INDIGENOUS HEALTH

INDIGENOUS HEALTH

End-stage renal disease in the Northern Territory:
current and future treatment costs
Jiqiong You, Wendy Hoy, Yuejen Zhao, Carol Beaver and Kathy Eagar

AS IN MOST PARTS of the Western
world, the incidence of end-stage renal
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an annual average increase of 7%
Indigenous
Health
between
1991 and
1998. In 1991, there
were 57 new cases per million population; by 1998, that had increased to 85
cases per million.1 Likewise, prevalence
increased by an average 6% per year
from 382 per million population in
1991 to 555 per million in 1998.
The situation in the Northern Territory (NT) is significantly worse. In
1998, the incidence was 299 and the
prevalence was 726 per million population. The reason for this is the very high
rates of ESRD in the NT’s Aboriginal
population (72% of all ESRD in the
NT). Among patients undergoing dialysis, transplant rates since 1992 in Aboriginal patients (2.2%–5.8%) were
lower than the national average (12.2%–
14.5%).1,2 NT Aboriginal patients were
also more likely to receive haemodialysis
(HD) and less likely to receive continuous ambulatory peritoneal dialysis. In
1997, only 8% of dialysis patients
received continuous ambulatory peritoneal dialysis in the NT, compared with
the national average of 28%.
Although huge costs are incurred
every year in providing renal replacement treatments for patients with renal
failure, there has been no research to
identify the actual annual cost for
patients receiving dialysis treatment in

ABSTRACT
Objective: To compare hospital costs of Aboriginal and non-Aboriginal patients
having haemodialysis treatment and forecast the future treatment cost.
Methods: The costs of patients with HD in the “Top End” of Australia’s Northern
Territory were estimated for the financial years 1996/97 and 1997/98 using a
hospital costing model. We used an Autoregression Integrated Moving Average
model to predict future demand.
Results: 165 patients (101 Aboriginal and 64 non-Aboriginal) were treated at a
total cost of $12.4 million in this two-year period. These 165 patients represented
0.7% of inpatients, 8.8% of total inpatient costs and 31.6% of total inpatient
episodes of care in the Top End region. $9.5 million (77%) was spent on routine
haemodialysis treatment and $2.9m (23%) on other hospitalisations. The average
cost per routine haemodialysis treatment over the two-year period was $527, or
$78 600 per patient treatment year. Hospitalisations for comorbidities occurred in
86% of Aboriginal and 39% of non-Aboriginal patients. Average cost per patient,
number of admissions and length of hospital stays were all significantly greater for
Aboriginals. We predict an average increase in the number of treatments of 12%
each year over the next five years and a five-year cost of $49.8m.
Conclusions: A multipronged strategy designed to reduce the prevalence and
costs of renal failure is required.
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the NT. Further, because of differences
in study populations, methods and dialysis settings (hospital, satellite or homebased treatment) in various countries,
there are no consistent international
findings on the costs of these treatments.
We examined the costs associated
with ESRD in patients receiving HD
treatments in the region of the Northern Territory known as the “Top End”
(the Darwin, Katherine and East Arnhem regions). We aimed to:

establish whether there are differences between Aboriginals and nonAboriginals receiving HD in terms of
patient demographics, comorbidities or
episodes of care and costs;
■ identify the relationship between
costs and cause of admissions;
■ develop a time-series model to forecast volumes of dialysis treatments; and
■ project future costs on the basis of
these forecasts.
■

METHODS
1.Methods
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Study population

We used patient data from the three
public hospitals in the Top End of the
NT (Royal Darwin, Katherine and
Gove) for the fiscal years 1996–97 and
1997–98. The Royal Darwin Public
Hospital and the urban dialysis unit
were the only two dialysis facilities in
the Top End in the study period. The
study population was selected based on
461
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1: Duration for which 101
Aboriginal and 64 nonAboriginal patients received
dialysis treatment

2: Comparison of hospitalisations for the 64 non-Aboriginal and 101
Aboriginal patients
Parameter

Non-Aboriginal

Aboriginal

Total
100%

80%

2 years

Total patient-years (mean)

27 (0.42)

104 (1.03)

1.5-2 years

No. (%) of admitted patients

25 (39%)

87 (86%)

1-1.5 years

Total bed-days

0.5-1 year
60%

< 0.5 year

40%

Total cost

821

3491

$500 000

$2 400 000

Crude average
No. of admissions per patient (of 165 patients)

1

4*

Bed-days per patient

13

35*

$8 229

$23 834*

Cost per patient
Adjusted average

20%

0

NonAboriginals

Aboriginals

their procedure (International classification of diseases, 9th revision, clinical modification [ICD-9-CM]3 code 39.95 —
haemodialysis) and their diagnosisrelated group (DRG-3 572 — admit for
renal dialysis).4 All hospitalisations of
patients in the study cohort were
included in the study dataset. Thus,
episodes of care for these patients
included both routine dialysis and hospitalisations that may or may not have
been related to the patient’s renal disease. In addition, monthly data on the
number of dialysis treatments from January 1995 to December 1999 were used
for the projection. There were no homebased dialysis programs in the Top End
during the study period. A seven-day
rule was applied to adjust the patientyear-at-risk (PYAR) to allow for
patients moving from one program to
another. Intervals of more than seven
days between any two treatments were
excluded from the calculation of the
PYAR.
Costing method

Episodes of care were costed from
expenditure data from the three public
hospitals for the same period. A topdown method known as cost modelling
was used to allocate costs from the
hospital general ledger to patient episodes grouped according to the DRG-3
classification. This method has been
462

No. of admissions per patient-year

3

6*

Bed-days per patient-year

29

55*

$21 295

$41 648*

Cost per patient-year
* Difference from non-Aboriginal significant at P < 0.05.

described in detail by various authors,5,6
and is widely used in Australian public
hospitals. In line with the national hospital costing study methods, 13 cost
components were included.7 These
were costs in nursing, medical, allied
health, pathology, imaging, pharmacy,
emergency, intensive care, operating
theatre, on-costs, prostheses, goods/
supplies and “other”. Capital costs and
depreciation were excluded, as the hospitals did not have accrual accounting
systems in place during the study
period.
Statistical analysis

We used Stata 6 statistical software8 to
apply a t-test for analysing the difference
in the number of admissions, length-ofstay and costs between Aboriginal and
non-Aboriginal patients. We used a
multiple regression model to establish
the relationship between cost and primary causes of admissions.9-11 Timeseries modelling was used to forecast
future demand for HD treatment. This
method has been widely used in medicine,12,13 epidemiology14,15 and health
economics,16-18 with the Autoregression
Integrated Moving Average (ARIMA)
model being shown to be useful in
predicting future values when there is a
significant random component.12,14-19 A
dialysis-specific univariate ARIMA
model was developed to project the

future demand for HD treatment.
Three steps were involved in developing
the model — identification, estimation,
and diagnostic checking (see detail in
Peter, 1990).19 The projected future
demand for dialysis treatment was converted to dollars, with a base-unit cost
of $527 per treatment, with a 2.5% per
annum adjustment for inflation.

RESULTS
1.Results

Of the 165 patients (84 male, 81
female) in the cohort, 101 (61%) were
Aboriginal (while Aboriginals comprised only 25% of the total population
of 143 000 in the Top End in 1997).
Most patients receiving dialysis were
aged between 30 and 69 years. Only 4%
were aged less than 20 years, another
4% were in the 20–29-years age group,
and a further 4% were aged 70 years or
more. The average age of patients
receiving dialysis was 48 (SE, ⫾ 14)
years, with no difference between Aboriginal (average, 47 years) and nonAboriginal (average, 49 years) patients
(P > 0.05). Nor was there any age difference between females and males
(P > 0.05).
The average duration on the dialysis
program was 0.95 (SE, ⫾ 0.77) years.
Aboriginals stayed in the HD program
significantly longer than non-Aboriginals (1.1 years v 0.4 years; P < 0.05). As
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3: Causes, length of stay and costs of hospitalisations during the two-year
period
Admissions

Days of
hospitalisation

Costs

488

4312

$2 933 917

Total
Diseases or disorders
Fluid, electrolyte and acid–base status

105 (22%)

382 (9%)

$258 424 (9%)

Respiratory

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

38 (8%)

238 (6%)

$213 910 (7%)

Dialysis-related access procedures

33 (7%)

722 (17%)

$420 996 (14%)

Cardiovascular

33 (7%)

195 (5%)

$150 107 (5%)

Septicaemia

22 (5%)

325 (8%)

$254 104 (9%)

Digestive

12 (2%)

93 (2%)

$59 115 (2%)

Skin

11 (2%)

139 (3%)

$84 565 (3%)

Endocrine, nutritional and metabolic
diseases

8 (2%)

120 (3%)

$41 196 (1%)

Hepatobiliary and pancreas

8 (2%)

122 (3%)

$28 900 (1%)

Musculoskeletal and connective tissue

7 (1%)

99 (2%)

$82 910 (3%)

Reproductive system

3 (1%)

23 (1%)

$7 913 (< 1%)

* Includes diseases such as those of the nervous system, eye, and ear, nose, mouth and throat.

shown in Box 1, 72% of non-Aboriginals stayed in the dialysis program for
less than half a year and only 3% stayed
in the program for more than two years.
Of the 18 527 episodes of care
recorded for the 165 patients, 18 039
(97.36%) were for routine haemodialysis and 488 (2.64%) for other hospitalisations. The actual number of dialysis
treatments received by the cohort was
more than 18 527, as patients continued to receive dialysis treatment during
periods of hospitalisation for other reasons. The average number of routine
haemodialysis treatments per patient in
two years was 109 (SE, ⫾ 105). Aboriginals had more routine dialysis treatments than non-Aboriginals (140 v 62;
difference, 78; 95% CI, 48–110;
P < 0.05). After adjusting for the
number of routine dialysis treatments
per PYAR, the values were 137 for
Aboriginals and 146 for non-Aboriginals (P > 0.05).
One hundred and twelve patients
(68%) accounted for all of the 488
hospitalisations for reasons other than
dialysis; 87 of these were Aboriginal
(86% of 105) and 25 were non-Aboriginal (39% of 64). These 112 patients
consumed 4312 bed-days, with an averMJA
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age length of stay per episode of 8.83
days. There was a significant difference
in the mean number of bed-days used
by the 64 non-Aboriginals and the 101
Aboriginals (13 v 35 days per patient;
P < 0.05). These data are summarised
in Box 2. After adjusting for PYAR on
this measure, differences in the number
of admissions and bed-days for nonAboriginals and Aboriginals remained
statistically significant (P < 0.05).
A total of 25 663 patients were hospitalised in the three Top End public
hospitals during the study period.
These patients received a total of
59 568 episodes of care, at a total cost
of $140.87 million. The study cohort
comprised about 0.7% of all inpatients,
but they received 31.1% of all inpatient
episodes of care (18 527), and consumed 8.8% ($12.4 million) of total
inpatient resources. Of the $12.4 million spent on the study population, $9.5
million (77%) was for routine dialysis
and $2.9 million (23%) was spent on
hospitalisations. The average cost per
routine dialysis treatment was about
$527. Aboriginals represented 61% of
all patients in the study cohort, but
consumed 79% of the total treatment
costs ($9.5 million). The average cost

per Aboriginal patient in the study
period was $73 600, compared with
$32 000 for non-Aboriginals. However,
after adjusting for PYAR, the annual
cost per patient was $71 000 for Aboriginals and $76 000 for non-Aboriginals.
Of the $2.9 million expended on hospitalisations, 87 Aboriginal patients
incurred $2.4 million and 25 non-Aboriginal patients incurred $0.5 million.
The crude average hospitalisation cost
per patient was $23 834 in Aboriginal
and $8229 in non-Aboriginal patients
(P < 0.05). This difference remained
significant after adjusting for PYAR,
with the annual hospital cost per patient
of $41 648 for Aboriginals and $21 295
for non-Aboriginals (P < 0.05).
Box 3 shows the causes, length of stay
and costs of hospitalisations over the
study period. Fluid, electrolyte and
acid–base disorders (22%), respiratory
(17%) and dialysis-related (17%) complications were the three most frequent
reasons for admission. The most beddays were attributed to dialysis-related
access procedures, dialysis-related complications and respiratory diseases
(17%, 17% and 15%, respectively), as
were the highest costs (14%, 21% and
11%, respectively).
Across the entire cohort, cost was
strongly related to respiratory and skin
diseases, septicaemia, fluid, electrolyte
and acid–base disorders and other morbidities. For Aboriginal patients, septicaemia, dialysis-related complications
and respiratory diseases were significantly related to total cost. For nonAboriginal patients, the diseases which
significantly influenced cost were
cardiovascular diseases, fluid, electrolyte and acid disorders, digestive diseases and other comorbidities.
Of the total $12.4 million consumed
by the cohort, almost a third was in
nursing costs and almost another third
in goods, supplies and services (15%)
and pharmacy (14%) costs. Relatively
higher proportions were spent in routine haemodialysis than in intercurrent
hospitalisations in nursing (33% v
23%), goods, supplies and services
(16% v 11%), allied health professionals
(6% v 4%), emergency department
resources (5% v 1%) and staff salary
oncosts (superannuation and termination payments, provision for long service leave and other payments) (12% v
8%).
463
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4: Actual data for five years and five-year forecast of number of dialysis
treatments
Actual

3000

Forecast
Haemodialysis treatments

2500

95% confidence limits

2000

1500

1000

As illustrated in Box 4, the ARIMA
model predicted that the number of
haemodialysis treatments would
increase by 19% in the first year and by
11%, 10%, 9% and 8% in the following
years, giving an average increase of 12%
per year between 2000 and 2004. This
rate of increase would result in 87 710
treatments in 2004. The cost implications for the NT are significant, with the
additional cost over five years estimated
to be $49.8 million.

DISCUSSION
1.Discussion

The study population represented 0.6%
of inpatients in the three public hospitals in the Top End, but accounted for
8.8% of total inpatient costs ($12.4
million). A one-year study at a single
medical centre in the United States
reported that end-stage renal disease
patients (25% of all inpatients) engendered 44% to 48% of total cost.20 Various reasons may contribute to the
higher proportion of costs spent in our
study population. Our Top End patients
with end-stage renal disease cost 14.7
times the average, while those in the US
study cost 1.8 times the average. This
might be the result of differences in the
methods and in the cost components
included (eg, the US study did not
document whether it included hospital
overhead costs). Another reason might
be the high proportion of Aboriginal
patients in our study population. These
464
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patients had poorer health status and
consumed more hospital resources.
There has been no similar national
study that could provide a comparison
so far. A well-designed, Australia-wide
study would be required to test these
possibilities in the Australian context.
The higher costs of hospitalisation for
Aboriginal patients can be partly
explained by their longer period in the
treatment program. One reason is that
Aboriginal patients had lower rates of
both renal transplant and continuous
ambulatory peritoneal dialysis.2 NonAboriginal patients had more treatment
options (eg, haemodialysis, peritoneal
dialysis and transplantation) and were
more likely to shift from one mode of
treatment to another. Longer periods in
the program inevitably result in more
opportunities to incur costs in both
routine haemodialysis treatments and
hospitalisations. This has significant
implications for forecasting future costs,
as treatment duration will also increase
if survival improves for people receiving
treatment for end-stage renal disease.
However, even after adjusting costs
for PYAR, hospitalisation costs are still
significantly higher for Aboriginal
patients. This is consistent with the
recognised poorer health status of Aboriginal people. Further, there might also
be social reasons for some hospitalisations and protracted length of stay,
although further study is required to
explore these issues.

Although some comorbid diseases
and complications accounted for proportionately lower costs, they had a
significant impact on total costs. For
instance, the cost of fluid, electrolyte
and acid–base disorders represented
only 9% of total hospitalisation costs,
but this was statistically significant in
the regression model. More effective
education is required on controlling
water intake and managing dialysis volume in patients with end-stage renal
disease. Cardiovascular disease is highly
related to overall costs in non-Aboriginal patients and respiratory diseases to
overall costs in Aboriginal patients.
Appropriately targeted intervention and
treatment programs for these diseases
are required to reduce hospital admissions and costs.
The univariate time-series model has
been recognised as one of the classic
models in finance and economics. A
well-constructed ARIMA model could
truly represent the historical pattern. In
general, the result of the projection
needs to be interpreted in the context of
changing interest rates and other factors
which are not reflected in the historical
data. From our model, an average
annual 12% increase in haemodialysis
treatment is expected in the next five
years. The dramatic increase in the first
year might be related to the opening of a
new dialysis unit in one remote community in 1999. It might also be the reason
for a true increase in incidence in 1999
(W H, NT ESRD Registry, unpublished data). The actual rate may need
to be adjusted to take these into consideration. Adjustments to the cost projection would also be required if homebased programs were introduced.
If our projections are correct, an extra
$50 million of services will be required
in the next five years. More investment
in primary, secondary and early tertiary
prevention will be vital if hospitalisation
costs are to be reduced. Primary care is
important in reducing the incidence of
risk factors for renal disease, such as
diabetes, essential hypertension and
skin infection. Reducing the risk factors
for renal disease is a long-term strategy
that could be achieved by community
development, health promotion and
effective early intervention. Screening
and treatment programs for at-risk populations can reduce the incidence of
MJA
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renal failure by effectively retarding the
progression of renal disease.21-25 Additionally, such programs can improve
patients’ quality of life. Various studies
have shown that, if patients with endstage renal disease are promptly referred
to nephrologists and receive adequate
dialysis treatment and treatment of
anaemia, nutritional status, blood pressure and diabetes, both initial length of
stay in hospital and morbidity can be
reduced.26-27 The higher labour costs
incurred in delivering dialysis through
institutional units suggest that homebased or community-based dialysis
might achieve great cost savings. An
ambulatory care model that is appropriate in the NT context needs to be
developed and evaluated in terms of
both costs and outcomes.
In conclusion, a multipronged strategy designed to reduce the incidence
and prevalence of end-stage renal disease, retard its progression and prevent
medical complications is required. Significant new investment in primary care
is required to achieve these goals.
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