54.7m at 4% and 

$56.5m at 5%. 

The additional cost of access procedures for starting HD treatment was based on a 10% 

annual increase in incidence. New patients entering into the program usually need a 

temporary or permanent fistula formation to start the procedure. If 10% increase in 

incidence rate was taken into account, the additional future cost in providing initial 

procedure for HD treatment will be $0.27m to $0.31m, at inflation rate between 1% and 

5%. 

4.4.2.2 Forecast of Cost of Continuous Ambulatory Peritoneal Dialysis Treatment 

The projection of CAPD treatment was based on the 15 patients in 1999, $114 per day 

and $10,12110 per insertion of peritoneal catheter procedure. 

Assuming the number of patients on CAPD increases at 10%, the total future cost at the 

end of fifth year will range from $4.3-$4.9 millions at inflation rates from 1% to 5%. 

9 1his W:lS the average cost of DRG 566 between 1997/98. 

to 1his W:lS the average cost of DRG 566 between 199&-1998 
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Assuming the number of patients on CAPD increases at 15%, the total future cost at the 

end of fifth year will range from $5.0-$5.7 millions at inflation rates from 1% to 5%. 

Assuming the number of patients on CAPD increases at 20%, the total future cost at the 

end of fifth year will range from $5.8-$6.6 millions at inflation rates from 1% to 5%. 

If the incidence increases at 10 percent, then an additional future cost in providing initial 

procedure for CAPD treatment will be $97,000-$109,000 at inflation rates from 1% to 

5%. 

Table 4.40: Budgeting 5-years HD Cost and Its Additional Cost 
HDCost Year-1 Year-2 Year-3 Year-4 Year-S Compound 

No. of Treatments on 13,841 15,502 17,362 19,446 21,779 87,710 
Prevalence 
Supposed Inflation Rate 
0.0% 7,859,605 8,753,828 9,648,051 10,542,274 11,436,498 $48,240,256 
1.0% 7,938,201 8,929,780 9,940,397 10,970,333 12,019,874 $49,798,584 
1.5% 7,977,499 9,018,412 10,088,758 11,189,186 12,320,356 $50,594,211 
2.0% 8,016,797 9,107,483 10,238,589 11,411,297 12,626,817 $51,400,983 
2.5% 8,056,095 9,196,991 10,389,896- 11,636,698 12,939,347 $52,219,027 
3.0% 8,095,393 9,286,936 10,542,686 11,865,423 13,258,035 $53,048,473 
3.5% 8,134,691 9,377,319 10,696,967 12,097,502 13,582,972 $53,889,451 
4.0% 8,173,989 9,468,140 10,852,745 12,332,970 13,914,248 $54,742,093 
5.0% 8,252,585 9,651,095 11,168,825 12,814,200 14,596,191 $56,482,897 

Additional Costs 
No. of New Patients,@ 10% 13 14 16 17 19 
Increase 
1.0% 44,129 49,028 54,470 60,516 67,233 $275,375 
1.5% 44,348 49,514 55,283 61,723 68,914 $279,781 
2.0% 44,566 50,003 56,104 62,948 70,628 $284,249 
2.5% 44,785 50,495 56,933 64,192 72,376 $288,780 
3.0% 45,003 50,988 57,770 65,453 74,159 $293,373 
3.5% 45,222 51,485 58,615 66,734 75,976 $298,031 
4.0% 45,440 51,983 59,469 68,032 77,829 $302,754 
5.0% 45,877 52,988 61,201 70,687 81,644 $312,396 

Table 4.41: Budgeting 5-years CAPD Cost and Its Additional Cost 
CAPD Cost Year-1 Year-2 Year-3 Year-4 Year-S Comeound 
@ 10% increase of No. of 17 18 20 22 24 101 
Patients on CAPD 
Cost I day($) 
1.0% 693,431 770,401 855,916 950,923 1,056,475 4,327,146 
1.5% 696,863 778,048 868,691 969,893 1,082,886 4,396,381 
2.0% 700,296 785,732 881,592 989,146 1,109,822 4,466,588 
2.5% 703,729 793,455 894,620 1,008,684 1,137,291 4,537,779 
3.0% 707,162 801,214 907,776 1,028,510 1,165,302 4,609,965 
3.5% 710,595 809,012 921,060 1,048,627 1,193,862 4,683,157 
4.0% 714,028 816,848 934,474 1,069,038 1,222,979 4,757,366 
5.0% 720,893 832,632 961,690 1,110,752 1,282,918 4,908,884 
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No. of Patients on CAPD @ 17 20 23 26 30 
15% increase 
1.0% 724,950 842,030 978,017 1,135,967 1,319,426 5,000,391 
1.5% 728,539 850,387 992,615 1,158,629 1,352,410 5,082,580 
2.0% 732,128 858,786 1,007,356 1,181,629 1,386,050 5,165,949 
2.5% 735,717 867,226 1,022,243 1,204,969 1,420,357 5,250,512 
3.0% 739,306 875,708 1,037,276 1,228,653 1,455,339 5,336,281 
3.5% 742,895 884,230 1,052,455 1,252,685 1,491,008 5,423,272 
4.0% 746,483 892,794 1,067,782 1,277,067 1,527,372 5,511,499 
5.0% 753,661 910,046 1,098,880 1,326,898 1,602,229 5,691,715 
No. of Patients on CAPD @ 18 22 26 31 37 134 
20% increase 
1.0% 756,470 916,841 1,111,212 1,346,789 1,632,308 5,763,620 
1.5% 760,215 925,942 1,127,797 1,373,656 1,673,114 5,860,723 
2.0% 763,960 935,087 1,144,546 1,400,924 1,714,731 5,959,248 
2.5% 767,705 944,277 1,161,460 1,428,596 1,757,173 6,059,210 
3.0% 771,449 953,511 1,178,540 1,456,676 1,800,451 6,160,628 
3.5% 775,194 962,791 1,195,787 1,485,167 1,844,578 6,263,517 
4.0% 778,939 972,116 1,213,201 1,514,075 1,889,565 6,367,896 
5.0% 786,429 990,901 1,248,535 1,573,154 1,982,174 6,581,192 
Additional Cost 
@ 10% incidence 
1.0% 15,333 17,035 18,926 21,027 23,361 95,683 
1.5% 15,409 17,204 19,209 21,447 23,945 97,214 
2.0% 15,485 17,374 19,494 21,872 24,541 98,766 
2.5% 15,561 17,545 19,782 22,304 25,148 100,341 
3.0% 15,637 17,717 20,073 22,743 25,767 101,937 
3.5% 15,713 17,889 20,367 23,188 26,399 103,555 
4.0% 15,789 18,062 20,663 23,639 27,043 105,196 
5.0% 15,941 18,411 21,265 24,561 28,368 108,546 

4.5 Application of HBG/ HRG model in Chronic Renal Diseases- Linking 

Healthcare needs, Outcomes, and Setvice Outputs 

The establishment of a standard approach to quantify health services (service output) is 

driven by an increasing concern of efficiency of health resources used from health 

economic point of view. Health service output is an essential index of evaluation of the 

perfonnance of services. Health service has to meet health service regulations to ensure 

the high quality of services. Health outcomes (both quantity and quality indicators) are 

used to monitor the quality of services. 

In this section, a series of services and correspondent outcome indicators are proposed in 

a conceptual model. As discussed in 3.9, this model is based on the health status of a 

broader population across whole health organisations, regardless where services are 

delivered. Future financial budgets might project financial resources within whole health 

organisations rather than individual health settings. 
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4.5.1 Demonstration of Application of Indicators of Activity and Health 

Outcomes in HBG and HRG matrix 

To illustrate the dynamic change of service outputs and service outcomes, the following 

indicators from an additional hospital data set Gan. 1995 to Dec. 1999) were obtained 

(noted in section 3.3.1). 

Service Output: One of the indicators of service outputs 'WaS the number of separations 

of inpatients. The number of hospital separations related to dialysis treatments 'WaS used 

to show the working load and service efficiency in the acute sector. This included routine 

HD and inpatient hospitalisations and some CAPD treatments during inpatient 

hospitalisations. These separations did not include those HD treatments conducted in the 

Tiwi islands. The actual number of dialysis-related separations was more than these figures 

because the number of HD during hospitalisation was not available in hospital data (as 

discussed in section 4.2). The number of home-based CAPD treatment by year and 

hospital 'WaS not available either. 

Figure 4.50 shows that in RDH, the number of monthly separations increased from 6962 

in 1995 to 11296 in 1999 with an average annual increase of 12.5%. In ASH, it increased 

from4991 in 1995 to 7624 in 1999 with an average annual increase of 10.6%. 

There were several reasons for the increasing separations of dialysis treatments. Firstly, it 

might be related to a real increase of incidence rate. Secondly, it might be related to a 

decreasing mortality rate. Thirdly, there might be an increasing ascertainment. Fourthly, 

there might be changing criteria for recruiting a patient into the dialysis program. Fifthly, 

since 1995, RDH has been putting in new resources to rent more machines from the 

Dialysis Company. 

The number of separations in figure 4.50 'WaS slightly different from that in figure 4.40, 

because the latter did include those HD treatments on Tiwi Island (discussed in 4.41), and 

did not include those HD and CAPD during hospitalisations either. Over the last four 

years, the number of patients receiving dialysis treatment increased at 10% per year. 

The number of patients receiving HD treatment increased from 143 in 1995 to 200 in 

1999 (figure 4.51). The possible reasons of these increases were discussed above. 
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The numbers of patients on HD in 1996/97 and 1997/98 were slightly different from 

those in the costing study in section 4.1. This was because the number of patients was 

counted in a two-year base in the section 4.1, while here the number of patients was 

counted in the single year base. Moreover, in section 4.1, the financial year was used while 

here calendar year was used. 

Incidence rate: The incidence rate is the number of new patients on dialysis treatment 

(including HD and CAPD) divided by the total population in the specific year. The total 

NT population was based on the estimated resident population from ABS data: i.e. 

182,821 in 1996, 187,127 in 1997, 191,287 in 1998 and 193,203 in 1999. 

The incidence rate decreased from 941 per million in 1996 to 7 41 in 1997 and slightly 

increased to 813 in 1999. From ANZDATA Renal Registry, the incidence rate of chronic 

renal failure was dramatically increased in 1995 and slightly increased after that. This was 

mainly due to the increase among Aboriginal people, now approaching 900 per million in 

the NT, vs. 42 per million for non-Aboriginal people. But it might also reflect an increase 

in ascertainment of renal failure patients compared to years before that period. 

The figure presented here might be different from the figure in ANZDATA Renal 

Registry because of the different way of picking up new patients. Here, the new patients 

were defined as those new patients between 1995 to 1999. It was recognised that some of 

patients might be in the program before 1995. This was limitation of data information, 

without giving more information of the date of initial dialysis treatment. 

Hospital Mortality Rate: Hospital mortality rate is an important indicator of final 

outcome. It was defined as the proportion of number of death to total dialysis patients. 

The proportion of number of death to total dialysis patients in NT hospitals increased 

from 13% in 1996 to 14.8% in 1996, and decreased after 1996 to 9.9% in 1999. The rate 

in RDH was consistent with that in the NT level, which decreased from 15% in 1996 to 

9% in 1999. In ASH, the rate was generally decreased from 14.3% after 1995 to 8.2% in 

1998.1t increased by 10% in 1999 (see figure 4.53). 

There was little improvement of death rates in ASH and other remote hospitals, alarming 

us the importance of tertiary prevention for those ESRD patients, especially those in 

remote areas. 
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The mortality rates here were not age-adjusted, therefore they could be different from 

those in the national report. The number of deaths of dialysis patients was obtained from 

the hospital information system Those who died outside the hospital were not included in 

this report. At the time the analysis was undertaken, the NT ESRD registry data was 

unavailable for use as it was being updated. 

Figure 4.50: Separations of Dialysis Treatments in Royal Darwin Hospital and Alice 
Spring Hospitals (Feb. 1995-Dec.1998) 
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Figure 4.51: The number of Patients Receiving Dialysis Treatment in NT Hospitals 
(1995-1999) 
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Figure 4.52: The Incidence Rate (per million) of Dialysis Patients in NT Hospitals 
( 1996-1999) 
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Figure 4.53: Proportion of Number of Death to Total Dialysis Patients in NT Hospitals 
(1995-1999) 
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Notes: Others refer to Katherine, Tennant Creek and Grove Hospitals 

4.5.2 HBG in Renal Disease and HRG in Renal Services 

HBGs is a population classification system According to the definition of HBG, an HBG 

contains people with similar healthcare needs who, given appropriate care, are likely to 

have similar outcomes or benefits. When this mode is used in renal services, the 

population is classified as five groups: no risk, at risk, presentation, acute renal problem 
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and ESRD. The possible medical conditions are discussed in each group. A series of renal 

services (HR.Gs) are suggested in each HBG group (see table 4.50). 

HBG 1: Population Not At Risk 

The total target population excludes those who fall under the categories of HBGs-2, 3, 4 

&5 (as defined below). 

The strategies for health care delivery to this group would be mainly health promotion 

and education in general, with special attention to increasing awareness of renal disease 

and its preventive measures. These services of primary prevention have the potential to 

prevent the nephropathies that initiate progressive loss of renal function. 

Renal services could work with Health Promotion in providing expert advice on matters 

related to renal health to lower risk factors of renal diseases, i.e. health education, lifestyle 

changes, domestic hygiene, anti-heavy-alcohol and anti-smokes). There has been an 

increasing knowledge of importance of prenatal care. Improvement of poor intrauterine 

environment can decrease LBW and mortality rate of newborn babies. Prenatal care 

should include health education (healthy diet, limit alcohol and nicotine) as well as 

treatment of morbidities such as skin infection, hyperglycaemia, hypertension and chronic 

renal diseases. 

HBG2: Population At Risk 

This group is a group of people who do not have renal diseases at present, but are at high 

risk of developing renal disease in future. Risk factors of renal disease are: hypertension, 

diabetes, LBW of newborn babies, skin infections, urinary infections, heavy drinking and 

smoking, overweight or obesity, and women with all above risk factors during pregnancy. 

The population with risk factors needs secondary prevention, such as screening and 

treatment programs. The secondary intervention arrests or retards the tempo of disease 

progression once chronic loss of function is established. Examples of screenings are 

blood and urine tests, ultrasound measurement of kidney and measurement of blood 

pressure etc. By effective screenings, people with early stage of disease can be detected so 

that further interventions and treatments can be offered. Treatment with ACEi to control 
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blood pressure is another way of secondary prevention, aiming to prevent the develoment 

of clinical renal disease. 

HBG3: Presenting 

Tills group includes all those who have been diagnosed to have some types of renal 

disease, with the potential to develop renal failure. These peoples may or may not have 

symptoms of renal diseases, such as post-streptococcal glomerulonephritis (PSGN). 

Secondary prevention at this stage aims to prevent the development of renal failure. The 

services include renal ultrasound, other blood and urine tests such as ACR. and screen 

creatinine and glycosylated hemoglobin. Treatment with ACEi again can retard 

progression of renal insufficiency. Strategies of secondary prevention should be well 

designed. 

HBG4: Population with Acute Renal Problems 

Tills is a group of people coming from HBGs-2 or 3. They are admitted to hospitals due 

to symptoms or signs of renal diseases or other morbidities. Management of the acute 

stage of renal diseases involves services from hospital as well as from various community

oriented measures. The aims are to promptly treat those problems in order to reduce the 

comorbidities and readmission rates. The continuing care after hospitalisation often aims 

to preserve renal function, and prevent or retard the progression of renal failure over a 

period of time. 

HBGS: Population with Renal Failure 

1bis group includes all those who have developed chronic renal failure. Though there is 

difference in terms of severity of renal failure, this tertiary prevention is mainly renal 

replacement therapy. Timely referral of ESRD patients to nephrologists is so important 

because access procedures such as arteriovenous (A V) fistula or peritoneal catheter can be 

done as early as possible. Early prescription of dialysis modality and adequate dose of 

dialysis ensure less severe metabolic abnormalities, and shorter hospitalisations and 

reduced mortality. 
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Table 4.50: HBG Framework for Chronic Renal Diseases 

Health Status General Population At Risk of ESRD Presenting (Onset) Acute Stage (Acute Cbronic Renal Failure ESRD/Mortal 
Renal Problem} {Continuing Disease} ity 

SeiVice Needs Health Promotion: <= <= <= <= 
Environmental Health, 
Hygiene Education. 
Healthy Life Style: <= <= <= <= 
Nutrition, Exercise, 
Abstain Alcohol and 
Ggarette. 
Prenatal Care: Quit <= <= <= <= 
Smoking, 
Limit Alcohol and InteiVention Program for Investigation Inpatient Acute Care <= 
Nicotine Access, and Malnutrition, Hypertension, Dialysis Program 
other Morbidities Diabetes, Renal Disease => Community Care 
Controlled 

Output Activity Measures on <= Occasion of Separations Occasions of SeiVices 
Measurement Promotion: SeiVices: Dose of Dialysis No. of Dialysis 

Group Sessions Occasion of SeiVices: Types of SeiVice No. of Vascular Procedures 
Types of SeiVice, 
Types of Professionals, 

Types of SeiVice Access 

and Types of activities. 
Outcome -J.. Incidence and -J.. Number of People at -J.. False Negative J :M;rt;;tty <= -J.. Mortality 
Measurement -J.. Prevalence Rates of RiskofESRD /Positive Rates t Prevalence Rate <= Rate 

Hypertension, Diabetes -J.. Incidence and Prevalence -J.. Co-Morbidities <= t SuiVival 
and Malnutrition etc. Rates of ESRD -J..Kt!V, URR <= Years 
-J.. Blood Pressure , ACR t Age at Onset of ESRD => -J.. No. of Re-admission 
and -J.. Blood Pressure , ACR => Rate 
Glycosylated and => t Quality of Life 
Haemoglobin Glycosylated Haemoglobin => t SuiVival Years 
Levels Levels t Nutritional Status 
-J.. Incidence of LBW => 

't_Anaemia 
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At this stage, it is also important to control hyperglycemia and blood pressure, and to treat 

cardiovascular and respiratory diseases. 

4.5.3 Indicators of Renal Setvices Delivery 

In the measurement of service outputs, particularly of community services, groups of 

sessions and occasions of services are appropriate units of output. As in the acute sector, 

when community service outputs are measured, items evaluated should include : types of 

professionals involved in services (specialists, physicians, nurse or allied health workers); 

types of activities: teaching, research, health promotion, and quality improvement, 

administration etc.; Types of clients should also be specified, eg those not identified, 

women, older people, school kids, etc; Finally the frequency of services should be 

specified: once off, regular, ad-hoc, series. 

In the measurement of health promotion, different indicators are applied because 

activities in health promotion typically entail working with population groups rather than 

individual clients. The suggested indicators of health promotion activities are healthy 

public policy, community development, group work, marketing good health, education 

and research. 

In screening and intervention programs, the following items are recommended to be 

recorded: the type of screening or interventions, types of treatment programs, e.g. to 

control blood pressure or glycosylated hemoglobin levels;, the length of treatment and 

types of professionals providing services. 

In acute care the number of separations, the doses of dialysis (including dose per 

treatment and number of treatments per week) and the number of procedures related to 

access procedures (A-V fistula or peritoneal catheter insertion etc.) are included. 

4.5.4 Outcome Indicators of Renal Dialysis Patients 

The indicators of final outcomes are essential in assessing the quality of services. Due to 

the long time frame, some indicators of intermediate outcome changes are also helpful to 

monitor over the short term. Key indicators of intermediate outcomes can be changes of 

blood pressure, glomerular filtration rate and urinary albumin creatinine ratio. Morbidities, 
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reflecting in part the adequacy of dialysis treatment and timely referral to a specialist, can 

be another indicator of interim outcomes of tertiary prevention. Renal related morbidities 

are anemia, poor nutrition, poor degree of rehabilitation and dialysis-related infections. 

4.6 Discussions 

Though the number of ESRD patients (165 patients) with HD treatment in the study was 

around 0.6% of the total inpatients in the three public hospitals in the Top End, they 

consumed 8.8% of total inpatient costs ($12.4 millions). A one-year study at a single 

medical center in USA reported that 25% of patients engendered 44 to 48% of the total 

costs (Bruns, FJ, Seddon, P, Saul, Metal. 1998). The higher proportion of costs used by 

study population in our study was partly due to different methodologies applied and 

different cost components included. It might also be the reason of higher proportion of 

Aboriginal population whose health status was poorer than that of general population. 

There has been no similar national study that could provide a comparison so far. A well

designed study needs to be conducted in future to test these assumptions. 

The higher proportion of costs spent by Aboriginal patients in RHT and hospitalisations 

could be contributed to the longer period in the treatment program The longer patients 

survive, the more dialysis treatment they need and the more costs they consume. In the 

study, Aboriginal patients had relative longer period in the dialysis program than that of 

non-Aboriginals (average 1.1 vs. 0.4 patient year), and therefore they cost more in RHT 

and more in hospitalisation. Time on treatment will also increase if smvival improves for 

people receiving ESRD treatment. But it might also be the reason that Aboriginals are 

generally sicker than non-Aboriginals, because even after adjusted cost for patient year, 

the study still showed the cost for RHT and hospitalisation were still higher in Aboriginal 

patients (p <D.05). From this study, there was no information to support whether these 

higher costs were related to any social reason resulting in longer length of stay. But it 

could be expected that higher costs should be related to social factor as well as medical 

problem Future study needs to be performed to look at these relationships. 

In this study population, the highest costs used in hospitalisation in the non-Aboriginals 

were access procedures (27%), dialysis-related complications (19%) and cardiovascular 

diseases (13%). For the Aboriginal population, these highest costs were dialysis-related 

Page 93 



complications (21 %), respiratory diseases (12%) and access procedures (12%). A better 

managed care needs to be provided to avoid repeat shifts from one dialysis modality to 

another, and to reduce the rate of dialysis-related complications. 

Multiple regression analysis also showed that not only above reasons of admissions, but 

also other various conditions significantly impacted on the total costs of dialysis patients. 

The models were different among the groups of population. For the whole study 

population, dialysis-related complications, respiratory diseases, septicaemia, fluid, 

electrolyte and acid disorders and skin diseases were significantly related to the overall 

costs. For the Aboriginal population, all the above variables were selected except for fluid, 

electrolyte and acid disorders. For the non-Aboriginal population, cardiovascular, digestive 

diseases, and fluid, electrolyte and acid disorders were strongly associated with the overall 

costs. The different cost coefficients of some diseases between Aboriginals and non

Aboriginals from :MLR models could be explained by differences in days of 

hospitalisation, severity of diseases and time on treatment. 

By using zero-base mode, the estimated average cost for CAPD patients was around 

$36,000 annually. In the study, several assumptions were made. Firstly, the temporary 

transfer from PD to HD was equivalent to that from HD to PD. Secondly, CCPD and 

CAPD consumed similar disposal material and personnel resources. Due to the different 

methodologies and different cost components were applied in both studies, it had to be 

very careful to compare these two figures and their related cost components. 

The study also found out from the service point of view, labour costs consumed majority 

of cost in RHf. Nursing service was the highest cost items 33% of total RHf, staff

oncosts (12%), allied health (6%) and medical staff (6%). The higher nursing service might 

also be due to sicker patients in the Top End. There needs more study to find out the 

relationship between higher labour costs and health status locally and nationally. Costs of 

allied health and staff-oncosts were higher in RHf than in hospitalisation. Part of the 

reason for higher cost of allied health workers for RHT was due to the fact that patients 

during the dialysis program had a substantial number of social issues requiring social 

workers to deal with than those during hospitalisation. Staff-oncost was much higher in 

dialysis than in hospitalisation treatment. 1his could also be explained due to higher 

labour activities as discussed above. The higher labour costs in routine haemodialysis 
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treatment suggested a home-based HD would be more efficient and great cost savings 

could be achieved. From the costing study of home-based CAPD treatment attached to 

this main study, the daily nursing cost was only $2 and was very lower proportion of total 

CAPD cost. It could be expected that the home-based or community-based HD 

treatment could greatly reduce the total costs of HD treatment. The higher proportion of 

costs used in pathology, medical service, imaging and ICU during hospitalization was due 

to the severity of the patients' condition and intensive medical investigation. 

If the current situation of renal problems continued, it was predicted that over five-year, 

the prevalence of HD would increase at 11% and the cost increase at 15% if 3°io inflation 

rate was considered. It was expected that $48-56 millions were needed to meet the 

increasing needs over five-years. 

Though the univariate time-series model has been recognised as one of the most classic 

models in finance and economics, it needs to be intetpreted by adjustment. From the 

model, an average annual 11% increase of HD treatment was expected in the following 

five years. This dramatic increase of prevalent treatments in forecasting in the first year 

was due to the opening of a new dialysis unit in one remote community after Feb. 1999. 

Therefore, the actual increasing rate in future has to be adjusted. In other words, the real 

increasing rate would not be as much as what it was expected, and a more conservative 

figure should be taken in performing a policy. 

Indicators discussed in the study to identify the change of health outcomes due to 

intervention were used as examples. They might not be consistent to those in national or 

local reports due to the different methodologies and different definitions. For examples 

the mortality rate in this study only confined to those deaths in the hospital, it did not 

include those who died outside hospitals. 

The only way to reduce the cost is to reduce the incidence of patients with chronic renal 

diseases and chronic renal failure. Various promotion and prevention program intends to 

reduce the identified risk factors of chronic renal diseases. Numerous studies have found 

that intervention treatment programs were effective in prolonging progression of renal 

failure. Hoy WE, B.P.K.A W.Z. et al (2000) found a community-based cardiovascular and 

renal treatment program to control high blood pressure and blood glucose could 
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significantly reduced the relative risk of endpoint of renal failure and natural death in the 

treatment program, 0.47 (95% a, 0.25-0.86; p = 0.013) after adjusted of baseline renal 

diseases. 

Numerous studies have found timely renal services (including specialists involvement and 

renal replacement treatment) to ESRD patients could reduce hospitalised costs. Ifudu 0, 

Dawood M and Homel Petal. (1996) discovered that hospital stays of ESRD patients 

were more than three times longer and five times more expensive for patients who were 

referred late to nephrologists compared with those referred earlier. Timely referral to 

specialists can facilitate earlier discussion about preparations for dialysis treatment, ensure 

timely placement of a permanent dialysis access, such as arteriovenous (A V) fistula or 

peritoneal catheter. Early prescription of dialysis modality and adequate dose of dialysis 

can reduce metabolic abnormalities, shorten hospitalisations and reduce mortality (Hakim, 

RM, Breyer, J, Ismail, Net al. 1994). Other study also found that compared to early 

referral, late referral was usually accompanied by hypoalbuminemia (56% versus 80%), 

lower hematocrit 28% (33% versus 55%), and lower GFR 5 rnVmin per 1.73 m2 (17% 

versus 40%) at the start of dialysis. The patient was less likely to have received 

erythropoietin (40% versus 17%) or have a functioning permanent vascular access for the 

first haemodialysis (40% versus 4%) (Arora, P, Obrador, GT, Ruthazer, Ret al. 1999). 

For those patients with other accompanying diseases by other diseases, such as diabetes or 

ischaemic heart diseases, a closer co-operation or a well designed care plan was needed to 

optimise their cares (Dunn, EJ, Burton, q and Feest, TG, 1999). 

The HBG and HRG framework provides an integration framework to help us to focus on 

health promotion, prevention and tertiary prevention in order to achieve better health 

outcomes for renal patients. It was also able to link needs, service, costs and outcomes, to 

identify the gaps in current services and standard practice, to estimate health care costs 

across whole health sectors and to evaluate the change of health status because of 

treatment programs. The only problem would be the information system The current 

information system did not design for this purpose. Therefore a various different source 

data needs to be input to perform a renal costing study across the health sectors. Some 

overlap information or missing information could not be prevented. 
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5.1 Major Findings and Suggestions 

1. Less Than 1% of Total Inpatients Consumed 8.8% of Total Inpatient Costs 

During the two-year study period, a total of 25,663 patients were admitted to RDH, Gove 

and Katherine hospitals. They consumed 59,568 episodes of care, at the total cost of 

$140.87 millions. Dialysis patients (not including PD outpatients), comprising around 

0.7% of total inpatients, used up 31.1% of episodes of care (59,568) and 8.8% ($12.4 

million) of total inpatient costs. 

2. A Total of $9.5 million were Used in Routine Haemodialysis Treatment 

The average cost per RI-IT was estimated at $525 and the average cost per patient in the 

study period was estimated at $57,500 ($73,500 for Aboriginals and $32,000 for non

Aboriginals). After adjusted for patient year, the cost per patient year was $76,196 for 

non-Aboriginals and $71,421 for Aboriginals. 

3. One Quarter of $12.4 millions were Spent in Hospitalisation 

Of care costs of $12.4 million, 23% was used in the hospitalizations to treat comorbidities 

and complications and to perform HD procedure when patients were hospitalised. The 

average cost of hospitalisation per patient was $17,813 (of 165 patients) or ($8,229 for 

non-Aboriginals and $23,140 for Aboriginals). After adjusted for patient year, the cost per 

patient year was $21,295 for non-Aboriginals vs. $41,648 for Aboriginals (p <0.05). 

The actual cost of each patient finishing a year's treatment was around $82,000 in 1996/97 

and $88,000 in 1997/98. These were combined costs of RI-IT and hospitalisation. 

The longer patients survive, the more dialysis treatment they need and the more costs they 

consume. In the study, Aboriginal patients had relative longer period in the dialysis 

program than that of non-Aboriginal (average 1.1 vs. 0.4 patient year), and therefore they 

cost more in RI-IT and more in hospitalization. Time on treatment will also increase if 

survival improves for people receiving ESRD treatment. 
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4. Dialysis-Related Access Procedures and Complications were the Most Costly 

Co morbidities 

In our study population, the highest costs used in hospitalisation in non-Aboriginals were 

access procedures (27%), dialysis-related complications (19%) and cardiovascular diseases 

(13%). For Aboriginal population, the highest costs were dialysis-related complications 

(21%), respiratory diseases (12%) and access procedures (12%). Multiple regression 

analysis also showed that not only the above reasons for admissions, but septicaemia, 

fluid, electrolyte and acid disorders and skin diseases were strongly related to the overall 

costs. A better managed care needs to be provided to avoid repeat shifts from o.ne dialysis 

modalityto another, and to reduce the rate of dialysis-related complications. Moreover, It 

is important to be aware that non-Aboriginal tended to have cardiovascular problems, 

while Aboriginals were predisposed to have respiratory diseases. Intervention and 

treatment programs for cardiovascular diseases should target at the non-Aboriginal 

patients and programs of respiratory diseases at the Aboriginal patients. 

5. Annualised Costs of Home-based CAPD Was Estimated at $36,000 

The annualised health related cost spent in home-based CAPD patients was estimated at 

$36,000 per patient per year. An additional cost of $10,121 was expected for each new 

CAPD patient for peritoneal catheter placement during the study period. 

6. Nursing Service, Pharmacies, and Goods and Services and Supplies Were the Three 

Highest Costly Items 

The study also found that, from service point of view, nursing cost was the highest cost 

item of all service costs. It consumed 33% of total RHf costs and 23% of total 

hospitalised costs. The next most costly items were goods, services and supplies (16% and 

11% respectivel0 and pharmaceuticals (14% and 15%). Costs of allied health and on costs 

were higher in RHf than in hospitalisation. Routine HD treatment involved intensive 

labour costs, while hospitalizations cost more in pathology, medical services, imaging and 

ICU. Institution based HD treatment involves intensive labor services, especially nursing 

services. 
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The higher labour costs in RHT suggested that home-based HD would achieve great cost 

savings. From the costing study of home-based CAPD treatment attached to this main 

study, the daily nursing cost was only $2 and was very low proportion of total CAPD cost. 

It could be expected that the home-based or community-based HD treatment could 

greatly reduce the total costs of HD treatment. 

7. An Additional $48-56 Millions was Required if Renal Problem is not Changed 

If the current situation of renal problems continues, it is predicted that over five years, the 

prevalence of dialysis treatments would increase at 11% annually and cost increase at 15% 

if 3% inflation rate is considered. It is expected that $48-56 millions would needed to meet 

the increasing demand of HD treatment in five years. 

8. To strengthen Primary, Secondary and Tertiary Prevention at All Stages of Renal 

Diseases 

It was found from literature review that different strategies are required at different stages 

of renal disease to achieve better outcomes. Tertiary prevention is vital to provide quality 

of care to reduce the incidence of comorbidities and the mortality rate in people with 

ESRD. Various studies also showed that if ESRD patients are promptly referred to 

nephrologists, and receive adequate dialysis treatment, treatment of anaemia, nutritional 

status, blood pressure and diabetic control, the initial length of stay in hospital, and the 

morbidity can be reduced (Obrador, GT and Pereira, BJ, 1998), (Hannah et al, 1999), 

(Hannah et al, 2000). 

Primary care is important in reduction of incidence of risk factors of renal disease, e.g., 

diabetes, essential hypertension and LBW. Reduction of incidence rate of risk factors of 

renal disease is a needed long-term strategy for health professionals. It could be achieved 

by health promotion, education of health, hygiene and diet. It usually takes a longer time 

to see the changes of outcomes, but it dose reduce the risk factors for renal diseases and 

other adulthood diseases (discussed in section 2.2). 

Secondary prevention by screening and treatment programs for those risk populations can 

reduce the incidence of renal failure by effectively retarding the progression of renal 

failure (Mackenzie, HS and Brenner, BM, 1998), (Brenner, BM and Mackenzie, HS, 1997), 
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(Lafferty, HM and Brenner, BM, 1990), (Hoy, WE, Mathews, JD, McOedie, DA et al. 

1998), (Hoy WE, Baker P, Kelly, A et al. 2000). lntetvention and treatment programs are 

extremely important to those patients with renal diseases at early stage. They not only 

retard the progression of the renal failure, but also improve patients' quality life by 

relieving the hypertension and edema. These intetvention and treatment could eventually 

save huge costs in hospitalisation and in emergency medical evacuation. 

5.2 Limitation and Bias Issues 

5.2.1 Limitation in Methodologies: 

1. Bias Occurred in Costing Study: DRG costs were summed over all unit costs for each 

setvice. This method allocated overhead costs according to a method called top down 

allocation. Information on most of key cost drivers was not available at the hospital level. 

There was no information of square footage, kilogram of laundry washing, paid hours of 

administration in allocating overhead costs of water and electricity, laundry, and general 

administration. Most of these information was substituted by number of inpatient staff, 

giving incorrect information practically. Instead of using individual patient cost, DRGs 

costs were used in the study. The DRG cost ignores the difference of setvice utilisation 

among patients with the same DRG. This also creates the bias in estimating the costs. 

2. It was hard to divide clearly between the costs of patient with HD and CAPD and 

between the costs of dialysis and renal transplantation. Patients shifting from one program 

to another made it impossible to cost health resources into a single program In that sense, 

the cost information provided in this study was in fact of combined patient costs, 

including patients in HD program as well as those temporarily transferred to HD 

program 

There needs a clear definition of how treatment modality is determined. In Australia, there 

is no clear definition to determine treatment modality when patients have more than one 

type of renal replacement therapy. 

3. When multiple regression analysis was used in the study, it assumed that the 

dependent variables were independent from each other. The variables used in the study, 

however, were individual major diagnosis groups, which had potential collinear 

relationships among each other from medical science. For example, diabetes and 
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cardiovascular disease were highly related to each other, as was ESRD highly related to 

dialysis-related complications and dialysis access procedures. 'This study did not consider 

these collinear relationships. 

4. Any multiple regression model is totally dependent on the number of variables 

selected. If one or more variables were dropped from selection, the model would be 

different from the one without dropping. Moreover, the final model selected here is 

dependent on original data, and can not be extrapolated to other population that has very 

different disease patterns from this study population. It is expected that the final model 

would be different if the different data are used. 

5. The variables selected in the final model are the ones with significant impact on total 

costs. But it doesn't mean that other variables (diseases) do not contribute to the cost in 

the data. 

5.2.2 Limitation in Information System and Data Base: 

1. The two costing study approaches used here are two commonlyused in the Australian 

health care system One benefit of top-down approach is efficient in estimating cost, as it 

avoids laborious costing of individual patients. But because it ignores variation in costs for 

individual patients, this model is inappropriate in patient-based economic evaluation. The 

bottom-up approach is suitable for small sample and more accurate as it ascribes a cost to 

individual patients based on their use of health resources. But it is very complex and time 

consuming to develop, validate and implement. It needs frequent updating. Moreover, it is 

hard to estimate overhead cost at the patient level. 

2. Incomplete and Inconsistent Information Systems across the NT. This study could 

only look at the cost of dialysis treatment in the Top End, because the information system 

of expenditure and morbidity data was different in Alice Spring Hospital. 

3. Underestimation of Comorbidities of Dialysis Patients and Their Costs: Nearly all 

DRGs of same day Rf-IT from the dialysis unit were recorded as DRG 572. Part of the 

reason is that the hospital care system usually ignores extra diagnoses if there is any 

associated diagnosis. Another reason is that medical staff sometime doesn't write down 
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the diagnoses that actually need extra care. 1his insufficient information also resulted in 

lower estimation of costs. 

4. Underestimation of Number of Dialysis Treatments: Due to deficiencies in the 

information system, the actual number of dialysis treatments during hospitalisation was 

underestimated in the hospital data. We estimated the actual number of HD treatments 

during hospitalisation by calculating total days in hospital of 488 admissions (i.e. 4,312) 

divided by 7 and multiplied by 3, giving around 1,841 in two-year. 1his underestimation 

of number of dialysis treatments resulted in an overestimated unit cost of dialysis 

treatment. 

5. This study was based on the perspectives of health department. Information system 

was not available in providing the information on costs spent in other service providers, 

such as the GP, the community health care centers, Medicare and other non-government 

organisations providing services related to dialysis patients. 

5.3 Suggestion of Future Study 

1. There needs a clear definition of how treatment modality is determined. In Australia, 

there is no clear definition to determine treatment modality when patients shift from one 

treatment to another. Given such a definition, it would be able to cost patients with 

specific modality treatments. It is also suggested that future study should cover the costs 

of all ESRD patients, including renal transplant patients. 

2. Available Data should be Updated Frequently. The hospital morbidity data used in the 

study -was not updated in a timely fashion, therefore there were numerous variables with 

mistakes and coding problems. There was insufficient mortality information in the current 

NT renal registry data and it needs to be updated as well. 

3. A complete renal registry should be established. There needs to be a population based 

information system to identify the development of renal diseases from the early stage to 

terminal stage, so that care plans could be implemented to individual patients. It could 

also give the better knowledge of how resources are used and in which t}pes of 

prevention resources need to be invested in future. 
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Dialysis Patients Related DRG3 List 

DRG3 DESOUPTION 
3 1RAGIEOSTOMY 01HDISD A>15 
23 CRANIOTOMY +CC 
37 CEREBROV ASCIR DSRD EX TIA +CC 
41 NRVS SYS INF EX VRL .MENINGITI 
44 NONIRAUMATIC STUPOR & COMA 
45 SEIZURE A>64 +CC 
46 SEIZURE (A<65 +CQ/(A>65 -CQ 
48 HEADAGIE 
56 DMNTIA&GLBL DSTRBS OF CRBRL F 
98 LENS PR + VITRECfOMY OR +CC 
130 DYSEQUILIBRIUM 
133 OTITIS.MEDIA&URIA:;:I;) +CC 
163 01HRESP SYS O.R PR +MAJ CC 
166 RESP SYS DX WVENTILATOR SUP 
170 RSP INFC/INFLM A >54 +CC 
171 RSP INFC/INFLMA>54-CCI A<SS+C 
176 PULMNRY OEDEMA &RESP FAILURE 
177 CHRONICOBS1RCTV AIRWAYS DIS 
181 RESPIRATORY SGN & SYM A>74/ +C 
186 BRNa-ITS&AS1HMA A <SO+CCI A>19-C 
194 PLEURAL EFFUSN A>64-CC/ A <65 +C 
199 OTHERRESP SYS DXA>64 +CC 
200 OTRESP SYS DXA>64-CC/ A<65+C 
231 VSCLRPR-MJRRECNS1R-PMP +C 
232 VSCIR PR -MJR RECNS1R -PMP -C 
240 01H QRCULATORY SYS O.R PR 
244 QRCSYS DX +VENTILA1RSUPPOR 
249 CRCDSRD+AMI-INVSV CINPR-MC 
251 INFECTIVE ENDOCARDITIS 
252 HEART FAILURE &SHOCK 
255 CORONARY ATHEROSCLEROSIS +CC 
257 HYPERTENSION +CC 
259 SYNCOPE & COLLAPSE +CC 
261 GIESTPAIN 
269 UNSTABLE ANGINA +CC 
277 PRPHRL VSCIRDSR +NMCCI A>?4-C 
279 NM ARRHYIBM&CONDCfN DSRD +MCC 
280 NMARYTM&CNDCfNDSRA>69/+NMC 
282 OTHERQRCSYSTEMDXA>69 +CC 
283 OTQRCSYS DXA>69-CCI A<70+C 
284 OTHER QRC SYSTEM DX A <70 -CC 
311 PERTNL ADHSLYS A<SO+CCI A>19-C 
319 ABDOM, UMB &01HHERNIAPRA> 
322 01HDIGV SYS O.R PR +CCI +MAL 
331 01HGAS1ROSCOPY+N-MDIGDIS+C 
334 OTHER COLONOSCOPY +CC 
337 G.I. HAEMORRHAGE A>64/ +CC 
346 ABDMNL PN, .MESEN1RC ADENTS +C 
348 OESPHS,GAST&MDD A>?4/ A10-74+C 
367 CHOLECYSTECTOMY -CD.E. 
376 DSRLVR-MAL,GRR,ALCHEPA +C 
378 DSRD OF BILIARY 1RACf +CC 
380 01H HEPTBLRY&P ANCRS OR PR +CC 
400 INFC/INFLBN&JT +MISCMS&CfP 
423 LCL EXC&RMVL INT FX DV HP&FMR 
448 CONNECTIVE TISSUE DSR A>64/ +C 
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DRG3 DESCRIPTION 
Omtinuai 
450 SEPTICAR1HRITIS +CC 
459 BNE DIS&SPCFC ARTI-IRPTII A <lS5 
478 OTIIERMS&CTDXA>69-CC/ A<70+C 
489 CELLUUTIS A>'59 +CC 
490 CELLUUTIS A >'59-CCI A<lSO+CC 
500 L LMB +SKN G/FLP R +ULR! CLS +C 
507 SKIN ULCERS A <lS5 
512 MALBRSTDSRD A>69-CC/ A<70+CC 
520 DIABETIC FOOT 
528 OrnER ENDCRN,NUIR&META O.R. P 
529 INTD SDAY STAYENDSCPCIO.R. P 
532 :MISCMETABOUCDISORDERS +CC 
538 SDAYIN,MT,OB END,NIR,MS MTD 
539 DIABETES +MCC/(A>'59+NMCQ 
541 DIABETES A<lSO-MAJORCC 
552 KDNY,URTR&MJRBLDRPRNPLSM+C 
566 INSERTION PERITONEAL CATIIETER 
567 OTII KDNY&URY TRCT O.R.PR +MCC 
568 OTIIKDNY&URYTRCfO.R.PR +NMC 
569 OTII KDNY&URY TRCT O.R.PR -CC 
570 RENAL F AlLURE +CC 
571 RENAL FAILURE -CC 
572 AD :MIT FOR RENAL DIALYSIS 
576 KDNY&URYTINF A<70+CC/ A>69-C 
586 OTIIKDNY&URNRYTRCTDX +NMCC 
587 OTII KDNY&URNRY TRCT DX -CC 
623 OrnER MALE REPRODUCTIVE SYS D 
653 UTRN,ADNX PR-OVRN/ ADNXL MAL+C 
659 CONISTN,V AGINA,CERVIX&VUL VA P 
759 RED BLOOD CELL DSRD A>64 +CC 
808 SEPTICAEMIA A>34 
811 FEVER UNKNOWN ORIGIN A~ +CC 
815 VIRAL ILLNESS A <lSO 
819 O.R.PRI&P DIS A>'54-CC/ A<55+C 
885 INJURIES A <lS5 
890 COMPLCTNS TREATMENT A>'59 +CC 
891 COMPLCTNS TREATMENT A<lSO/-CC 
895 SKIN GRAFTS INJURIES L WR LMB 
902 OrnER PR OrnER INJURIES -CC 
930 O.R.PR +DX OT CNTCT HL TII SRV +C 
932 SIGNS &SYMPTOMS 
934 SHORT STAY CNTCT HL TII SERVICE 
939 AFTERCARE -SDX HST MALIGNANCY 
942 OTIIFCTRINFLHLTIIST A>79/+C 
950 EXT O.R. PR UNREL PRINOP AL D 
954 NON-EXT O.R. PR UNREL TO PDX 
Adapted from (Department of Human Services and Health, 1993) 
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Table A10: Comparison of Cost Component of Renal Dialysis Treatments in RDH and 
National Level {1996/97 and 1997 /98} 
Cost Components RDH96/97 RDH97/98 NATIONAL NATIONAL 

96/97 97/988 
Total Number of Treatments 80S4 99S7 309049 

ALOS 1.00 1.00 1.00 1 
Cost Weight 0.20 0.24 0.22 
Cost! patient 49S SS1 490 496 

Ward Nurse Cost Weight 0.34 0.28 0.23 0.23 
Cost! patient 187 161 140 143 

Path Cost Weight 0.02 0.26 0.17 0.18 
Cost/ patient 3 37 17 17 

Imaging Cost Weight 0.00 0.04 0.03 0.04 
Cost! patient 0 4 2 3 

Ward Medical Cost Weight 0.08 0.16 0.31 0.31 
Cost/ patient 23 34 8S 90 

Allied Cost Weight 0.10 0.36 0.14 0.16 
Cost! patient 11 46 8 9 

Pharmacy Cost Weight 0.31 0.68 0.48 0.48 
Cost/ patient 46 9S so so 

Critical Care Cost Weight 0.00 0.00 0.03 0.04 
Cost! patient 0 0 4 6 

OR Cost Weight 0.00 0.00 0.10 0.09 
Cost/ patient 0 0 31 26 

ED Cost Weight 1.04 0.40 0.02 O.Q2 
Cost! patient 42 12 1 1 

Supplies Cost Weight 0.30 _0.39 0.32 0.51 
Cost! patient 82 89 91 91 

Pros Cost Weight 0.00 0.00 0.07 0.07 
Cost! patient 0 0 2 2 

OnCosts Cost Weight 0.2S 0.26 0.23 0.21 
Cost! patient 64 60 19 18 

Other Cost Weight 0.41 0.21 0.28 0.21 
Cost! patient 37 14 2S 28 
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Table All: Forecast Dialysis Volume in Year 1999-2001 
Year/Month Actual Forecast Stand Error Lower-95% UEEer-95% RESIDUAL 
95/1 480 
95/2 481 
95/3 555 
95/4 537 
95/5 533 
95/6 556 
95/7 562 
95/8 575 
95/9 616 
95/10 583 
95/11 543 
95/12 581 
96/1 611 
96/2 571 612 46 522 702 -41 
96/3 621 654 46 564 744 -33 
96/4 575 610 46 520 700 -35 
96/5 626 578 46 488 669 48 
96/6 551 639 46 549 729 -88 
96/7 596 576 46 486 666 20 
96/8 601 605 46 514 695 -4 
96/9 605 643 46 553 733 -38 
96/10 637 580 46 490 670 57 
96/11 629 585 46 4~5 675 44 
96/12 670 658 46 567 748 12 
97/1 721 697 46 607 788 24 
97/2 642 702 46 612 792 -60 
97/3 739 726 46 636 816 13 
97/4 755 713 46 622 803 42 
97/5 738 766 46 676 857 -28 
97/6 721 725 46 635 816 -4 
97/7 845 754 46 664 844 91 
97/8 822 833 46 743 923 -11 
97/9 787 853 46 762 943 -66 
97/10 800 796 46 706 887 4 
97/11 773 763 46 673 853 10 
97/12 825 804 46 714 894 21 
98/1 830 856 46 766 947 -26 
98/2 796 795 46 705 885 1 
98/3 855 884 46 794 975 -29 
98/4 844 850 46 760 940 -6 
98/5 860 847 46 756 937 13 
98/6 920 843 46 753 933 77 
98/7 884 969 46 879 1059 -85 
98/8 848 886 46 796 976 -38 
98/9 822 863 46 773 953 -41 
98/10 828 842 46 751 932 -14 
98/11 807 797 46 707 888 10 
98/12 846 843 46 753 934 3 
99/1 817 867 46 777 958 -50 
99/2 864 793 46 703 883 71 
99/3 949 927 46 837 1017 22 
99/4 929 937 46 847 1027 -8 
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Year/Month Actual Forecast Stand Error Lower-95% u1212er-95% RESIDUAL 
Omti1'lUfXi 
99/5 942 938 46 848 1028 4 
99/6 1044 952 46 862 1042 92 
99/7 1149 1043 46 953 1133 106 
99/8 1125 1115 46 1025 1205 10 
99/9 1079 1123 46 1033 1213 -44 
99/10 1046 1103 46 1013 1193 -57 
99/11 1079 1031 46 941 1121 48 
99/12 1102 1106 46 1016 1196 -4 
00/1 1106 46 1016 1196 
00/2 1108 59 993 1223 
00/3 1179 69 1044 1313 
00/4 1164 78 1011 1316 
00/5 1174 86 1006 1342 
00/6 1217 93 1035 1400 
00/7 1254 100 1058 1450 
00/8 1224 106 1015 1432 
00/9 1206 112 986 1426 
00/10 1210 118 978 1441 
00/11 1212 123 970 1454 
00/12 1237 129 986 1489 
02/1 1242 139 969 1514 
02/2 1243 145 958 1528 
02/3 1314 152 1017 1611 
02/4 1299 158 991 1608 
0215 1310 163 990 1630 
02/6 1353 169 1022 1683 
02/7 1390 174 1048 1731 
02/8 1359 179 1008 1710 
02/9 1341 184 980 1703 
02/10 1345 189 974 1716 
02/11 1347 194 967 1728 
02/12 1373 199 983 1763 
03/1 1377 207 971 1784 
03/2 1379 213 961 1797 
03/3 1450 219 1020 1879 
03/4 1435 224 995 1875 
03/5 1445 230 995 1896 
03/6 1488 235 1027 1949 
03/7 1525 240 1054 1996 
03/8 1495 245 1014 1975 
03/9 1477 250 986 1967 
03/10 1481 255 981 1981 
03/11 1483 260 973 1992 
03/12 1508 265 990 2027 
04/1 1513 273 978 2047 
04/2 1514 278 969 2060 
04/3 1585 284 1028 2142 
04/4 1570 290 1003 2138 
04/5 1581 295 1003 2159 
04/6 1624 300 1035 2212 
04/7 1661 305 1062 2259 
04/8 1630 311 1021 2239 
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Year/Month Actual Forecast Stand Error Lower-95% UEEer-95% RESIDUAL 
Continual 
04/9 1612 316 994 2231 
04/10 1616 321 988 2244 
04/11 1618 325 980 2256 
04/12 1644 330 997 2291 
05/1 1648 338 985 2311 
05/2 1650 344 976 2324 
05/3 1720 350 1035 2406 
05/4 1706 355 1009 2402 
05/5 1716 361 1009 2423 
05/6 1759 366 1041 2477 
05/7 1796 372 1068 2524 
05/8 1765 377 1027 2504 
05/9 1748 382 999 2497 
05/10 1752 387 993 2510 
05/11 1754 392 985 2523 
05/12 1779 397 1001 2558 
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Figure All: Autocorrelation Function of First and Seasonal Difference, and Residuals. 
ARIMA Procedure 

Name of variable = NO. OF HD TREATMENT 

Period(s) of Differencing = 1. 
Mean of working series = 10.54237 
Standard deviation = 44.60346 
Number of observations = 59 

(a) 

NOTE: The first observation was eliminated by differencing. 

Autocorrelations 

Lag Covariance Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 Std 
0 1989.469 1.00000 I ********************I 0 
1 -482.584 -0.24257 I ***** I 0.130189 
2 -285.942 -0.14373 I *** I 0.137636 
3 111.366 0.05598 I * I 0.140157 
4 92.700826 0.04660 I * I 0.140535 
5 -53.548055 -0.02692 I * I 0.140797 
6 -2.767347 -0.00139 I I 0.140884 
7 -271.611 -0.13652 I *** I 0.140884 
8 13.357700 0.00671 I I 0.143109 
9 14.579947 0.00733 I I 0.143115 

10 -128.721 -0.06470 I * I 0.143121 
11 -200.281 -0.10067 I ** I 0.143616 
12 552.862 0.27789 I ****** I 0.144807 
13 -499.302 -0.25097 I ***** I 0.153580 
14 265.928 0.13367 I *** I 0.160381 

II 11 marks two standard errors 

Partial Autocorrelations 
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Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

To 
Lag 

6 
12 

To 

-0.24257 I *****I I 
-0.21523 I ·****I I 
-0.04300 I *I I 
0.02280 I I I 
0.00002 I I I 
0.00685 I I I 

-0.15711 I ***I I 
-0.09010 I **I I 
-0.07412 I *I I 
-0.10111 I **I I 
-0.16720 I ***I I 

0.20071 I 1****. I 
-0.19633 I ·****I I 
0.10804 I I** I 

Autocorrelation Check for White Noise 

Chi Autocorrelations 
Square DF Prob 

5.35 6 0.500 -0.243 -0.144 0.056 0.047 -0.027 -0.001 
13.63 12 0.325 -0.137 0.007 0.007 -0.065 -0.101 

Variance Estimate = 2100.61017 
Std Error Estimate = 45.832414 
AIC = 618.783752* 
SBC = 618.783752* 
Number of Residuals= 59 
* Does not include log determinant. 

Autocorrelation Check of Residuals 

Chi Autocorrelations 
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Lag Square DF 
6 4.00 6 

12 11.83 12 
18 17.73 18 
24 25.81 24 

Prob 
0.677 -0.178 -0.093 0.102 0.098 0.029 0.045 
0.459 -0.092 0.040 0.046 -0.025 -0.065 0.294 
0.474 -0.206 0.157 0.064 -0.057 0.007 -0.008 
0.363 0.164 -0.006 -0.070 0.020 0.093 

Model for variable NO. OF HD TREATMENT 

No mean term in this model. 
Period(s) of Differencing = 1. 

ARIMA Procedure 

Name of variable = NO. OF HD TREATMENT 

Period(s) of Differencing= 1,12. 
Mean of working series = 2.659574 
Standard deviation = 51.31102 
Number of observations = 47 

0.204 

(b) 

NOTE: The first 13 observations were eliminated by differencing. 

Autocorrelations 

Lag Covariance Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 Std 
0 2632.820 1.00000 I 1********************1 0 
1 -442.917 -0.16823 I ***I I 0.145865 
2 -494.966 -0.18800 I ****I I 0.149936 
3 289.603 0.11000 I I** I 0.154870 
4 277.199 0.10529 I I** I 0.156524 
5 117.927 0.04479 I I* I 0.158024 
6 129.898 0.04934 I I* I 0.158293 
7 -694.456 -0.26377 I .*****1 I 0.158620 
8 307.853 0.11693 I I** I 0.167693 
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9 -15.341341 
10 -168.550 
11 238.031 

-0.00583 
-0.06402 
0.09041 

I 
*I 
I** 

11 11 marks two standard errors 

Partial Autocorrelations 

Lag Correlation 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 -0.16823 ***I 
2 -0.22260 ****I 
3 0.03669 I* 
4 0.10057 I** 
5 0.12574 I*** 
6 0.12904 I*** 
7 -0.24478 ·*****I 
8 0.01477 I 
9 -0.12639 ***I 

10 -0.03369 *I 
11 0.12297 I** 

Autocorrelation Check for White'Noise 

To Chi Autocorrelations 
Lag Square DF Prob 

6 4.70 6 0.583 -0.168 -0.188 0.110 0.105 0.045 

Conditional Least Squares Estimation 

Parameter 
MA1,1 
MA1,2 

Estimate 
0.21363 
0.64162 

Approx. 
Std Error 

0.12642 
0.16596 

T Ratio Lag 
1.69 1 
3.87 12 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0.049 

0.169419 
0.169423 
0.169937 



To 
Lag 

6 
12 
18 
24 

Variance Estimate 
Std Error Estimate 
AIC 
SBC 

2118.12545 
46.0230969 
495.275899* 
498.976195* 

Number of Residuals= 47 
* Does not include log determinant. 

Correlations of the Estimates 

Chi 
Square DF 

2.51 4 

Parameter 

MA1,1 
MA1,2 

MA1,1 

1. 000 
-0.019 

MA1,2 

-0.019 
1.000 

Autocorrelation Check of Residuals 

Autocorrelations 
Prob 

0.642 0.000 -0.196 -0.029 0.079 0.034 0.045 
6.49 10 0.772 -0.175 0.053 -0.062 -0.171 -0.012 -0.001 

10.82 16 0.821 -0.005 0.109 -0.055 -0 •. 205 -0.010 -0.041 
21.48 22 0.491 0.230 0.010 -0.193 -0.111 

Model for variable NO. OF HD TREATMENT 

No mean term in this model. 
Period(s} of Differencing= 1,12. 

Moving Average Factors 

0.139 

Factor 1: 1- 0.21363 B**(1) - 0.64162 B**(12) 
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ARIMA Procedure 

Name of variable = RESIDUAL. 
Mean of working series = 0.659727 
Standard deviation = 45.0284 
Number of observations 47 

Autocorrelations 

Lag Covariance Correlation 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
0 2027.557 1.00000 ******************** 
1 -0.351374 -0.00017 
2 -397.859 -0.19623 **** 
3 -61.180706 -0.03017 * 
4 157.546 0.07770 ** 
5 65.769923 0.03244 * 
6 89.165840 0.04398 * 
7 -355.062 -0.17512 **** 
8 106.186 0.05237 * 
9 -125.318 -0.06181 * 

10 -345.346 -0.17033 *** 
11 -22.508226 -0.01110 

II 11 marks two standard errors 

Partial Autocorrelations 

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1 -0.00017 I I 
2 -0.19623 I ****I 
3 -0.03146 I *I 
4 0.04060 I I* 
5 0.02194 I I 
6 0.06878 I I* 
7 -0.16839 I ***I 
8 0.07650 I I** 
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(c) 

Std 
0 

0.145865 
0.145865 
0.151377 
0.151505 
0.152351 
0.152498 
0.152767 
0.156980 
0.157351 
0.157867 
0.161730 

I 
I 
I 
I 
I 
I 
I 
I 



9 -0.13787 I ***I 
10 -0.17324 I ***I 
11 -0.02639 I *I 

Autocorrelation Check for White Noise 

To Chi Autocorrelations 
Lag Square DF Frob 

6 2.51 6 0.868 -0.000 -0.196 -0.030 0.078 0.032 0.044 

Variance Estimate = 2027.99245 
Std Error Estimate = 45.0332372 
AIC = 491.275899* 
SBC = 491.275899* 
Number of Residuals= 47 
* Does not include log determinant. 

Autocorrelation Check of Residuals 

To Chi Autocorrelations. 
Lag Square DF Frob 

6 2.51 6 0.867 0.000 -0.196 -0.029 0.079 0.034 0.045 
12 6.49 12 0.889 -0.175 0.053 -0.062 -0.171 -0.012 -0.001 
18 10.82 18 0.902 -0.005 0.109 -0.055 -0.205 -0.010 -0.041 
24 21.48 24 0.610 0.230 0.010 -0.193 -0.111 0.139 0.014 
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APPENDIX2: 

APPLICATION OF ZERO-BASED CDSTING MODEL 

A-Satellite-Based Haemodialysis J reatment 
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BACKGROUND 

To validate the extent of accuracy of zero-base model, the final unit cost of haemodialysis 

treatment was compared between Zero-base Budget model (ZBBM) and COMBO model. 

It was found that unit cost of the treatment was vety similar to each other, making the 

higher creditability to apply ZZBM in the Continuous Ambulatoty Peritoneal Dialysis 

treatment (CAPD). By using ZZBM, this report presented HD costing study in the first 

part and CAPD costing study in the second part. 
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Table A20: HD Cost by Zero-based Budget Model 

Cos titre Adjusted OJst I Actual OJst I Patient Total OJst 
atment Year I Patient($) (1996198) ($) 

Unit OJsts 

Personnel OJst 155.0 

Drugs 3.5 

Pathology 8.2 

Imaging 0.9 

Medical Supplies 6.2 

Travel+ Transport 2.0 

PPT 97.2 

Maintenance 1.8 

Electricity & Water 6.3 

Food 2.2 

do thing 0.1 

Other 10.0 

Total Unit OJsts 293.4 45,768 21,828 2,553,889 

Total Unit OJsts 
+ 

Overhead OJst 82.1 

Total Hospital OJsts 375.5 3,268,978 

Total Hospital OJsts 
+ 

AIMSS 14.5 

Total THS OJsts 390.0 3,395,201 

Total THS OJsts 
+ 

EPO 74.5 

Total Health Care OJst 464.5 72,466 34,562 4,043,723 

Total Health Care OJst 
+ 

Creation of A-V fistula 21.8 

Total OJst at the first year 486.3 75,863 36,182 
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Notes to Sununaty Page 

In 1997/98 financial year, 8,705 haemodialysis treatments were completed, which were 

equivalent of 55.8 patients who finish whole year program, with three times treatment per 

week and fifty-two weeks a year. The actual number of patients enrolled in the unit was 

117. Among those 117 patients, 55 were new patients in 97/98. 

Direct O:>st 

Personnel O:>st: Personnel cost included costs of nursing, allied health worker, medical 

staff and administration staff and technician. 

Nursing: In 1997/98 financial year there was an equivalent of 55.8 ESRD patients with 

haemodialysis dependent treatment in the renal unit. The total F1Es were 16.59, with 

13.92 of registered nurses (RN), 0.66 of enrolled nurses (EN), and 2.01 of personal care 

nurses (PCA) respectively, giving an average ratio of 1 nurse to 3.4 patients ( = 55.8 I 

16.59 = 3.4). This was higher than desirable 1:3. These F1Es includes roster hours, float 

hours, overtime hours and agent nurse hours. 

One full time equivalent (F1E) social worker is dedicated to the renal unit, involved in 

social support for patients treated in the town. 

Renal administration costs were evenly allocated among dialysis patients based on number 

of treatment. It assumed HD and CAPD in center consumed the same administration 

resources. The average cost for administration would be total administration cost/total 

dialysis treatment, i.e., 

$99439/ (8705+280) =$11.1/treatment. 

Technician's cost was the technician's salary. 

Medical costs were composed of 0.1 F1Es specialist salaries and additional consultant 

fees. The consultant fee was $8,743. It assumed that a specialist's annual salary was 

$94,500. Therefore, the average medical cost was ($9,450+$8,743)/8705=$2.1 per 

treatment. 
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Drugs: The drug cost for haemodialysis patients in renal cost center in RDH included 

regular drug used during dialysis treatment and Price Per Treatment (PP1) cost. 

The regular drugs used in routine haemodialysis treatment were Heparin, Lignocaine, 

EPO, Iron etc .. EPO cost was covered by commonwealth government as patients with 

routine dialysis treatment were considered as outpatients. Whether EPO will be included 

in the costing study totally depends on what perspective of the study. For decision-makers 

in Territory Health Department, this might not be necessary to be considered. But if 

looking at from social point of view, all of costs have to be covered. 

PPT was the cost that RDH used in a contract with one of company to supply both 

dialysis disposable and dialysis machines. PPT was different with the contract to different 

commercial company. In 1993-1998, PPT in the contract was $97.2 per dialysis treatment. 

Pathology and Imaging costs: Pathology and imaging tests are based on the least frequent 

of tests annually for ESRD patients, set by the renal department under best practical 

guidelines. The pathology cost is determined by the 75% of Standard Medicare Schedule 

Book (Nov.1998). Some of pathology tests were underwent in RDH campus, while others 

were sent away to local or other state pathology department. Seventy-five percent of 

standard Medicare schedule price was charged in the first situation, while 65% or 85% was 

charged in the second situation. 

Imaging Cost: Unlike pathology costs, imaging cost study for 97/98 financial year were 

underwent in RDH The actual cost for each imaging test was combined of Medicare 

imaging price and all other costs used in imaging department, including all kinds of 

resources. 

Food: In Renal Unit, one meal was provided per dialysis treatment. Sandwich or meat pie 

was the main meal to provide patients during dialysis. 

Electricity and Water are included. But the water plant maintenance for dialysis was 

covered in PPT rather than this water and electricity expenditure. 

Overhead Costs 
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Notes to Labour Related Costs 

Administration: Renal administration included 1 FIE cleaner, 1FTE dietitian, and 1 FTE 

receptionist. 

Nursing: In 1996/97 year, there were equivalent of 16.6 FTEs of nurses in the dialysis 

unit. An average of 55 patients (8705 divided by 156) was treated in the dialysis unit by 16 

FTE nursing staff or a ratio of 1 nurse to 3.3 patients. This ratio was slightly higher than 

recognised as optimum for in-hospital units and therefore artificially produced lower labor 

costs than those in renal ward. 

Medical: 10% of 1FTE specialist time was involved in dialysis unit each week, for 

reviewing dialysis patients, or accepting new patients, , i.e., 4 hours a week 

Technician: One FTE technician was employed by RDH, to maintain and repair all 

equipment of dialysis facilities. It was assumed that 80% of his time was spent in the 

dialysis unit. 

Notes toDmg Costs 

All drugs listed above are the routine usage during haemodialysis treatment. The average 

cost of those drugs was $3.5 for each episode. 

Erythropoietin (EPO) was routinely used for each patient during dialysis. The 

Commonwealth Department of Human setvices and Health funded this drug. This is not 

the cost of health department, nor the cost of hospitals. But it is a part of social cost or 

government cost. 

Notes to Imaging Cost 

The average imaging cost per treatment is calculated from the actual total numbers of 

imaging test among 117 patients per year, and the estimated cost of each imaging test 

(from costing study of radiology department in the RDH). 

Notes to AIMSS Cost 
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1HS had a contract with AIMSS organisation, to provide transportation to patients to and 

from dialysis facility, such as satellite dialysis unit, and renal ward in the hospital. 'This 

contract included t\Vo parts of service fee: wheelchair and transportation. The 

transportation fee was kept at a contract price at $324,972 each year after 1996, while the 

wheelchair fee was $48,470 in 1996/97 and $56,324 in 1997/98. The total cost for AIMSS 

service was $754,738 in t\Vo years. The total separations in these t\Vo years in RDH 

including dialysis patients were 51,636. The average cost for a return trip = 

$754738/51636 =$14.5. 

Notes to Inpatient Procedure Costs 

Each new patient needed to have his/her fistula established before he/ she could start 

regular dialysis treatment. Using casemix information of hospital costing study, the cost of 

this inpatient procedure, identified as DRG 566, was obtained at $3397, with average cost 

of $21.8 per treatment. 
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Royal Darwin Hospital-Nightcliff Satellite Renal Dialysis Unit 

Table A21: Personnel Cost 
FTEs Actual Expenditure Cost I Treatment Annual Cost I patient 

Nurse 14.6 901,358 103.54 16,153 
PCA 2 51,722 5.94 927 
AHW 1 238,592 27.41 4,276 
Technician 1 4,000 0.46 72 
Medical 0.1 18,193 2.09 326 
Administration + others 3 99,439 11.42 1,782 

Total Personnel Cost 1,313,304 1150.87 123,535 

Table A22: Labour Related Cost ComEonent 
Labour Cost Nurse PCA AHW Medical Administration Technician Total 

Salaries and wages 748,702 46,509 197,268 
Higher duties 2,912 569 0 
Leave loading 1,674 561 3,037 
NT Allowance 5,872 2 2,092 
Other PNL Allowance 2,285 3 5,816 
Overtime 7,402 209 13,452 
Penalty Payments 105,387 3,699 2,965 
Recreation Leave Fares 11,616 0 0 
Terminations 5,318 0 8,088 
Workers' Compensation 0 82 2,928 
Perishable Freight 2 0 0 
other 10,188 88 2,946 

Total 901,358 51,722 238,592 18,193 99,439 4,0000 1,349,304 

j155.00 I 
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Royal Darwin Hospital-Nightcliff Satellite Renal Dialysis Unit 

Table A23: Actual Full Time Equivalent Qmnted by Laboui"_by'fyp!s of Productivity 
97/98 RDUproductive Hours(average hours/ month) Rostered Agent Hours Overtiime 

Registered Nurse 
Enrolled Nurse 
PCA 
TotalFTEs 

97/98 RDUNon Productive Hours (average hours/ month) 
Registered Nurse 
Enrolled Nurse 
PCA 

Hours Hours 
2106.00 23.40 6.81 
114.33 
274.33 

ARL 
359.3 
13.3 
16.0 

0.00 

70.33 

LSL 
6.0 
0.0 
0.0 

0.08 
0.08 

SickW/0 
106.3 . 
12.9 

3.3 
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Float Hours Actual Hours FTEs/ month Actual FTEs 

281.00 
0.00 
5.33 

Sick With 
18.8 
2.0 

1.3 

2417.21 
114.41 
350.07 

173.81 
173.81 
173.81 

13.91 
0.66 
2.01 

16.58 

Work Compensation Total 
0.0 490.5 

0.0 28.3 

0.0 20.7 



Royal Darwin Hospital-Nightcliff Satellite Renal Dialysis Unit 

Table A24: Regular Drugs Used in Routine Dialysis Treatment 
Description Quantity Unit Cost 

Heparin 1 1.04 
Lignocaine 1 0.32 
Iron Infusion 1 1.59 
Vitamins 5 0.10 
Subtotal 
EPO 1 74.50 
Total 

Treatment Cost 

1.04 
0.32 
1.59 
0.50 

I 3A5 I 
~~ 

I 77.95 1 

Drug usage varied according to the individual needs of each patient, a typical list of regular 

requirements were mentioned here. 

PPT Items Covered (see table 3.2.1) 
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Royal DatWin Hospital-Nightcliff Satellite Renal Dialysis Unit 

Regular Imaging Test For Individual Patient Per Year 

Average dialysis treatments per year 156 

Table .A25: Imaging Cost 
A B C=A':-B D=A/156 E=B''D 

Imaging Tests Number per Year Unit Cost Approximately($) Cost per Annual per Patient Proportion per Treatment Cost Treatment 

CXR 1 
AV fistula 0.0833333 
Echo renal 0.0227273 

Echocardiogrph 0.0378788 
CfHead 0.0606061 
VENofarm 0.0606061 
Total 

59.34 
264.12 
160.68 

306.06 
260.36 
294.78 

59.34 
22.01 
3.65 

11.59 
15.78 

' 17.87 
130.24 

Among 117 patients, 11 had A V fistula imaging tests, 3 echo-renal, 5 echo-cardia, 8 Cf 
head, and 8 VEN of arm. 
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0.0064 
0.0006 
0.0002 

0.0003 
0.0004 
0.0004 

0.3804 
0.1592 
0.0264 

0.0838 
0.1141 
0.1292 

1- 0.8931 1 



Royal Darwin Hospital-Nightcliff Satellite Renal Dialysis Unit 
Regular Pathology Test For Individual Patient Per Year -

Average dialysis treatments per year 156 

Table .A26: Pathology Cost 
A B C=N'B D=A/156 

Number Test I Unit Cost Approximately($) Cost per Annual per Patient Proportion per Treatment 
Year 
12 12.9 154.80 0.0769 

12 14.85 178.20 0.0769 

12 11.8 141.60 0.0769 

12 32.00 384.00 0.0769 

1 30.95 30.95 0.0064 

1 26.85 26.85 0.0064 

2 18.55 37.10 0.0128 

2 10.45 20.90 '0.0128 

2 10.45 20.90 0.0128 

2 10.25 20.50 0.0128 

1 14.85 14.85 0.0064 

4 27.5 110.00 0.0256 

4 8.55 34.20 0.0256 

4 12.45 49.80 0.0256 

4 14.85 59.40 0.0256 

Total 1284.05 3.5179 
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E=D~'B 

Average Cost 
/Treatment 

0.9923 

1.1423 

0.9077 

2.4615 

0.1984 

0.1721 

0.2378 

0.1340 

0.1340 

0.1314 

0.0952 

0.7051 

0.2192 
0.3192 

0.3808 

8.2311 



Findings: 

In 1997/98, the actual total cost spent in renal unit for l-ID patients was $2.6 millions. The 

average cost per treatment was $293 at the unit level, $376 at the hospital level, and $486 

of health care costs. The annualised cost per patient was $72,466 if 156 treatments were 

provided. The first year cost was $75,866 when the access procedure cost was taken into 

consideration. 

The average cost of l-ID per treatment from ZZBM was different from that cost from 

hospital costing model($ 486 vs. $550 in 97 /98). 

Several reasons were contributed to these differences. 

First, patients were different. In hospital costing model, all patients with routine l-ID 

treatments were included no matter whether the treatment was performed in dialysis unit, 

or from renal ward, emergent department, medical ward. In this Zero-based model, 

patients in dialysis unit were in quite stable medical condition, and consumed less medical 

resources, such as staff Qower ratio of nurse and medical staff to patients) and other 

inpatient setvices Qess pathology, imaging and drug cost). This was one of reasons that the 

cost in ZBCM is cheaper than that in COMBO model. 

Secondly, cost items were different. Except overhead costs taken from hospital costing 

information, EPO and inpatient procedure to start l-ID treatment were not included in 

COMBO model, while in ZBCM cost of emergency department was not included. 

Even though the differences of above reasons, ZBCM was still able to use in the costing 

study at any level of setvice provided, i.e. at the unit, institution, or health care system 

levels etc .. 
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B- Home-Based 

Continuous Ambulatory- Peritoneal Dialysis Treatment 
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Background and Objective of Study 

Home based peritoneal dialysis patients are outpatients, whose information is not available 

in hospital morbidity data, neither cost information is available from hospital costing 

study. 1his study is to complement the limitations of hospital costing model, which 

focuses on inpatient costs, to give a complete picture of cost information of ESRD 

patients accepting HD and PD treatments. Being the validity of zero based model applied 

in satellite HD treatment, as opposed to hospital costing model (in the first part of the 

report), this study continually employed the similar model but for home based PD 

treatment. The costs were presented as a unit cost (cost per da:0, annualised cost per 

patient, and total cost of home based peritoneal dialysis treatment from satellite dialysis 

regiStry. 

CAPD patient information used in this part of costing study was obtained from Dialysis 

Registry Data in Satellite Dialysis Unit in Nightcliff, and expenditure data of CAPD cost 

center was taken from Hospital Financial Expenditure Data. Two-year data were included 

to estimate the average cost of each year. In hospital OOD cost center, it was assumed 

that 20% of costs were used in inpatient cares. Therefore 80% of all costs in CAPD cost 

centers were taken as the actual costs used in the following 28 CAPD patients. 

Notes to Summary Page 

In 1996/97 and 1997/98 financial years, 13 and 15 patients registered in Nightcliff Renal 

Unit as CAPD patients, with total of 6964 days of CAPD (3,390 in 96/97 and 3,574 in 

97/98). 

Personnel cost only included nurse salary and other allowance. One full time equivalent 

nurse was in charge of training and visiting of those patients. Costs of nurse 

administration, allied health worker and medical practitioners were within overhead 

cost. 

For these home base PD patients, medical staff was seldom involved in service. The 

cost of medical practitioner was neglectable. 
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Drug costs were those actual costs of prescriptions through pharmaceutical department. 

Usage rate of Erythropoietin (EPO) for CAPD patients was assumed to be the same as 

HD patients, i.e., 3 times a week The cost ofEPO =74.5':-3/7=31.9 per day. 

The annual costs of imaging and pathology were similar to those of patients with HD 

treatments. The annual imaging cost is $130, and $1,284 for pathology, which equivalent 

to $130/365 = $0.36 per day for imaging and $1284/365 = $3.5 per day for pathology 

cost. 

The peritoneal catheter insertion was a stating procedure of peritoneal dialysis 

treatment. Without this, PD was not able to perform. Five patients had this procedure 

during two-year period. Costs here were derived from Costing Study in RDH in 

1996/97 and 1997/98. 

Cost of travel and transportation included those costs that CAPD nurse staff visit PD 

patients 1-2 per year. AIMSS cost per trip for PD patients was the same as that of HD 

patients. Each year, PD patients visited specialists every three months unless other 

comorbidities needed consultation. The average cost for each day was $14.6:~4/365 = 

$0.15. 

Overhead cost for home dialysis treatment was referred from information of Home 

Dialysis Zero base Costing Study of Cairns District Health Service, i.e., 7% of total direct 

costs plus hospitalisation cost. 

Findings 

Different health agency had different perspective regarding to the cost of specific service. 

EPO was not included from perspectives of Territory Health Government as it was 

funded by Commonwealth Government. But from societal point of view, it had to be 

taken into consideration. 

The actual cost spent in home-based CAPD patients was around $0.43 million in two 

years at the unit level, $0.46m at the hospital level and $0.69m in health care costs. The 
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average cost per episode (cost per daJ? was $62 at the unit level, $66.6 at the hospital level, 

$66.75 from Territory Health Services' view, and $98.6 in health care costs. The average 

cost per day was $139 for a patient in the CAPD program in the first year, when the costs 

of the insertion of peritoneal catheter and hospital overhead costs were considered. The 

annualised health cost for a patients finishing a while year period of CAPD treatment was 

$36,000, and $51,000 if the access procedure of CAPD treatment was taken into account. 

As a matter of fact, the average of days on CAPD treatment for those 28 patients was 

only 124 days per year. Therefore the actual cost per patient per year was around $7,744 

at the unit level, $$8,300 at the hospital level, and $12,260 in health care costs .. 

Medical supplies and EPO were the two major cost items of CAPD costs. If a patient 

changes modality of dialysis treatments from time to time, such as from PD to HD or 

from HD to PD, cost of treating PD home base would be increased. 

Discussion 

Zerobase mode, as a complement method of COMBO model fitted to inpatient care 

costing study, could be used to estimate costs of outpatient, such as patients with CAPD 

at home base. 

In the study, several assumptions were made. Firstly, the temporary transfer from PD to 

HD was equivalent to that from HD to PD. Secondly, CCPD and CAPD consumed 

similar disposal material and personnel resources. Thirdly, when costs of HD and 

CAPD were compared each other, it had to be very careful as these two treatments were 

based on different settings and different cost components were included. 
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