
This contribution has two aims.The pri-
mary aim is to develop a risk-adjustment
system for the casemix (diagnosis-related
group, DRG) funding arrangements in
Victoria, Australia, to enable funding to
more adequately reflect patient severity
for conditions relating to State-wide re-
ferral services. We discuss how the latest
international developments in risk-ad-
justment methodologies in health financ-
ing are enabling the reform of casemix
funding by improving equity in funding
negotiation outcomes between hospital
and State governments.A secondary aim
is to identify how new risk-adjustment
classification systems and methodologies
can facilitate State and Federal govern-
ment reform via new population based
funding models that measure health need
between and within States. The first sec-
tion discusses the Australian health care
system and reform context.An important
element is casemix (DRG) funding issues
and related price issues for base payments
per case and the DRG price relativities.
The averaging principle inherent in DRG
cost weights has resulted in some high-
intensity DRG weights being too low for a
teaching hospital that is a key State-wide
referral service for trauma, cystic fibro-
sis, heart and lung transplantation and
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chronic heart failure. The second section
outlines the costing allocation and regres-
sion methodology.We provide the results
of efficiency benchmarking,DRG deficits
and econometric methodologies used to
develop the risk-adjusted specified grants
(RASG) in the subsequent section. The
conceptual framework for their calcula-
tion involving adjustments to the stan-
dard casemix funding formula,Consumer

Price Index (CPI) and technology change
is explored along with the deliberations
of a State-wide government-industry com-
mittee which has been established to de-
velop risk-adjustment initiatives State-
wide. Recent developments in Germany
using the Australian AR-DRG classifica-
tion system and the implications of the
current work is explored.A Risk-Adjust-
ed Capitation Funding Model (RACFM)
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Glossary

Bed-day gap is a measure used by the HRT. It is a measure of the inlier days beyond the 75th percentile

plus the outlier days beyond the outlier trim point. It therefore measures the potential efficiencies

that could be obtained if all stays were reduced to the 75th percentile LOS.

Relative stay index is the casemix adjusted LOS. Casemix adjustment is achieved by comparing each

hospital’s number of bed-days with an expected number of bed-days using the Health Round Table in

the prior year as the benchmark.

White heteroskedasticity test examines whether the error variance is affected by any of the regressors,

their squares or their cross-products. It tests whether any heteroskedasticity that is present causes

the variance-covariance matrix of the ordinary least squares estimator to differ from its usual formula

[25].The output from the test is an F statistic and a statistic that has an asymptotic χ2 distribution

with a number of degrees of freedom equal to the number of regressors and squared regressors in

the test regression. Each statistic provides a test of the hypotheses that the coefficients of the vari-

ables in the augmented regression are all zero.This is a general test for model misspecification since

the null hypothesis underlying the test assumes that the errors are both homoskedastic and inde-

pendent of the regression, and that the linear specification of the model is correct. Failure on any of

these conditions could lead to a significant test statistic. Conversely, a non-significant test statistic is

very reassuring since it implies that none of the three conditions is violated [28].
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for chronic disease as a complementary
modification to casemix funding is dis-
cussed. The model is a significant depar-
ture from the way in which Health Main-
tenance Organizations (HMOs) current-
ly operate in the United States and repre-
sents an ‘equity model’ designed for Aus-
tralia to ensure that Medicare aims are
met. Developments in the United States
regarding risk-adjusted capitation classi-
fication models involving Diagnostic Cost
Groups (DCGs) are then considered for
population-based funding models for
State and national reforms.

Australian health care system

Reform context

The Australian health care system involves
a federal structure of government,includ-
ing Commonwealth (national), State and
Local tiers. There is a dominant role of
private practitioners providing care main-
ly on a fee-for-service basis but with gov-
ernments increasingly influencing health
service structures through financing ar-
rangements. Australia has universal ac-
cess to quality medical care via Common-
wealth-State funding for Medicare and
substantial private funding, especially
through private health insurance,regulat-
ed and supported by the Federal govern-
ment to ensure that the system offers some
choice, especially for hospital care [34].
Under the National Health Act of 1953 pri-
vate health insurance covers services not
funded under the Medicare programme.
Such insurance buys access to private hos-
pitals and choice of medical specialists in
private and public hospitals along with
ancillary services such as physical thera-
py and dentistry. During 1995 the federal
government passed legislation allowing
health insurance plans to contract selec-
tively with physicians and hospitals [48].

The Federal government funds univer-
sal benefit schemes for private medical
services via the Medical Benefits Schedule
and pharmaceuticals via the Pharmaceu-
tical Benefits Scheme. State and Territo-
ry governments have the major responsi-
bility for the financing and public provi-
sion of health services, including public
and psychiatric hospitals under the Medi-
care, now called Australian Health Care
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Agreements (AHCA) between Federal and
State governments.Australia’s health care
system is complex, loosely organized and
technically sophisticated.High standards
of medical care prevail. Demand-side
measures include the introduction of co-
payments by consumers for gaps not cov-
ered by the government subsidy for health
care. Various supply side approaches to
containing government outlays include
limiting the range of items attracting sub-
sidies under the Medical Benefits Sched-
ule and Pharmaceutical Benefits Scheme,
encouraging best practice and budgeting
a fixed amount for each person (capita-
tion) as is undertaken by HMOs in the
United States and by the United Kingdom
[34]. The Federal government has analy-
sed income and expenditure components
of the coordinated care trials to assess the
expenditure level required to sustain
them.It is also considering alternatives to
the economic benchmark for the pro-
posed fund pool [24],which was original-
ly determined from historic use,not health
need or risk [33].Governments have pro-
moted competition,emphasized evidence-
based medicine, separate purchasers,
providers and regulatory functions, pri-
mary care and prevention and better sys-
tems integration [34].Advances in risk ad-
justment are currently being explored as
a key mechanism to aid funding reform
in Australia at all levels of government
from Federal through to initiatives at the
State government and health service lev-
el. An important element of health care
reform in Victoria, one of Australia’s
largest States, is casemix funding issues
impacting on major teaching hospitals.

Casemix funding arrangements 
in Victoria

Since 1 July 1993,Victorian public hospitals
have been funded on their casemix,which
was initially limited to in-patient services.
It has since been extended to include sub-
acute and non-in-patient services [5, 31].
The casemix funding formula is updated
annually. Hospital separations are coded
using the International Classification of
Diseases, tenth revision. In-patient sepa-
rations are allocated to DRGs for funding
using a modified form of AR-DRG ver-
sion 4.1, the VIC-DRG4 [31]. Victorian

modifications are only slight and involve
changes to grouping criteria for only a few
AR-DRGs. Initially, Victorian in-patient
casemix funding was based on a variable
and fixed model.Since 2000–2001 casemix
payments are presented in a single pay-
ment rate with allowances for rural areas
and differential claw-backs for different
levels of under performance.The payment
unit is the weighted inlier equivalent sep-
aration (WIES). Most separations are
classed as ‘inliers’, meaning that their
length of stay (LOS) falls between lower
and upper trim points. ‘Outlier’ separa-
tions, with LOS falling outside the lower
and upper trim points,are converted into
inlier equivalents. The cost weights and
LOS trim points are updated annually,
which then alters the WIES value for a giv-
en LOS in a particular DRG [31].

The WIES value for a separation is de-
rived by converting each separation into
an ‘inlier equivalent’and multiplying that
by a cost weight. The cost weight is also
multiplied by the standard (WIES) pay-
ment per inlier equivalent and the pay-
ment of the separation is claimed from
the Department of Human Services
(DHS).The additional payment per diem
for a high outlier in a specific DRG is based
on the cost weight applicable for that year,
excluding the costs of operating theatres
and prostheses. An outlier is converted
into an inlier equivalent by adding a per
diem payment for high outlier days (i.e.
those above the boundary point) to the
inlier payment.The per diem payment for
the high outlier is further adjusted by 0.7
for surgical and 0.8 for medical DRGs. A
final adjustment for high outlier weight
payments may be made to distinguish ru-
ral and urban hospitals [47].

During 2001–2002 hospital in-patient
funding was capped by setting WIES tar-
gets. Each hospital was allocated a quan-
tum of WIES known as target A.The hos-
pital received full funding for in-patient
activity up to the levels of target A and
funding at a marginal rate up to WIES tar-
get B. Target B was set at 5% of the total
WIES allocation for metropolitan hospi-
tals and 3% for rural hospitals [31]. Re-
cently, during 2002–2003, target calcula-
tion was revised so that there are now no
separate targets A and B. WIES targets
were paid at the standard rate of $2,515.
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Abstract

Hospitals throughout the world using funding

based on diagnosis-related groups (DRG) have

incurred substantial budgetary deficits, despite

high efficiency.We identify the limitations of DRG

funding that lack risk (severity) adjustment for

State-wide referral services.Methods to risk ad-

just DRGs are instructive.The average price in

casemix funding in the Australian State of Victo-

ria is policy based, not benchmarked.Average

cost weights are too low for high-complexity

DRGs relating to State-wide referral services such

as heart and lung transplantation and trauma.

Risk-adjusted specified grants (RASG) are re-

quired for five high-complexity respiratory, cardi-

ology and stroke DRGs incurring annual deficits

of $3.6 million due to high casemix complexity

and government under-funding despite high ef-

ficiency.Five stepwise linear regressions for each

DRG excluded non-significant variables and

assessed heteroskedasticity and multicollinearli-

ty.Cost per patient was the dependent variable.

Significant independent variables were age,

length-of-stay outliers, number of disease types,

diagnoses, procedures and emergency status.

Diagnosis and procedure severity markers were

identified.The methodology and the work of the

State-wide Risk Adjustment Working Group can

facilitate risk adjustment of DRGs State-wide and

for Treasury negotiations for expenditure growth.

The Alfred Hospital previously negotiated RASG

of $14 million over 5 years for three trauma and

chronic DRGs.Some chronic diseases require risk-

adjusted capitation funding models for Aus-

tralian Health Maintenance Organizations as an

alternative to casemix funding.The use of Diag-

nostic Cost Groups can facilitate State and Feder-

al government reform via new population-based

risk adjusted funding models that measure

health need.
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The public WIES rate varies in accordance
with the size and nature of the provider
between $2,515 and $2,788.The latter rate
relates to the rurally adjusted rate for
smaller hospitals [47].

Other features of in-patient casemix
funding include adjustments for mechan-
ical ventilation, Aboriginal and Torres
Strait Islander (ATSI) patients; new tech-
nologies and specified grant payments for
services that are highly specialized and
not easily funded on a casemix basis.Dur-
ing 2002–2003 several co-payment adjust-
ments were incorporated into WIES calcu-
lations.The formula for calculating WIES
during 2002–2003 was:

WIES10=base_WIES +mv_copay
+th_copay +AAA_copay +ASD_copay
+colonocopay +ATSI_WIES
where: base_WIES=determined by

DRG,LOS and related category (same day,
one day or multiday), inlier equivalence
(inlier, low outlier or high outlier) and
number of mechanical ventilation days;
mv_copay=mechanical ventilation co-
payment; th_copay=thalessaemia co-pay-
ment for code D56.x or D57.2; AAA_co-
pay=stent co-payment: endoluminal re-
pair of an aortic aneurysm (AAA stent);
ASD_copay=payment for use of an atrial
septal defect (ASD) closure device; colon-
copay=colonscope co-payment: gastros-
copy patients also receiving colonoscopy;
ATSI_WIES=Aboriginal and Torres Strait
Islander loading [47].

Victorian government hospital fund-
ing policy also embraces non-admitted
patients, sub-acute and non-acute care,
purchasing arrangements with the pri-
vate sector, teaching,research and capital
funding, performance bonuses and cod-
ing audits [31].The Victorian government
is examining alternative funding models,
consistent with integrated and coordinat-
ed care to develop a comprehensive pur-
chasing model [46].A risk-adjusted cap-
itation funding model has been developed
for cystic fibrosis patients treated by an
Australian HMO to facilitate greater effi-
ciency and equity in Victoria’s health
system [1, 3]. The integration of cost-ef-
fective best practice evidence into clini-
cal practice guidelines and protocols for
conditions such as cystic fibrosis further
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reinforces the move towards greater effi-
ciency [8, 9] and can facilitate cost-effec-
tiveness when used with the capitation
funding model.

Price issues: base payments per case
and AR-DRG price relativities

If casemix policy is to maintain credibil-
ity, the funding arrangements must re-
spond to changes in the cost structure of
hospitals and meet increases in demand
[2].The Prospective Payment Assessment
Commission in the United States advises
on ‘update factors’ to incorporate chang-
es in inflation and technology [14]. The
Victorian DHS has forecast State level hos-
pital expenditure, providing important
input into funding negotiations with the
State Treasury about State-wide hospital
funding [2]. One of these models devel-
oped by Antioch et al. [7] for the Acute
Health Division of DHS found that Victo-
rian State Gross Product, population un-
der 4 years, mix of public and private pa-
tients in public hospitals, introduction of
casemix funding and funding cuts,State-
wide proportion of public beds to total
beds and technology significantly impact-
ed on expenditure. These results, along
with projections of population and Con-
sumer Price Index (CPI), were used by
DHS to forecast Victorian hospital expen-
diture for 1997–1998 to 2000–2001. They
were also used for internal budget alloca-
tion within DHS [7].

Duckett [14] emphasizes that a critical
element is the level of the absolute dollar
amount that is paid for the average cost.
For a system of case payment to be ac-
ceptable to a hospital this base amount
must be accepted as being set at an appro-
priate, achievable standard. As casemix
funding was introduced in Victoria in the
context of severe budget restrictions,with
subsequent reductions, this aspect of
casemix funding requires careful moni-
toring.Although the price relativities for
casemix funding (the weights) are set us-
ing data for Victorian hospitals, the actu-
al base payment per case is essentially de-
termined on a normative or policy basis
rather than benchmarking.There is a risk
that the price may not be set at an achiev-
able level consistent with quality standards
[14].Threat of malpractice,physician prac-
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tice patterns and patient expectations con-
strain the elasticity of supply in the short
run [20].How quickly this inertia is over-
come depends in part on the strength of
the control structures of the health care
system and the size of the budget cuts [14].

The averaging principle inherent in
cost weights in Victoria has resulted in
some Australian DRG weights being too
low for The Alfred Hospital, which is a
State-wide provider of services for trauma,
cystic fibrosis, heart and lung transplan-
tation and chronic heart failure.Such high
complexity patients can be treated under
Australian DRGs for conditions relating
to these services, with procedure and di-
agnosis severity markers rendering the
patients more costly to treat relative to
other hospitals’patients in the same DRG.
This results in inappropriate underfund-
ing from the State government,which can
be addressed by RASG.Antioch and Walsh
[2] highlighted the case for high severi-
ty/complexity flow-on effect for State-wide
referral services for trauma,impacting on
AN-DRG 23 (craniotomy with complica-
tions and co-morbidities) and AN-DRG 3
(tracheostomy except for mouth, larynx
or pharynx disorders with age over
15 years).The Alfred Hospital had success-
fully negotiated RASG totalling around
$14 million since 1998–1999 for these
DRGs and also cystic fibrosis (AN-DRG
173) [2, 3].

For casemix payments to be acceptable
the average price and cost weights must
be set at an appropriate standard; other-
wise inappropriate under-funding in the
face of cost effective service provision can
reduce distributional justice.The general
pursuit by economic rationalists of effi-
ciency as the only ‘policy’ relevant value
and the consequential neglect of altruism
and other moral behaviours is a short-
sighted strategy with long-term negative
consequences [23]. From the perspective
of a large teaching hospital the pursuit of
equity in addition to efficiency would in-
volve the principle of a fair price that
would cover the costs of the efficient
provider plus allow ‘normal profit’. It
would also enable a sustainable provider
industry, avoid the need for cross-subsi-
dization between hospital services and
avoid the need for additional specified
grants [2]. The DRG formula attempts to

include adjustments for complexity, age,
sex and outliers.However,the underfund-
ing that has occurred can potentially im-
pact on quality of care. If a hospital’s key
aim is to maintain the highest quality of
care, RASG may be the best solution.

The need to craft a payment mecha-
nism for hospitals that provides for the le-
gitimate operating needs of efficient in-
stitutions is an enduring health policy
dilemma also facing the United States [12,
27]. Problems have emerged with the
prospective payment system used by
Medicare and other US payers which have
been criticized for not adjusting for dif-
ferences in severity within DRGs. Many
studies have examined the relationship
between profitability and illness severity
at the hospital level (for review see [12]).
Carpenter et al. [12] found that two mea-
sures of severity, i.e. the number of unre-
lated diseases and disease stage, are sig-
nificant predictors of cost per case and of-
ten have better predictive power than
DRGs.In the majority of instances payers
did not compensate adequately for sever-
ity,and higher values for the severity vari-
able therefore resulted in financial losses
for the hospital. We turn now to the case
developed for high complexity respirato-
ry,cardiology and stroke DRGs related to
State-wide referral services.

Risk-adjusted specified grants:
high-complexity DRGs

Methodology

Selection of deficit DRGs and links 
to State-wide referral services
An analysis of all DRGs across the hospi-
tal during 1999–2000 and 2000–2001 was
undertaken to determine the entity prof-
it/loss.This incorporated all costs incurred
and revenue from WIES-funded activity
and allocation of all fixed, variable, spec-
ified and Traffic Accident Commission
(TAC) grants.Rationale for “DRG choice”
is the substantial deficit in the earlier
benchmarking/cost weight year and the
subsequent year, inadequate compensa-
tion through 2001–2002 casemix formu-
la changes,with links to State-wide refer-
ral services of transplantation, heart fail-
ure and trauma.Five DRGs were selected
relating to respiratory, cardiology and

stroke, with total deficits of $3.6 million.
Two significant trauma (orthopaedic)
DRGs were also identified at a total defi-
cit of $0.7 million; and are beyond the
scope of the current contribution.

Cost allocation methodology
The general method of cost allocation to
derive the cost bucket data was developed
by the Health Round Table (HRT), Aus-
tralian and New Zealand Chapters,involv-
ing over 20 major teaching hospitals. For
The Alfred Hospital, full costs were at-
tributed to in-patient care,and no reduc-
tion was made for reimbursement of
teaching and hospital costs.The overhead
costs are support services attributed to a
patient care service where there is no di-
rect charging by the support units.These
include hospital management, finance,
human resources, sterile services, infor-
mation technology,engineering,building
services, cleaning, fuel, light and power.
Direct costs include all costs of perform-
ing the service and managing the service,
such as department heads and adminis-
trative staff.There is provision for depre-
ciation to be included as a separate buck-
et,but it is not used by many hospitals, in-
cluding The Alfred Hospital. Capital
charges,buildings and interest costs were
also excluded. Superannuation, workers’
compensation and other on-costs were in-
cluded within buckets. Costs per patient
were included in the cost buckets outlined
in ⊡ Table 1, which were split into direct
and overhead costs. The costs for 13 cost
buckets were summed to derive a total
bucket calculation. The cost allocation
method specifying components of cost
buckets and application of resource in-
tensity weighting factors to total operating
costs in the general ledger for each ser-
vice is outlined in ⊡ Table 1.

Design: multiple regression analyses
for risk adjustment
An excellent overview of methodological
issues relating to risk adjusted funding for
competitive health plans such as HMOs
is provided by Van de Ven and Ellis [45]
and have guided developmental work re-
lating to Australian HMOs [1, 3]. Van de
Ven and Ellis’ [45] presentation of econo-
metric techniques and statistical design
for risk adjustment is relevant to the cur-
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Table 1

Cost allocation method

Cost bucket components Resource intensity weighting

Allied health: allied health staff providing in-patient care Minutes of care

and associated consumables and supplies

Operating room management: theatre staff, Minutes of care

infusion/bypass and operation consumables

Specialized procedural services: procedure area staff, Weighted procedure treatment types;

consumables for operations used in day surgery, hyperbaric, fractional bed-days

cardiac catheter laboratories, endoscopy, lithotripsy,

radiotherapy sleep laboratories

Anaethetics: Supply and staffing costs. Theatre minutes

Implantable prostheses: artificial joints and limbs, Weighted prosthetic items,

pacemakers and hearing aids purchase costs

High-dependency costs: coronary care unit, high-dependency Length of stay in intensive care unit 

unit and intensive care unit services and coronary care unit

Ward: nurses and other ward staff, ward consumables Length of stay in ward

and high dependency services

Imaging: medical, scientific, nursing, administrative staff, Weighted procedure type

and supplies involved in providing this in-patient service

Pathology: as above Weighted pathology type

Pharmacy: as above Stock price of prescription drugs–

Imprest pharmacy: ward bed-days

Medical and surgical services: medical, surgical consultants, Bed-days

visiting staff, registrars, resident medical officers and 

associated staff, supplies and consumables

Emergency: medical, nursing, administrative and other staff Triage category minutes

assigned to the emergency department, consumables and 

observation ward costs in the emergency department

Other services: other staff involved in patient care where the Bed-days (foodservices); admissions,

hospital assigns catering, housekeeping, admissions, discharges, appointments

medical records and in-patient related portering

rent work and was also applied by Antioch
and Walsh [2] to successfully develop high
complexity RASG for trauma and cystic
fibrosis AN-DRGs. The RASG are deter-
mined by minimizing the prediction error
of hospital expenditure. Shen and Ellis
[44] identify three functional forms com-
monly applied to predict health care ex-
penditure. The simplest is a linear model
estimated by ordinary least squares re-
gression analysis.

Other functional forms deal with
health expenditure skewness: non-linear
(e.g. log) transformations of dependent
variables [30], and two-part models of
health spending by Duan et al. [13]. Shen
and Ellis [44] emphasize that both non-
linear approaches lead to biased estima-
tion under heteroskedasticity [32] and
Manning [29]. As sample size becomes

large, the simple linear model may per-
form as well as the other two (Ellis and
Azzone,unpublished, 1998).Linear mod-
els are close to the cell based approach
used in practice to calculate average ex-
penditure per risk group. Shen and Ellis
[44] used linear model and the ordinary
least squares regression for their large
sample sizes. Ellis and Azzone (unpub-
lished, 1998) also prefer simple linear re-
gression models, and most risk adjust-
ment models have used them and adjust-
ed for heteroskedasticity using the Hu-
ber-White formula [45]. In the current
study linear regression was used,and het-
eroskedasticity was adjusted using the
White formula [25, 28].

Five separate multiple regression anal-
yses were undertaken for AR-DRGs F42A
(circulatory disorders without acute myo-

cardial infarction (AMI) with invasive pro-
cedures complicating diagnosis/proce-
dures), F42B (circulatory disorder with-
out AMI with invasive procedures with-
out complicating diagnosis/procedures),
B70A (stroke with severe or complicating
diagnosis/procedures), E62A (respirato-
ry infections/inflammation with catas-
trophic complications and comorbidities),
E65A (chronic obstructive airways disease
with catastrophic/severe complications
and comorbidities). Cost per patient was
the dependent variable.Independent vari-
ables for the five multiple regressions were
sex, age, emergency, LOS outlier, number
of diagnoses,procedures and disease types
(body systems) and complexity.Step-wise
linear regression excluded nonsignificant
variables. Data were assessed for het-
eroskedasticity, multicollinearlity, struc-
ture stability and functional form. The
equations generally took the following
form, which are defined in ⊡ Table 2:
CostPP= β0 +β1(Age) +β2(Emergency)
+β3(Outlier) +β4(Complexity) +β5(Diag-
noses) +β6(Procedures) +β7(Sex) +β8

(Disease types) +e.
The costing data used in the study, in-

cluding cost per patient and the indepen-
dent variables to assess cost drivers, was
based on Health Round Table (HRT) data
(see Tables 1,2).The HRT data for The Al-
fred Hospital is based on costing data rou-
tinely provided by the hospitals to the Vic-
torian Department of Human Services for
its annual cost weight study.

The measure for the complexity vari-
able involves the Patient Clinical Com-
plexity Level (PCCL) which is used for
grouping AR-DRGs in Australia.It is based
on the cumulative effect of a patient’s com-
plications and comorbidities and is cal-
culated for each episode. The complexity
variable was excluded from the specifica-
tion for DRG E62A as all patients were
high-complexity cases. The emergency
variable was excluded from DRG B70A
specification as virtually all were coded
as emergency cases.Diagnostic tests were
checked for heteroskedasticity, multi-
collinearity, structural stability, normali-
ty and functional form.A general specifi-
cation was used. The model was chosen
because it was considered the best fit of
the data after the process of excluding all
nonsignificant independent variables.This
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Table 3

Multiple regression results. All analyses were adjusted for heteroskedasticity

except for AR-DRG E62A

DRG B70A: stroke with severe or CostPP=5610 (β0) +23390 (outlier) 

complicating diagnosis/procedure +970 (disease types) +e

Adj. R 2=0.64, SEreg=7240.04, F=71.40, P<0.001 

(n=81)

E62A: respiratory infections, inflammation with CostPP=6950 (β0) −70 (age) +14070 (outlier) 

catastrophic complications and comorbidities +1440 (procedures) +e

Adj.R 2=0.5185, SEreg=5690.59, F=50.90, P<0.001 

(n=140)

E65A: chronic obstructive airways disease CostPP=1030 (β0) +7190 (outlier) 

with catastrophic or severe complications +1350 (procedures) +380 (disease types) +e

and comorbidities Adj.R 2=0.51, SEreg=3386.09, F=82.69, P<0.001 

(n=235)

DRGs F42A: circulatory disorder without acute CostPP=3660 (β0) +5140 (outlier) 

myocardial infarction with invasive procedures +620 (disease types) +e

with complicating diagnosis/procedure Adj. R 2=0.20, SEreg=2896.53, F=27.20, P<0.001 

(n=216)

F42B: circulatory disorders without acute CostPP=5460 (β0) −20 (age) −1820 (emergency) 

myocardial infarction with invasive procedures +250 (diagnoses) +e

without complicating diagnosis/procedure Adj.R 2=0.06, SEreg=2800.017, F=11.30, P<0.001 

(n=517)

Table 2

Definition of all variables

Variable Definition

CostPP Cost per patient

Age Patient age

Emergency Dummy variable: ‘1’ if patient admitted through emergency department,

otherwise ‘0’

Outlier Dummy variable: ‘1’ if patient an outlier on length of stay, otherwise ‘0’

Complexity Dummy variable: ‘1’ if patient classified as high-complexity case (PCCL), level 3 or 4,

otherwise ‘0’ for DRGs F42A F42B, B70A;‘1’ if 4,‘0’ if 3 on DRG E65A

Diagnoses Number of diagnoses

Procedures Number of procedures

Disease types Number of body systems

Sex Dummy variable: ‘1’ if male, otherwise ‘0’; gender of patient
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method was based on the ‘top down’ ap-
proach where nonsignificant independent
variables are gradually excluded on a step-
by-step basis,that is,by stepwise linear re-
gression.Each exclusion step involves run-
ning a number of regressions with differ-
ent variable combinations to identify vari-
ables that are nonsignificant in all circum-
stances.When a variable was found to be
nonsignificant across a wide range of
model specifications,it was excluded.The
t statistic was used to decipher which vari-
ables were nonsignificant at 95% level of

confidence (that is, t>1.65). The overall
significance of the model was also con-
sidered in view of the F and R2 statistics for
the various combinations of explanatory
variables. Benchmarking analyses were
also undertaken to analyse the inter-rela-
tionship between the hospital’s efficien-
cy and casemix complexity vis-à-vis oth-
er major teaching hospitals in Australia
and New Zealand. The results of these
analyses were considered in light of the
size of the funding deficits experienced
by the hospital. Benchmarking compar-

isons were made between 11 hospitals of
the HRT in Australia and New Zealand.

Severity marker data
Severity markers were identified for the 15
most expensive patients in each DRG.The
severity marker data were obtained from
DRG attestation reports produced by the
Medical Records Department of The Al-
fred Hospital.These reports document for
each patient during a specified episode of
care all principal and secondary diagnosis
and procedure codes and their definition.
The complete lists of patient-specific codes
were discussed with the medical opinion
leaders who identified the severity mark-
er codes associated with the hospital’s
State-wide referral services and which
would be unlikely to occur in patients in
the same DRG in other hospitals in the
State. This assists in identifying the rela-
tive cost disadvantage of Alfred Hospital
vis-à-vis other major teaching hospitals.

Results

Multiple regression

The results of the analysis are presented in
Tables 3 and 4. The model for DRG B70A
(stroke with severe or complicating diag-
nosis/procedure) explained 64% of the
variance in per patient costs, with the
number of disease types and LOS outliers
being significant cost drivers.The financ-
ing gap of $435,542 was attributable main-
ly to the state-wide service for trauma and
neurosurgery.The expensive patients had
severity markers of intracerebral and sub-
arachnoid haemorrhages and ventilatory
support for 24–96 h. Alfred Hospital at-
tracts very complex haemorrhage strokes
due to its helicopter availability for State-
wide trauma services. High complexity
was also reflected in the hospital having
the highest proportion of emergency ad-
missions (99%) and an average cost high-
er by $6,636 than the benchmarking
group. Only 19% of separations account-
ed for an astounding 45% of total costs,
and the bed-day gap for the DRG was
higher than all HRT at 23% given the pa-
tient complexity. Higher costs were due
mainly to medical,ward and allied health.

For DRG E62A (respiratory infec-
tions/inflammation with catastrophic
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Table 4

Benchmarking and severity markers

Benchmarking High cost patients: severity markers,

15 most expensive patients

DRGB70A: stroke with severe The financing gap for 2001–2002 was $435,542. 19% of the separations accounted for 45% of total costs.

or complicating diagnoses State-wide referral service for trauma and neurosurgery. Severity markers: Principal diagnoses: intracerebral, subarach-

or procedures Highest proportion of patients with high-complexity noid haemorrhages. Procedure: continuous ventilatory support 

score (PCCL 4), 60%. Emergency admissions (99%) 2 per- for 24–96 h. Complex haemorrhage strokes treated due to heli-

centage points higher than for all HRT. Average cost of copter availability, transporting patients State-wide for trauma 

$14,860 was $6,636 higher than for all HRT. Length of stay and high level ICU and neurosurgery. Length of stay 29–95 days;

23.3 days, longer by 7.4 days than HRT Bed-day gap of 6–12 procedures; 4–12 diagnoses; 80% had PCCL 4; 80% were 

23% was higher than all HRT (13%). outliers on length of stay; 93% were emergency cases.

E62A: respiratory infections, Financing gap for 2001–2002 was $334,948. State-wide 11% of the separations accounted for 37% of total costs.

inflammation with referral service for lung transplantation, chronic heart Severity markers: Principal diagnoses of pneumonia due to 

catastrophic complications  failure, and cystic fibrosis. 74% of episodes with a principal either staphylococcus or pseudomona; legionnaires disease.

and comorbidities diagnosis of pneumonia, higher than HRT (52%). Much Principal procedure: injection of gamma globulin, computed 

higher proportion of cases with a secondary diagnosis of tomography of brain and chest, bronchoscopy and therapeutic 

chronic heart failure (36% vs. 32%). Highest average cost thorancentesis. Co-morbidities: left ventricular failure and con-

of $7,503 higher by $1,457 than HRT. Much higher same-day gestive heart failure, primary pulmonary hypertension, acute 

caseload (10%) than HRT (3%). Much lower relative stay respiratory failure and bronchectasis. Selective deficiency in 

index (85% vs. 97% for HRT), i.e. casemix adjusted length immunoglobulin G subclass with bronchectasis and legion

of stay. Bed-day gap was equal to the HRT (12%). naires with end-stage renal disease. Length of stay 8–88 days;

up to 12 procedures and 12 diagnoses; all had PCCL 4; 40% were 

outliers on length of stay; 87% were emergency cases.

E65A: chronic obstructive Funding gap for 2001–2002 was $520,265. Linked to State- 6% of the separations accounted for 20% of the costs. Severity 

airways disease with wide referral service for: lung, heart and bone marrow markers: Principal procedures: insertion of intercostal catheter 

catastrophic or severe transplantation, immunology and chronic heart failure for drain; percutaneous central vein catheterization; bilevel pos-

complications and clinic. Casemix complexity (PCCL) higher at 3.45 than 3.44 itive airway pressure; percutaneous biopsy of bone marrow and 

comorbidities for HRT. Second highest proportion of cases with principal computed tomography of chest.Principal diagnosis: bronchiec-

diagnosis of bronchiectasis (11%) vs. 8% for HRT. Bron- tasis. Co-morbidities and complicating procedures: State-wide 

chiectasis is linked to State-wide referral service for cystic referral services for lung, heart, and bone marrow transplanta-

fibrosis, transplantation and immunology. Ranked 4th on tion and chronic heart failure. Pseudomonas, acquired absence 

percentage of patients with chronic heart failure as a of part of lung, congestive heart failure, unstable angina, left 

secondary diagnosis (28%) vs. 25% for HRT.This co-mor- ventricular failure, angina pectoris, heart and lung transplant 

bidity, when occurring with chronic obstructive airways status, pneumonia in mycoses, failure and rejection of lung, sur-

disease, is often associated with pre-lung transplantation gical operation with transplant of whole organ, lung transplant 

patients. High average costs of $5,862 relative to $4,331 status, pneumonia due toPseudomonas or Staphylococcus acute 

across HRT. Same-day cases: 15% vs. 4% for HRT. Length of myocardial infarction, bilevel positive airway pressure, non-

stay was lower (6.8 vs. 7.8 for HRT:) Bed-day gap only 2% familial hypogammaglobulinaemia which require the allergy/ 

vs. 11% for HRT. Relative stay index was 81% vs. 97% for HRT. asthma clinic and can lead to bronchiectasis.This requires the 

expertise in cystic fibrosis and lung transplantation physicians.

Some patients with bilevel positive airway pressure are on the 

waiting list for lung transplantation. Length of stay: 

12.5–30 days; they had up to 8 procedures and 11 diagnoses;

9 had PCCL 4, and another 6 had PCCL 3; 20% were outliers on 

length of stay; 60% were emergency cases.

complications and comorbidities) the in-
dependent variables of age, LOS outliers
and number of procedures were variables
significantly impacting on costs.The mod-
el explained 52% of the variance. The fi-
nancing gap of $334,948 was attributable
mainly to the State-wide services for lung
transplantation,chronic heart failure and

cystic fibrosis.Only 11% of separations ac-
counted for 37% of costs. Of these high
cost cases,severity markers linked to these
State-wide referral services were princi-
pal diagnosis of pneumonia due to either
Staphylococcus or Pseudomonas infection
and Legionnaires’ disease. Principal pro-
cedure markers were injection of gamma

globulin,computed tomography of brain
and chest,bronchoscopy and therapeutic
thorancentesis. Severity co-morbidities
were left ventricular failure and conges-
tive heart failure,primary pulmonary hy-
pertension, acute respiratory failure and
bronchectasis.Selective deficiency in im-
munoglobulin G subclass with bronchec-
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Table 4 (Continued)

Benchmarking and severity markers

Benchmarking High cost patients: severity markers,

15 most expensive patients

F42A: circulatory disorder Financing gap for 2001–2002 was $508,544. State-wide 7% of separations accounted for 16% of costs. Severity mark-

without acute myocardial referral service for heart failure and heart transplantation. ers: Procedures: coronary angiography with left and right heart 

infarction with invasive 54% of its caseload high complexity (PCCL 2, 3, 4) which was catheter; Bx myocardium by cardiac catheterization; right 

procedures with 8 percentage points higher than for all HRT. Average PCCL was heart catheterization; bone densitmetry dual-energy radio-

complicating diagnoses 1.47 vs. 1.21 for HRT. Second highest proportion of congestive graphy at least two sites. Diagnosis severity markers: congestive 

or procedures heart failure patients (6% vs. 3%) and a lower proportion of heart failure, dilated cardiomyopathy, left ventricular failure,

angina patients relative to all HRT (56% vs. 63%). High cardiomyopathy unspecified and ischaemic cardiomyopathy.

average costs of $5,380 vs. $3,815 for all HRT. Length of stay Co-morbidities and complications: ischaemic cardiomyopathy,

was 3.6 days vs. 4 across HRT. Much lower bed-day gap at 6% left ventricular failure, primary pulmonary hypertension, endo-

being 9 percentage points lower than HRT. Much higher carditis valve unspecified, ventricular tachycardia and dilated 

proportion of same-day cases (45%), higher by 16 percentage cardiomyopathy. Length of stay ranged from 0.5 to 34 days; up 

points relative to HRT. to 11 procedures and 12 diagnoses; 80% had PCCL 3 or 4; 47% 

were outliers on length of stay; 73% were emergency cases.

F42B: circulatory disorders Financing gap for 2001–2002 is $1,772,557. State-wide 3% of the separations accounted for 7% of the costs. Severity 

without acute myocardial referral service for heart transplantation and chronic heart markers: Principal diagnosis: ischaemic cardiomyopathy.

infarction with invasive failure. Four of Alfred Hospital’s high cost patients had heart Principal procedures: Coronary angiography with left and right 

procedures without transplantation status; three had already been transplanted, heart catheterization and also right heart catherization which 

complicating diagnoses the other subsequently had a heart transplant but suffered can be very expensive. 27% of these high cost patients had 

or procedures failure and rejection. 32% of cases with a principal diagnosis heart transplantation status. Length of stay: 0.2–12 days;

of angina pectoris unspecified, much higher than HRT at 23%. 2–11 diagnoses; 1–12 procedures; 67% were PCCL 2 or higher;

Highest proportion of cases 91% with conditions requiring 27% were outliers on length of stay; 13% were emergency 

coronary angiography with left heart catheterization vs. only patients.

80% for HRT. High average costs of $4,836 which was higher 

by $2,546 relative to HRT.Very high proportion of same-day 

cases (80% vs. 55% for HRT). Performed significantly better 

on relative stay index, length of stay and bed-day gap. Length 

of stay was 0.9 vs. 1.4 for HRT. Relative stay index was 73% 

for Alfred Hospital vs. 99% for all HRT.The bed-day gap was 

only 25% vs. 33% for HRT.
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tasis and Legionnaires’ disease with end-
stage renal disease also impacted. In 74%
of cases there was a principal diagnosis
of pneumonia much higher than the
group, by 22 percentage points.Although
the average cost across the DRG was high-
er than the average by $1,457, The Alfred
Hospital had very high efficiency, with
same-day cases being 7 percentage points
higher and a Relative Stay Index lower
than the group by 12 percentage points.
Higher costs were attributable mainly to
drug costs.

For DRG 65A (chronic obstructive air-
ways disease with catastrophic or severe
complications and comorbidities), LOS
outliers, number of procedures and dis-
ease types were significant cost drivers.
The model explained 51% of the variance
in costs.The funding gap of $520,265 was
attributable mainly to the State-wide refer-

ral service for lung, heart and bone mar-
row transplantation, immunology and
chronic heart failure clinic.Six percent of
cases contributed to 20% of costs.Of these
high cost cases some with the severity
marker bilevel positive airway pressure
were on the Hospital’s waiting list for a
lung transplant. Other severity markers
included principal procedure of percuta-
neous biopsy of bone marrow and princi-
pal diagnosis of bronchiectasis. Severity
co-morbidities were Pseudomonas, ac-
quired absence of part of lung,congestive
heart failure,unstable angina,left ventric-
ular failure, angina pectoris, heart and
lung transplant status,pneumonia in my-
coses, failure and rejection of lung,surgi-
cal operation with transplant of whole or-
gan, lung transplant status, pneumonia
due to Pseudomonas or Staphylococcus,
AMI and nonfamilial hypogammaglobu-

linaemia. Although the average cost for
the DRG was higher by $1,531, the Hospi-
tal was relatively more efficient with the
same-day cases being 11 percentage points
higher than the group,LOS lower by 1 day,
bed-day gap lower by 9 percentage points
and Relative Stay Index lower by 16 per-
centage points.Higher costs were mainly
attributable to medical, wards, allied
health,pathology,imaging and pharmacy.

The model for DRG F42A (circulatory
disorders without AMI with invasive pro-
cedures with complicating diagnosis/pro-
cedure) explained 20% of the variance in
costs, with number of disease types and
LOS outliers significant cost drivers. The
funding gap of $508,544 was attributable
mainly to the State-wide referral service
for heart failure and heart transplanta-
tion.Seven percent of cases accounted for
16% of costs. These high cost cases had
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related severity procedure markers in-
cluding coronary angiography with left
and right heart catheter, Bx myocardium
by cardiac catheterization, right heart
catheterization, and bone densitmetry
dual-energy radiography of two or more
sites. Diagnosis severity markers were
congestive heart failure, dilated cardio-
myopathy, left ventricular failure,cardio-
myopathy unspecified and ischaemic car-
diomyopathy.Severity co-morbidities and
complications were ischaemic cardiomy-
opathy, left ventricular failure, primary
pulmonary hypertension, endocarditis
valve unspecified,ventricular tachycardia
and dilated cardiomyopathy.Although the
average cost in the DRG was higher by
$1,565, the Hospital was highly efficient,
with the bed-day gap being 9 percentage
points lower than the group and same-
day cases being 16 percentage points high-
er. This was astounding considering that
54% of the hospital’s casemix was rated
as high complexity (PCCL levels 2–4),be-
ing 8 percentage points higher than the
group. Higher costs were mainly at-
tributable to special procedures used in
the operating suite.

The model for DRG F42B (circulatory
disorders without AMI with invasive pro-
cedures without complicating Diagno-
sis/procedures) explained 6% of the vari-
ance.Clearly key factors unable to be cap-
tured by the multiple regression frame-
works, such as linkage to transplantation
requirements impact on the model and
major co-morbidities such as cardiomyop-
athy.Perhaps further models can include
the presence of various severity markers
as dummy variables to determine their
explanatory capacity.The negative coeffi-
cient for emergency (lower cost) related
to only 67 cases (i.e. 13% of the entire
caseload).Many of these patients were ad-
mitted through the emergency depart-
ment with a principal diagnosis of un-
specified chest pain and had a coronary
angiography with left heart catheter un-
dertaken.Further regression analyses were
undertaken on this DRG, indicating that
this DRG may require revised grouper cri-
teria. The financing gap of $1,772,557 was
attributable mainly to the State-wide refer-
ral service for heart transplantation and
chronic heart failure.Four of the high cost
patients had heart transplantation status.

Three had already been transplanted.The
other subsequently had a heart transplant
but suffered failure and rejection. Three
percent of the cases in the DRG account-
ed for 7% of the costs. In these high-cost
patients the severity markers included
principal diagnoses of ischaemic cardio-
myopathy and principal procedures of
coronary angiography with left and right
heart catheterization and right heart
catherization, which can be very expen-
sive. Of these high-cost patients 27% had
heart transplantation status.Although the
average cost in the DRG was higher by
$2,546, the relative efficiency was very
high, with same-day cases being 25 per-
centage points higher than the group.The
Relative Stay Index was lower by 26 per-
centage points, with the bed-day gap be-
ing lower by 8 percentage points. Higher
costs were attributable mainly to the direct
costs of special procedures in the operat-
ing room.

Discussion

The results of the multiple regression anal-
yses presented above can be used for risk
adjustment of high-complexity DRGs and
provides supporting evidence about high
casemix complexity and efficiency. Out-
lined below is the method of calculating
the RASG for the five DRGs based on the
regression results and implications of the
findings for Australia and Germany. We
then briefly discuss complementary mod-
ifications to casemix funding for chronic
diseases such as cystic fibrosis via State-
wide disease-specific Risk Adjusted Cap-
itation Funding Models (RACFM). The
secondary aim of the contribution is to
consider broader risk adjustment arrange-
ments for State and Federal government
reform,including population-based fund-
ing models.In this regard we consider how
State-wide disease-specific Risk Adjusted
Capitation Funding Models might be fur-
ther enhanced by using the United States’
system of DCGs. DCGs use multi-site di-
agnostic profiles, medical history over
time and patient demographics to predict
costs.They are associated with risk-sever-
ity scores that can better estimate disease
burden and can be extended beyond in-
patient care to include community ser-
vices and pharmaceuticals.DCGs can fur-

ther enable risk-adjustment reform in
Australian States such as Victoria and New
South Wales through new population-
based fund-holding models for area health
services. Finally, initiatives to risk adjust
Federal funding processes using DCGs
could be applied to the coordinated care
trials and also to measure health need and
disease burden for the growth index of
the AHCA.All States and Territories have
called for the federal government to im-
prove this growth index in the context of
the current renegotiation of the AHCA.
This could assist allocation of funds be-
tween and within States over time.We turn
first to the method of calculating the
RASG for the five high complexity DRGs
analysed in the study.

Risk-adjusted specified grant 
calculations

The final size of the net RASG payable by
DHS to The Alfred Hospital for each of
the five DRGs would be based, in part,on
a payment level determined for each pa-
tient from the risk adjustment formulas
identified above and summed across all
patients for the previous year within each
AR-DRG to arrive at a total payment called
the Full Risk-Adjusted Payment (FRAP).
The difference between this AR-DRG cal-
culation for FRAP and the amount that
would be payable through the standard
casemix funding formula would comprise
the final net actual level of the final RASG
for the AR-DRG. For example, for a pa-
tient admitted under AR-DRG E65A
(chronic obstructive airways disease with
catastrophic or severe complications and
comorbidities) the amount calculated for
the FRAP for that admission would be
based on the following formula:

where: FRAPe= FRAP in DRGe; n=total
number of patients; βo=constant, y inter-
cept−base rate payment for DRGe; Outli-
erie= LOS outlier status for patienti,DRGe;
Proceduresie=number of procedures for
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Infobox

Y βo+β11*D1BR+β12*D1LPA+β13*D1HLT+β14*D1LT+β15*D1BIBAP+β16 1AGE+β18*D1SEX

+β19*D1PROC+β110*D1DIAG+β111*D1DISEASE *D1LVF+β17*D1AGE+β18*D1SEX

+β19*D1PROC+β110*D1DIAG+β111*D1DISEASE TYPES+β112*D1COMPLEX+β113*D1OUTLIER-

+β114*D1EMERG+β21*D2BR+β22*D2LPA+β23SEX+ß29*D2PROC+β210*D2DIAG

+β211*D2DISEASE *D2HLT+β24*D2LT+β25*D2BIPAP+β26*D2LVF+β27*D2AGE

+β28*D2SEX+β29 N5*DNBIPAP+βN6*DNLVF+βN7*DNAGE+βN8*DNSEX+βN9*DNPROC

+βN10*DNDIAG+βN11*DNDISEASE *D2PROC+β210*D2DIAG+β211*D2DISEASE TYPES

+β212*D2COMPLEX+β213*D2OUTLIER+β214*D2EMERG+...βN1*DNBR+βN2*DNLPA

+βN3*D*** *DNHLT+βN4*DNLT+βN5*DNBIPAP+βN6*DNLVF+βN7*DNAGE+βN8*DNSEX

+β N9*DNPROC+βN10*DNDIAG+βN11 *D NDISEASE TYPES+βN12*DNCOMPLEX

+βN13*DNOUTLIER+βN14*DNEMERG+E

Where

Y =Per patient costs

βo =Y intercept

βij =array of coefficients, one set for each of j hospitals

D1BR =Dummy variable bronchiectasis teaching hospital D1=1, other=0.

D1LPA =Dummy variable lung part absence teaching hospital D1=1, other=0

D1HLT =Dummy variable heart and lung transplantation teaching hospital D1, =1,

other=0

D1LT =Dummy variable lung transplantation teaching hospital D1=1, other=0.

D1BIPAP =Dummy variable Bilevel Positive Airway pressure (BIPAP) teaching hospital

D1=1, other=0.

D1LVF =Dummy variable Left Ventricular Failure teaching hospital D1=1, other=0.

D1AGE =Patient age, teaching hospital D1=1.

D1SEX =Dummy variable 1 if male, other=0 (gender of patient), teaching hospital D1

D1PROC =Number of procedures at teaching hospital D1

D1DIAG =Number of diagnoses at teaching hospital D1

D1DISEASE TYPES =Number of body systems at teaching hospital D1

D1COMPLEX =Dummy variable at teaching hospital D1, 1 of patient classified as high com-

plexity case (PCCL) level 1 if 4. 0 if 3.

D1OUTLIER =Dummy variable at teaching hospital D1, 1 if patient an outlier on length of

stay, otherwise 0

D1EMERG =Dummy variable at teaching hospital D1, 1 if patient admitted through emer-

gency department, otherwise 0

Original Papers

patient i in DRGe; Disease Typesie=num-
ber of disease types for patient i in DRGe.

The FRAP would be determined as fol-
lows if the patient were an outlier on LOS
and had five procedures undertaken along
with three disease types.The base rate (or
constant) would equal $1,030. To this
amount would be added $7,190 for LOS
outlier status, plus $1,350 for each of five
procedures (totaling $6,750),and $380 for
each of three disease types (total of $1,140).
The grand total for this admission for this
patient is $16,110. The standard casemix
funding formula would be calculated based
on the total amount payable for that DRG
under standard casemix funding arrange-
ments.The standard casemix funding for-
mula would be subtracted from the FRAP

to determine the size of the final RASG
payable to Hospital.The standard casemix
funding formula level would implicitly em-
brace changes in the CPI, technology and
wages given the total funding amounts
from the Treasury to the Victorian DHS
incorporates such adjustments. However,
there would also need to be an adjustment
to the FRAP for CPI, technology change
and wages. Previous experience by the
State government (DHS) in calculating the
net final RASG for DRGs 3, 23 and 173 did
involve other additional grants to other
major teaching hospitals,given the size of
the ‘relative disadvantage’ of The Alfred
Hospital vis-à-vis the other hospitals.Fur-
ther consideration would therefore also
need to be given to the extent of relative

disadvantage of The Alfred Hospital.This
would enable improved distributional jus-
tice across the State.1 Calculation of the
FRAP could also include some adjust-
ments for the new co-payments where rel-
evant to the DRG. Those relevant to the
cardiology DRGs could involve the stent
co-payment and payment for use of an
atrial septal defect (ASD) closure device.
Trauma and respiratory DRGs might in-
clude the mechanical ventilation co-pay-
ment. Future research could include the
co-payments in the regression models as
dummy variables to calculate payment
rates for FRAP. The regression equations
could be formally re-estimated. Further
severity markers identified in the current
research might also be included in future
regression specification, for example,
brochiectasis and cardiomyopathy for lung
and heart transplant related services, re-
spectively.We turn now to the implications
of the research for casemix classification
and funding developments in Germany.

Developments in Germany

Section 17b of the Hospital Financing Law
(KHG) of May 2000 specified that the Ger-
man Self-Administration Board must se-
lect a classification system to reimburse
all hospital in-patient care from January
2003. The board comprises representa-
tives of insurers and hospitals.The classi-
fication is a variant of DRGs in use in at
least one country for funding purposes.
This is challenging since in all other coun-
tries DRGs are only one of several factors
determining a budget or are used for only
partial reimbursement.The German Hos-
pital Association (DKG), the German So-
ciety for Thoracic and Cardiovascular Sur-
gery (DGTHG) and the University of
Münster aided the selection process
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Alfred vis a vis other teaching hospitals and the size
of any other Risk Adjusted Specified Grants for other
teaching hospitals can be further explored using the
following formulae in the case of COPD, where sever-
ity markers are included into the equation, along
with teaching hospital dummy variables for each
teaching hospital and all other variables.This specifi-
cation can be used both to predict why certain
hospitals are more expensive than others, as well 
as to understand whether some factors systemati-
cally vary or are the same across all hospitals.
(see infobox)



through a project that analysed cardiac
surgery data of 18 different German hos-
pitals from 1999 to evaluate eight variants
of DRGs. This included Health Care Fi-
nancing Administration DRGs, version
17.0 INTERNOVA (HCFA-DRGs); All-Pa-
tient DRGs, version 12.0 3 M (AP-DRG);
Group homogenes de malades, France
(GHM), refined DRGs, INTERNOVA (R-
DRGs); All-Patient Refined DRG, version
15.0 3 M (APR-DRGs);Australian Refined
DRGs, version 4.1, Australia (AR-DRGs);
International All-Patient DRGs 3M (IAP-
DRGs); and Leistungsgerechte Diagnose-
fallgruppen,Austria (LDF) [42].

They established 12 evaluation criteria.
Those particularly relevant to the current
research concern the adequacy of the clas-
sification system including co-morbidi-
ties,complications,expensive and/or mod-
ern procedures,sensitivity to extreme cas-
es and their relative size,cost homogene-
ity of the residual group,resistance of the
system to gaming and cost homogeneity.
An excellent detailed comparison of the
underlying theories and constructions of
the eight variants are provided by Rochell
and Roeder [41] and Roeder et al. [42].
They found that the French GHM-DRG
and Australian AR-DRG variants had the
best medical logic.The Australian system
was outstanding regarding its explanation
of its design and operation,and its statis-
tical performance in resource use homo-
geneity. An added advantage was the
PCCL logic involving five levels of sever-
ity for every adjacent DRG based on addi-
tional diagnoses. Roeder et al. [42] con-
cluded that it could be recommended
from the evidence on cardiac surgery,giv-
en its suitability for quality assurance,pay-
ment system, benchmarking and perfor-
mance control.Another attraction was the
open nature of its classification design,
software implementation and the high lev-
el consideration of clinical logic over many
years of refinement.The GHM variant,as
with the AP-DRG, had a disadvantage re-
garding very heterogeneous groups and
would require additional development to
take account of variations such as the
PCCL. The HCFA variant did not ade-
quately account for variations in severity
and would require extension.R-DRG had
virtually the same grouping results as
HCFA-DRGs, although the more elabo-

rate differentiation of complexity levels
matches multiple morbidity more effec-
tively [42]. The AR-DRG version 4.1 has
been chosen as the basis for future Ger-
man costing system for hospitals [26].

Methodologies and statistical criteria
used to develop the grouper for Australian
DRGs have been described elsewhere and
have also been deemed to ‘world leading’
[4, 6]. The methodologies are considered
rigorous,valid and sound.However,DRG
development processes are unable to cap-
ture, or adjust for, the effects of a small
group of very expensive patients related to
State-wide referral services that likely oc-
cur in only a few hospitals nationally. At
The Alfred Hospital this relates to services
such as major trauma, heart and lung
transplantation,chronic heart failure and
cystic fibrosis. There might be similar ef-
fects for a small group of DRGs for other
major teaching hospitals, in view of their
State-wide referral services. Extremely
high outliers are excluded from final sta-
tistical analyses during DRG development
phases, which use LOS as the dependent
variable rather than per patient costs.At-
tempts simply to split DRGs further to
capture this effect are generally difficult,
since the statistical criteria requires at least
200 cases in any new DRG split.

Further, attempts to use the standard
cost weight ‘averaging’system in the stan-
dard casemix funding formula have
proven inadequate to compensate for the
small number of high-cost and very
severely ill patients linked to these State-
wide services.Further application of rou-
tine severity adjustment systems may not
solve the problem either.The AR-DRG al-
ready attempts high-level severity adjust-
ment via the PCCL. Perhaps the limita-
tions found reflect the limitations of using
LOS as the dependent variable during
grouper development,rather than per pa-
tient costs, although AR-DRGs version 5
uses patient costs.Higher level analytical
approaches developed in the current re-
search are required to resolve the prob-
lem adequately and to articulate sound
arguments to the State Treasury to iden-
tify the true level of current inappropriate
underfunding and hence expenditure
growth requirements. Only a few DRGs
generate a significant proportion of hos-
pital-wide deficits.These issues beset oth-

er countries, including the United States,
and need careful analyses to determine
adequate mechanisms for solving them
beyond traditional solutions.

The current research has identified the
stroke DRG as requiring severity (or risk)
adjustment.Research in Germany on AR-
DRGs version 4.1 for stroke also identified
a need for severity-adjustment of the
grouper.Kugler et al.[26] applied a stroke-
severity measure called the Barthel Index,
involving additional diagnoses. When
grouping using their own stroke data base,
36.8% (n=177) of cases were assigned to
the DRG with the highest cost weight. Of
these patients 53.7% had a serious stroke.
Grouping on the basis of standard hospi-
tal information systems led only to 2.8%
assigned to the DRG with the highest cost
weight. The authors concluded that the
type and extent of additional diagnoses
are crucial for DRG grouping. Disability
and impairment measures should also be
assigned to the grouping process to im-
prove homogeneity. Procedures must be
included in the definition of medical
DRGs. They also concluded that DRGs
covering overlapping health care sectors
should be developed for patients with
post-stroke rehabilitation [26].

A State-wide Risk Adjustment Com-
mittee established by the Victorian DHS is
leading State-wide reform on risk adjust-
ment for both high-complexity RASG and
complementary modifications to casemix
funding arrangements such as risk-ad-
justed capitation funding models. These
may also be of interest in Europe.

State-wide risk adjustment 
government and industry committee

A State-wide Risk Adjusted Working
Group (RAWG) was established in 2002
by the Victorian DHS in collaboration with
Bayside Health and the major teaching
hospitals to explore the potential for RASG
across the entire hospital industry in Vic-
toria.RAWG,chaired by Kathryn Antioch,
will advise the government on the need
for risk-adjusted funding arrangements
for high-complexity and chronic-care pa-
tients of State-wide specialty services via
RASG and will consider establishing a risk
management insurance pool. It will pro-
vide hospital industry evidence for use in

Eur J Health Econom 2 · 2004 | 105



Original Papers

budget deliberations between the Victori-
an DHS and the State Treasury, in negoti-
ations about the size of the entire fund-
ing pool to more appropriately reflect
health need. It will identify and evaluate
Risk Adjusted Capitation Funding Models
(RACFM) for State-wide referral services
for Chronic Diseases and also for extend-
ed episode of care arrangements in Victo-
ria. These models are discussed below.

Risk-adjusted capitation funding
models (RACFMs)

The need to explore RACFMs in Australia
arose in part from previous negotiations
undertaken by Bayside Health in which The
Alfred Hospital argued that the cost weights
used in casemix (DRG) funding in Victoria
have also been shown to be too low for
some State-wide chronic disease services.
The Alfred Hospital requested RASG in
1998–1999 for cystic fibrosis given an annu-
al deficit of $0.5 million and lower cost
weights implicit in the new funding formu-
la. It argued it had higher casemix com-
plexity with 28% emergency and higher
PCCL but efficiency on LOS and costs,hav-
ing a $3,000 lower average cost relative to
that at the highest cost hospital.The Alfred
Hospital successfully obtained RASG since
1998–1999 and the cost weight increased
in 1999–2000.The Alfred Hospital argued
that RACFMs are feasible alternatives to
casemix funding arrangements.Under cap-
itation arrangements managed care orga-
nizations are paid a fixed amount of mon-
ey for each enrollee regardless of the
amount of services actually provided. A
RACFM for cystic fibrosis public patients
treated by an Australian HMO,The Alfred
Hospital,was developed.This health ‘plan’
refers to a risk-bearing entity that performs
some insurance function, that is, it bears
some or all of the financial risk associated
with the random variation in health expen-
diture across individuals.Health plans may
also manage or provide health care. Ad-
verse selection is of limited concern since
patients pay solidarity contributions via
Medicare levy with no premium contribu-
tions to the Australian HMO.Sponsors pay-
ing premium subsidies to the Australian
HMO are the Victorian and Federal gov-
ernments. There are no premium contri-
butions by patients to the Australian HMO.

Regression analyses for DRG 173 (cystic fi-
brosis) found significant variables impact-
ing on per patient costs were emergency
status (1276.9),outlier on LOS (6377.1),pa-
tient complexity (3043.5), number of pro-
cedures (317.4) and the constant (or base
payment rate; 4492.7). This related to the
in-patient premium subsidies by the Victo-
rian Government sponsors.Regression re-
sults were R 2=0.21, SE=3598.3, F=14.39,
P<0.001.Regression coefficients represent
the additional per patient costs summed
to the base payment (constant).The regres-
sion explained 21% of the variance in cost
per patient.

The payment rate is adjusted by a best
practice annual admission rate of 2.5 per
registered patient.This would result in an
increase in the funding pool as only 100
of the 200 patients who were registered
with The Alfred Hospital were admitted
over the study year period.There should be
flexibility in redistribution of funding from
the above in-patient pool to link to the hos-
pital in the home program.The model is a
blended RACFM for in-patient, out-pa-
tient, hospital in the home, fee for service
federal payments for drugs and medical
services, lump-sum lung transplant pay-
ments and risk sharing through cost (loss)
outlier payments.Home and palliative ser-
vices funded by the State and Federal gov-
ernments are ‘carved out’. Current devel-
opment of cost effective clinical practice
guidelines,protocols and pathways by The
Alfred Hospital for cystic fibrosis can be
used with the capitation funding models.
The model reflects distributive justice ap-
proaches by Rice [39] and Reinhardt [38],
whereby we commence with principles of
fairness and then proceed to efficiency.
This supplementary alternative to casemix
funding may be instructive for Germany as
they are using AR-DRG funding models
in Europe [3].This work has led to consid-
eration of the DCG risk-adjustment clas-
sification system that could be used in Aus-
tralia for capitation.

United States’ Center for Medicare 
and Medicaid: risk-adjustment 
classification models – 
capitation lessons for Australia

The approach proposed for Australia, in-
volving risk adjusted capitation and risk

scores for patients reflects recent develop-
ments in the United States that took ef-
fect in 2000.HMOs previously received a
fixed payment for each beneficiary, ad-
justed only for such factors as age,sex and
county but not medical history.Medicare
paid an average of $5,800 a year for each
beneficiary.Since 2000 HMOs receive ad-
ditional payments for beneficiaries hospi-
talized in the prior year for specific con-
ditions.The bonus runs from $1,910 a year
for breast cancer to $26,464 for AIDS (New
York Times, 16 Jan.1999).The HCFA in the
United States, recently renamed Center
for Medicare and Medicaid, uses a DCG-
based model to set capitation rates for
Medicare plus choice health plans [18].
This model uses principal in-patient
DCGs [36] and is transitional to full-en-
counter risk adjustment by HCFA in 2004,
which has supported research on DCGs
[19, 21, 22, 35]. The DCG hierarchical con-
dition category (HCC),using multiple con-
ditions over full encounters has been re-
cently chosen by the Centre for Medicare
and Medicaid.

The DCG-HCC classification system
uses diagnoses generated during patient
encounters to infer medical problems.Di-
agnostic profiles and patient demograph-
ics predict costs.The system of Condition
Categories (CC) hierarchies captures both
chronic and serious acute disease manifes-
tations and expected costs. Each CC co-
efficient reflects the increment to expect-
ed costs that is independently associated
with the condition [10]. The DCG-HCC
classification system has been selected by
the Medicare program for 2004 and is be-
ing trailed in Canada and Germany, with
Columbia and Israel trailing various ver-
sions of DCGs.DCGs identify the person’s
full range of medical conditions over time
from in-patient, ambulatory and multi-
sites.For health plans that lack reliable all-
encounter claims data a risk model using
both pharmacy (called Rx groups) and
in-patient diagnoses may be best [49].
Whilst our Australian DRG classification
system has proven very useful to date in
the context of developing disease-specif-
ic risk-adjusted capitation funding mod-
els, the DCG-HCCs could also be applied
to such models for State-wide referral ser-
vices offered by the Victorian DHS, area
health boards in New South Wales and po-
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tentially area health services in Victoria.
Specifically, the DCG-HCC model which
has been widely validated internationally
and in the United States and an extension
using pharmacy information called Rx
groups hold particular promise.A model
that uses drug information is now imple-
mented in The Netherlands, and models
using this information are being quickly
adopted because of the ready availability
of pharmacy information. Pharmacy
models are of particular interest in Aus-
tralia because they are useful when there
is limited all-encounter diagnostic data.

Risk adjustment and DCG applications
in Victoria

There are several ways that these DCG sys-
tems could be used in Victoria and poten-
tially in Europe. Firstly, DCG-HCCs with
Rx groups could be used to develop a
needs based target allocation formula for
government programs such as casemix
funding, with actual work being paid by
casemix activity.DCGs are associated with
risk scores which can measure disease
burden. DCG calibration could be com-
pared with analyses of needs based fund-
ing based on age-/sex-adjusted weighted
separations.The advantages of exploring
the DCG concept is the burden of disease
can be assessed by factors beyond just in-
patient care to potentially include com-
munity services and drugs. This applica-
tion may also be of considerable interest
to Germany given its implementation of
casemix funding arrangements. The sec-
ond application could be in further devel-
opmental work of a disease-specific risk
adjusted capitation funding model for cys-
tic fibrosis, HIV-AIDs, chronic heart fail-
ure or cancer for an Australian HMO.This
could replicate the model developed by
Antioch and Walsh [3] but applied to cys-
tic fibrosis and other diseases using DCG-
HCC and compared to analyses using
DRGs applying regression techniques and
predictive ratios (expected expendi-
ture/actual expenditure).The third appli-
cation could be to develop a DCG-HCC
Risk-Adjusted Integrated Budget-Hold-
ing (DRAIB) model for area health ser-
vices in Victoria, which is population-
based, incorporating State funding. Bud-
gets could be defined by a resource dis-

tribution formula developed by the Vic-
torian DHS.Fundholding and health ser-
vices planning could occur at the region-
al level,covering a broad range of services
such as hospital in-patient and out-pa-
tient services, community-based prima-
ry care and public health and health-pro-
motion services.Private medical services
and private pharmacy would be exclud-
ed. Data from mortality ratios, rurality
and socio-economic index could also be
incorporated. Current casemix funding
via DRGs could be potentially maintained,
with actual payments based on activity,
but with targets determined by DCG-
HCC. A fourth initiative, recommended
by Dwyer [17], calls on designers of the
next AHCA to consider pooling federal
and State funds, to be held by area health
services.

Risk adjustment and DCG applications
in New South Wales

We now consider the application of DCGs
in New South Wales.The New South Wales
area health authority service model has
been described as a non-competitive (par-
tial) fundholding model which is popu-
lation based. New South Wales uses geo-
graphic capitation resource allocation
methods. The resource distribution for-
mula allocates funds to 17 area health ser-
vices and monitors equity.A global annu-
al budget is allocated between nine pro-
grammes – population and oral health,
primary and community, out-patients,
emergency, acute in-patient, mental
health,rehabilitation,extended care,teach-
ing and research. Expenditure related to
population size is allocated using capita-
tion methodology and summed for total
area allocation,which is adjusted for cross
boundary flows. Capitation formula in-
cludes age-/sex-weighted population,abo-
riginality, homelessness, private hospital
care and rurality. The generic needs in-
dex includes a standardized mortality ra-
tio,education and occupational status and
a rurality index [40]. Although by 2001,
expenditure within each region was with-
in 5% of that determined by the formula,
the efficiency and other implications of
the model have not been assessed [43].

Risk selection is a potential problem
throughout Australian health systems,giv-

en inadequate funding levels and implicit
incentives to ‘cream skim’,‘cherry pick’and
‘dump to cope’. This contrasts with as-
sumptions (in the absence of hard evi-
dence) made by Segal et al.[43] that risk se-
lection is virtually non-existent in New
South Wales under a ‘non-competitive
(partial) funding holding model which is
population based’.However,their theoret-
ical model should be evaluated in light of
industry evidence of selection. Further-
more, one questions whether any market
is purely a ‘non-competitive model’.Most
markets would be somewhere on a con-
tinuum between ‘non-competitive’ and
‘competitive’.The work by Segal et al. [43]
is a welcome and important contribution
in providing an initial framework to facil-
itate further debate about the strengths
and limitations of competitive vs. non-
competitive models of integrated capita-
tion funding holding. Selection may be
better avoided with possible improved pre-
dictive costs under a DCG-type system in
that health need can be better measured
and built into total cost structures.The rel-
ative allocative efficiency between regions
can also be enhanced with better measures
of disease burden.This formulation could
be evaluated by calibrating data using the
DCG-HCC and the Rx groups drug classi-
fications for predicting and comparing al-
locations under the current formula. An
early study of New South Wales data used
only in-patient hospital data for a version
of DCGs [37] but could be substantially
improved by using the DCG-HCC system
combined with the drug classifications
system (Rx groups). The Productivity
Commission [37] in considering managed
competition proposals has highlighted the
merits of giving regionally based, public
non-competing budget holders the respon-
sibility for purchasing the full range of
health services for their residents and oth-
er opportunities for reforming existing fi-
nancing and delivery arrangements for
public hospitals.These are consistent with
the foregoing recommendations.

Risk-adjustment applications 
for coordinated care trials

The coordinated care trials were estab-
lished in the late 1990s in Australia to test
whether multi-disciplinary care planning
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and service coordination leads to im-
proved health and well-being for persons
with chronic health conditions. Funds
pooling between Federal and State/Terri-
tory programmes for each trial partici-
pant were trialed as a means of providing
funding flexibility to support this coordi-
nated approach. Duckett and Agius [15]
carried out an excellent analysis of the co-
ordinated care trials using Adjusted Clin-
ical Groups (ACG),Ambulatory Diagnos-
tic Groups (ADG) and DCGs.They found
that age,gender,and diagnosis-based risk
adjustment measures explain around
40–45% of variation in costs of service use
in the current year for untrimmed data
compared to approximately 15% for age
and sex alone. Prediction of subsequent
use is lower at 20%.Using more informa-
tion to assign persons to risk categories
generally improves prediction. Use of
DCGs was marginally better at explain-
ing or predicting the variation in costs of
service use for those who use the service,
whereas the use of Adjusted Clinical
Groups or Ambulatory Diagnostic Groups
was better at predicting any service use.
They concluded that low predictive pow-
er carries policy risk of ‘cream skimming’.

Another important evaluation mea-
sure is the predictive ratio (expected ex-
penditure/actual expenditure) which has
shown DCGs to perform extremely well
internationally. The closer this ratio is to
1, the better the performance. Further
analyses of Australian data to investigate
this measure are important. Analyses of
R 2 values across entire classification sys-
tems can be somewhat limited in their ca-
pacity to reveal the real value of a total
classification system. In developing Aus-
tralian DRGs the R 2 statistic was explored
for the major diagnostic category, includ-
ing medical and surgical partitioning [6].
Further, explanatory variables are also
considered at the level of two or three par-
titions of a group [4] or new DRG splits
for chemotherapy [16].There may be great
value in further analysing the explanato-
ry power of DCGs at more refined levels
of the classification system itself,for exam-
ple, perhaps at the level of the Aggregat-
ed Clinical Conditions, its sub-compo-
nents of CCs, or for patient sub-groups
such as cystic fibrosis patients using Aus-
tralian data. Potential uses of DCGs for

risk adjustment at the national level are
feasible for the AHCA re-negotiations and
also the reinsurance pool arrangements.

Medicare agreements: 
Federal-State funding

The system of AHCA has been in place
for almost 20 years, establishing the level
of Federal grants given to the States and
Territories for funding public hospitals.
In a recent publication Australian States
and Territories [11] emphasize that the
system is under extreme pressure. Dur-
ing April 2002 health ministers convened
nine expert reference groups,who advised
that ‘funding should follow the patient,
wherever they are treated’.Once a sustain-
able funding base has been established,
the States argue that the total 2003–2008
ACHA grants should be properly indexed
to reflect growth in demand and escala-
tion in costs. The index should comprise
prices, wages and measures to identify
need such as demographic effect and pop-
ulation growth and aging and factors un-
related to demography such as technolo-
gy. They estimate a total index of 7.96%
in the first year. However, this is likely to
increase as estimates are updated to re-
flect changed conditions [11]. It is in rela-
tion to this index for growth, related to
health need and ‘changed conditions’
across the system, that the use of DCG-
HCCs with Rx groups has a good, poten-
tial application nationally. Risk adjusted
capitation of the reinsurance pool for na-
tional health insurance arrangements
could be facilitated by DCGs also.

Conclusion

If casemix policy in Australia and interna-
tionally is to maintain credibility and equi-
ty, the arrangements must respond to
changes in the cost structures of hospitals
and meet demand increases.Problems have
emerged from applying the averaging prin-
cipal inherent in cost weights. The actual
base payment per case is a political deci-
sion, not based on public benchmarking.
We have detailed specifications of the RASG
formula and its relationship to the stan-
dard casemix funding arrangements for
high-deficit DRGs in teaching hospitals that
are linked to State-wide referral services.

Aggregation of RASG calculated for all
teaching hospitals can identify the level
of current inappropriate underfunding
across the entire State.The potential appli-
cation of risk adjustment in Victorian gov-
ernment negotiations with the Treasury
about the size of the entire hospital fund-
ing pool can then expand the role of risk
adjustment to achieve greater allocative
efficiency and distributional justice on a
State-wide basis. Achieving a funds pool
to more accurately reflect health need may
enable the upward adjustment of funding
for some high cost hospitals without inap-
propriate clawback from other hospitals
via an inequitable downward adjustment.

A Victorian government committee on
risk adjustment involving State and hospi-
tal industry collaboration holds great po-
tential to improve equity for State allocation
of funds and negotiations with the Treasury.
Its deliberations and those of The Alfred
Hospital are instructive for other jurisdic-
tions using casemix (DRG) funding.Similar
problems of DRG funding have arisen in the
United States and risk-adjusted grants may
hold particular appeal there and in Euro-
pean countries using DRG funding.

Importantly,we have identified the po-
tential for future research, which can ex-
plore re-specifications to the funding for-
mula.This might include the integration,
as dummy variables,of the recent co-pay-
ment variables such as ASD closure de-
vice and stent co-payments for cardiolo-
gy patients. Severity markers such as
bronchectasis and cardiomyopathy can
likewise be integrated as dummy variables
for DRGs related to lung and heart trans-
plants, respectively.

Risk adjustment can also improve eq-
uity in the broader context of health care
reform in Australian States, and federally
via improved capitation,area health fund-
ing,casemix target formulation,the coor-
dinated care trials and the re-negotiations
of AHCA. The use of DCGs or an exten-
sion using pharmacy data called Rx groups
holds excellent potential for risk adjust-
ment in Australia as they effectively mea-
sure health need on a population basis.
DCGs can be used to calculate casemix tar-
gets for hospitals based on health need,
within the current Victorian casemix fund-
ing arrangements. They can be used for
disease-specific RACFMs and also risk-
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adjusted integrated budget holding in Vic-
toria. Likewise in New South Wales, they
can better measure health need and be in-
tegrated into the resource distribution for-
mula. Federally they hold significant
promise in potentially improving resource
allocation between States through their
application in the growth factor to mea-
sure changes in health status over time for
Australian States in the AHCA.
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