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Abstract
Objective. Proposed Australian healthcare reforms describe a move towards partial Commonwealth funding of

public hospitals, whereby hospitals will be paid an ‘efficient price’ for each separation, incorporating both the costs and
benefits of services. This paper describes a potential approach to setting the efficient price using risk adjusted cost-
effectiveness (RAC-E) analysis.

Methods. RAC-E analysis uses a decision analytic framework to estimate lifetime costs and survival for individual
patients, which are standardised by comparing observed and expected values. Analysis of standardised costs and effects at
different hospitals identifies efficient hospitals, from which efficient prices can be defined.

Results. A RAC-E analysis of services for stroke patients at the four main public hospitals in South Australia
demonstrates the need to account for costs and benefits in identifying efficient hospitals. The hospital with the best patient
outcomes incurred additional costs relative to less effective hospitals. If an investment of AU$14 760 to gain an additional
life year in stroke patients is deemed to be a cost-effective use of resources, then the most effective hospital is also the most
efficient hospital.

Conclusions. The applied RAC-E analysis demonstrates a framework for comparing the economic efficiency of care
provided at different hospitals, which provides a basis for defining the efficient price and appropriate funding incentives to
achieve better patient outcomes.

What is known about the topic? The efficient price is a recently introduced concept used in the context of the recent
healthcare reforms produced by the Australian government. The stated objective in setting nationally efficient prices
for public hospital services is to ‘strike an appropriate balance between reasonable access, clinical safety, efficiency and
fiscal considerations’. There has been no explicit discussion to date about specific processes for estimating the efficient
price.
What does this paper add? This paper introduces risk adjusted cost-effectiveness (RAC-E) analysis as a framework for
identifying hospitals that achieve the best balance between costs and outcomes in the provision of services for specific
diagnostic groups, and hence provides the basis for estimating efficient prices.
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What are the implications for practitioners? The efficient price will determine a significant proportion of funding for
public hospitals. Practitioners need to be aware of the rationale andpotential consequences of the efficient price, and to be sure
that the method used to estimate the efficient price is robust and transparent.

Received 8 September 2010, accepted 17 March 2011, published online 9 November 2011

Introduction

In the redesigned health system currently proposed by the Com-
monwealth government and agreed in outline at the Council of
Australian Governments (COAG) meeting in April 2010,1 the
concept of an efficient price for each patient separation looms
large. It is proposed that funding for hospital care moves to an
activity basis, where funds received by local hospital networks
will be the sum of the price paid for each patient separation. As
the COAG communiqué states ‘Local Hospital Networks will be
paid on the basis of a national efficient price for each public
hospital service they provide to public patients under Local
Hospital Network Service Agreements with the States [and
Territories]’.With the re-affirmationof theseprinciples following
a further round of discussions between the Commonwealth and
State and Territory governments, it seems likely that these
reforms will proceed, and the issue of what constitutes an
‘efficient price’ for a servicewill become amatter of considerable
interest.

Australia has invested heavily in the creation of the current
Casemix system,2,3 and is continuing to do so.4 In the current
Australian healthcare Casemix system, efficiency equates to the
average cost of production of usual or current practice for
any one particular Diagnostic Related Group. In economics,
efficiency requires consideration of both the costs and benefits
of a particular process or action. As an example, if the average
costs for condition X are $5000 per separation in Hospital A,
and $7000 in Hospital B, economics requires us to consider
not only the price difference, but whether the more expensive
care results in better health outcomes for patients treated at
Hospital B, and whether the quantum of health benefit gained
is worth the extra investment? To date, architects of Casemix
systems have not attempted to introduce an independent
measure of health outcomes into the Casemix funding system.

This paper introduces the concept of risk adjusted cost-
effectiveness (RAC-E) as a framework for identifying hospitals
that achieve the best balance between costs and outcomes (health
gains) in the provision of services for specific diagnostic groups.
RAC-E provides a methodology for moving towards estimating
efficient prices, where the concept of efficiency takes investment
in better health outcomes into account.

RAC-E uses the increasing availability of linked, routinely
collected data to inform the long-term costs and benefits of
services provided at different hospitals. This paper describes
the data requirements and analytical framework for the
general RAC-E methodology, followed by a discussion of the
relevance of RAC-E as a tool for informing the efficient price.
The methodology is illustrated with reference to an applied
RAC-E analysis, which compared lifetime costs and survival
for patients admitted to the four main public hospitals
in South Australia with a diagnosis of stroke, in the year to
30 June 2006.

Data requirements

The minimum data requirement for the RAC-E method is a
dataset containing linked hospital separations data and
population mortality records. The applied stroke analysis briefly
presented here used routinely collected hospital separations data
(via the Integrated SouthAustralianActivity Collection), patient-
based separation cost data submitted to the National costing
study, and mortality data from the Register for Births, Deaths
andMarriages. Census-derived Socioeconomic Indices for Areas
variables were mapped to individual records on the basis of
recorded postcode.

Methods

There are twobroad analytical stages in theRAC-Emethodology.
The first stage involves the estimation of long-term costs and
outcomes for each separated patientwith the diagnosis of interest.
Adecisionanalytic framework isused,whereby lifetimecosts and
survival are extrapolated from a set of observed intermediate
endpoints.

Fig. 1 describes the analytical framework in the form of
a decision tree. On the right-hand side of the tree, observed
intermediate endpoints (hospital admission for a non-fatal recur-
rent stroke event, hospital admission for a non-fatal major cardiac
diagnosis, or no related event), or death with no prior event, over
a 2-year observation period from the time of the index stroke
event are defined for individual patients. Regression models
were fitted to separate datasets created for each intermediate
endpoint to predict long-term survival and associated costs for
each patient, controlling for the effects of patient (e.g. age, sex,
co-morbidities, socioeconomic status) and disease (e.g. stroke
severity) characteristics.

The resulting estimates of lifetime costs and survival for
all patients were then standardised by fitting regression models
that predicted expected values of these parameters for all
patients, and subtracting the expected values from the observed
values. Summing standardised costs and survival across
hospital populations of eligible patients informs mean estimates,
which can be analysed to estimate the incremental cost-effec-
tiveness of services provided for stroke patients at different
hospitals.

Differences in the ‘observed minus expected’ cost and sur-
vival estimates between hospitals can be interpreted as risk-
adjusted differences in costs and survival: if costs incurred by
patients at Hospital A are $300 more than expected, whereas
costs incurred by patients at Hospital B are $200 less than
expected, then the risk-adjusted difference in per patient costs
between Hospitals A and B is $500. By also examining the risk-
adjusted survival estimates of both hospitals, the extent to
which the cost differences represent investments in better out-
comes can be examined.
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A comprehensive sensitivity analysis involved a multistage
bootstrapping (sampling with replacement) approach, which
generates distributions of the observed minus expected costs and
survival estimates across the four hospitals. These data inform
confidence intervals around the cost-effectiveness results and
cost-effectiveness acceptability curves.5 In the RAC-E context,
acceptability curves present the probabilities that each hospital is
the efficient hospital at differentmonetary thresholds. The thresh-
olds represent the monetary value associated with additional
survival.

Results

Table 1 presents the mean results for the stroke analyses. The
hospitals are ordered in increasing magnitude of standardised
effects (e.g. Hospital 4 is the most effective hospital). The
standardised long-term costs of care for patients treated at Hos-
pitals 1 and 2 are greater than those incurred by patients treated at
Hospitals 3 and 4. Moreover, these hospitals also produce lower
standardised health gains than the other two hospitals. By what-
ever criteria of efficiency is chosen, Hospitals 1 and 2 are clearly
the most inefficient of the four hospitals.

Patients treated at Hospital 3 incurred costs well below the
expected cost, and gainedmore life years than would be expected
if treatment effect was the same across all hospitals. Costs of care
at Hospital 4 are also higher than would be expected for the
casemix of patients treated, but this hospital produces the largest
standardised health gains.On average, patients treated atHospital
4 gain an additional 0.199 life years relative to patients treated
at Hospital 3.

The identification of the most efficient of Hospitals 3 and 4
dependsonhowefficiency is defined.Theadditional cost required
to gain an additional life year by treating a patient at the more
effective, but more costly Hospital 4, compared with Hospital 3
is $14 760. So, if $14 760 to gain an additional life year in
stroke patients is deemed to be a cost-effective use of resources,
Hospital 4 seems to be the most efficient hospital, otherwise
Hospital 3 is more efficient.

Fig. 2 presents the cost-effectiveness acceptability curves
for the stroke RAC-E analysis, which considers Hospitals 3 and

Fig. 1. Decision modelling framework.

Table 1. Mean results of the stroke RAC-E analysis

Standardised costs
and effects (observed –

expected)

Cost-effectiveness status

Lifetime costs Life years

Hospital 1 $337 –0.311 Higher costs and lower
effects compared with
Hospitals 3 and 4 (these
hospitals are dominated)

Hospital 2 $445 –0.035
Hospital 3 –$2617 0.051 Comparator hospital

(least effective non-dominated
hospital)

Hospital 4 $320 0.250 Gains additional life years
at a cost of $14 760 per life year
compared with Hospital 3A

AEstimated as the difference in costs (320 – (–2617)) = 2937, divided by the
difference in effects (0.25 – 0.051) = 0.199.

The efficient price: an opportunity for funding reform Australian Health Review 503



4. If we are willing to invest $50 000 to gain an additional year
of life in stroke patients, then there is a 70% probability that
Hospital 4 is the efficient hospital.

Discussion

The currentCasemix system (AR-DRG10) canbe considered as a
language system whose terms bring together diagnostic and
resource utilisation elements. Likes its predecessors, the AR-
DRG 10 aggregates related clinical conditions into purportedly
iso-resource groups (Diagnostic Related Groups). That is, clin-
ically meaningful groups of conditions or procedures whose
resource utilisation is approximately similar. National and State
and Territory costing studies identify the costs of providing care
for each DRG group across hospitals.

A pricing authority could use some function of the observed
costs of providing services (e.g. the average) as the basis of
an efficient price. Hospitals that provide care at or below that
pricewill be deemed efficient, hospitals that exceed that pricewill
be deemed inefficient. Inefficient hospitals have an incentive to
reducecosts because theyare receiving fewer fundsper separation
than they are spending.

This is essentially how the current Casemix system operates.
The underlying assumption is that when a clinical innovation
occurs that improves clinical outcomes (or not, as the case may
be), the Casemix system will self correct. Annual costing studies
will identify changes to costs of care, which will then be appro-
priately reflected in an adjusted casemix price.

There are two key problems with this system. First, in cases
where clinical innovation is more costly, but is also cost-effective
(i.e. the additional benefits are worth the investment of
additional cost), there are perverse incentives regarding the
uptake the new technologies. Early adopters receive funds
based on the costs of providing the old model of care, which are
unlikely to cover the costs of providing the new formof care.Over
the longer term increased costs will only be met if there is
widespread adoption of the new model of care. However, hospi-
tals that previously produced care at above average cost will
become less ‘inefficient’ (where efficiency is defined only with
respect to costs) as the early adopters push the reimbursement

level up. Under a definition of efficiency that accounts for costs
and benefits, the non-early adopters are likely becoming more
inefficient because the early adopters are improving outcomes at
a cost-effective rate.

Using RAC-E to define the efficient price(s)

The restricted nature of the Casemix system has been recognised
in the government report that preceded the COAG negotiation,6

which states that ‘[i]n setting the nationally efficient price [for
every public hospital service], the umpire will be required to
strike an appropriate balance between reasonable access, clinical
safety, efficiency and fiscal considerations’ [p. 70]. RAC-E
provides the basis of an approach that could account for all four
of these factors. Using a decision analytic framework, RAC-E
facilitates the identification of all important differences in costs
(fiscal considerations) and benefits between hospitals,7 while
controlling for relevant differences in the characteristics of the
patients treated at different hospitals. The benefits side of the
equation captures differences in outcome, including safety
effects (e.g. adverse events) and the effectiveness of treatment.

Before discussing how reasonable or equitable access might
be addressed, it is useful to consider how the RAC-E outputs
might be analysed to estimate the efficient price. Given estimates
of standardised costs and benefits at each included hospital, a
crude approach would be to list the hospitals in increasing order
of standardised effectiveness, exclude dominated hospitals, and
estimate the incremental cost-effectiveness ratio (ICER) between
each hospital (as represented in Table 1). Given a threshold
monetary value for the measure of effect,A the efficient hospital
is defined as the hospital with the largest ICER that is closest to
the threshold value. The efficient price is then estimated as the
cost of providing services at the efficient hospital.

Several issues arise that preclude the application of this crude
approach. First, there may be unmodifiable determinants of
inefficiency, which are factors that affect hospitals’ ability to
provide services at the crude efficient price that are beyond their
control. Such determinants may be defined at a hospital level or a
patient level. Second, there will likely be significant uncertainty
around the identification of a single efficient hospital.

Potential hospital-level unmodifiable determinants of ineffi-
ciency include variables such as hospital size, teaching status,
geographical location, etc. Such variables would need to be
included as covariates in the estimation of RAC-E, which would
hence identify significant and important unmodifiable hospital-
level determinants of inefficiency. Separate efficient prices could
be specified for different categories of hospital, as defined by
significant determinants of inefficiency.

Coming back to the handling of equitable access via the
setting of the efficient price, the identification of unmodifiable
hospital-level determinants of inefficiency provides an explicit
process for incorporating equity into the process. Such factors
may lead to the specification of a higher (secondary) efficient
price for hospitals that are unable to achieve the primary
efficient price, which may be viewed as the ‘equity premium’
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Fig. 2. Cost-effectiveness acceptability curves for Hospitals 3 and 4.

AThe derivation of the monetary threshold value is an important, but complex issue that is beyond the scope of this paper. See Sendi et al. for a good
summary of the issues.8
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(i.e. the additional amountwearewilling topay inorder to achieve
an equitable allocation of resources). If the equity premium is
judged to be too high, then this may lead to a rationalisation of
service delivery, whereby the provision of certain services is
restricted to centres that are able to achieve the primary efficient
price.

Patient-level factors are important if alternative pathways of
care are efficient for different patient groups within the overall
diagnostic group being assessed (e.g. stroke). The current Case-
mix system defines separate DRGs on the basis of age or the
presence of general complications or co-morbidities. Reported
RAC-E analyses have tested the significance of age, sex and
disease severity (as defined by the presence of general complica-
tions or co-morbidities), as well as socioeconomic status and
more specific measures of co-morbidity (e.g. presence of diabe-
tes, renal impairment, dementia, etc.). However, it is not practi-
cable to define efficient prices for a wide range of alternative
patient groups (e.g. men, aged 50 to 60 years, with diabetes
and dementia, etc.). One option is to combine the handling of
patient-level factors with the handling of uncertainty. This
involves analysis of separation costs at a subset of efficient
hospitals in order to quantify the effect of patient-level factors
on the costs of providing efficient hospital services.

One approach to identifying an efficient set of hospitals
would be to compare all hospitals to the base case efficient
hospital. Hospitals would be included in the efficient set if the
upper 95% confidence limit of the incremental net benefits
between the hospital of interest and the base case efficient
hospital was positive, i.e. there was a significant probability that
the hospital of interest was more efficient than the base case
efficient hospital.B

Having identified an efficient set of hospitals, regression
analyses can be undertaken to predict separation costs as a
function of patient-level factors. The resulting model predictions
can be used as estimates of the efficient price for different
combinations of patient-level factors.

Helping inefficient hospitals become efficient

An alternative approach to defining the efficient price might be to
define a literature-driven care pathway for different diagnoses, to
which resource requirements and associated unit costs are at-
tached. Similar to the process used to develop clinical guidelines.
However, clinical guidelines, at best, reflect the cost-effective-
ness of individual components of the defined pathway, usually
based on studies conducted under controlled conditions (e.g.
clinical trials).

An advantage of using RAC-E to identify efficient hospitals
is that it provides an empirical basis for defining efficient
practice. The empirical approach reflects the translation of evi-
dence into practice, representing the cost-effectiveness of the full
care pathway. It is the case that RAC-E reflects relative, rather
than absolute efficiency, but given an eligible population of over
700 public acute hospitals it is likely that there is significant

potential to improve efficiency via the dissemination of best
practice.

Empirical analyses of comparative performance, whether
publicly stated or not, should also provide a stronger incentive
to act than a theory driven approach. In particular, because the
guidelines approach provides no basis for the comparison of
outcomes, it provides no incentives for inefficient hospitals that
are less effective, but also less costly, to invest in order to improve
outcomes.

Inefficient hospitals should be supported in their attempts to
improve their performance, and so a corollary toRAC-E is further
analysis and investigation of modifiable determinants of
inefficiency.

Conclusion

The debate over what constitutes an efficient price for the
healthcare activity of a national hospital network has only just
begun. The task for the Government (via the National Pricing
Authority) is to identify opportunities to use the pricing system to
encourage hospitals to invest in healthcare that delivers better
outcomes, and to avoid allowing a pricing system to simply
maintain the status quo and deter innovation. Hard work, but
not impossible work, and work that builds on the substantial
investment Australia has already made in the development of its
Casemix system, and the availability of a National hospital
morbidity data collection and the National costing studies.
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