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Notice to any Reader of the Attached
Report

This report is not intended to be used by anyone other than the Independent Hospital Pricing Authority
(IHPA).

PricewaterhouseCoopers (PwC) prepared this report solely for IHPA’s use and benefit in accordance with and

for the purpose set out in our Official Order (dated 17 September 2018). In doing so, we acted exclusively for
IHPA and considered no-one else’s interests.

We accept no responsibility, duty or liability:
e to anyone other than IHPA in connection with this report; and
e to IHPA for the consequences of using or relying on it for a purpose other than that referred to above.

We make no representation concerning the appropriateness of this report for anyone other than IHPA. If
anyone other than THPA chooses to use or rely on it they do so at their own risk.

This disclaimer applies

e tothe maximum extent permitted by law and, without limitation, to liability arising in negligence or
under statute; and

e even if we consent to anyone other than IHPA receiving or using this report

Liability limited by a scheme approved under Professional Standards legislation.
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Executive Summary

Background and Scope

The National Efficient Price (NEP) is a foundational element of Australia’s Activity Based Funding (ABF)
model and plays an important role in supporting the principles of our health system, including determining
the amount of Commonwealth Government Funding provided for public hospital services and providing a
price signal to the system

PricewaterhouseCoopers Australia (PwC) has been engaged by the Independent Hospital Pricing Authority
(IHPA) to undertake a Fundamental Review of the NEP.

In Stage 1 of this Fundamental Review, we undertook a literature review of pricing models operating in other
jurisdictions, territories and industries that had similarities or differences that were informative to the
Fundamental Review objectives.

From this literature review, we identified a number of alternative modelling approaches to explore in Stage 2
of the Fundamental Review, covering each of the six components of the NEP:

1. Data preparation 4. Stabilisation
2. Base model 5. Calculation of the NEP/Indexation
3. Adjustments 6. Back-casting

The analysis and interim findings were presented to IHPA and the Fundamental Review Working Group in a
series of meetings and findings papers. This report documents our final findings and recommendations
relating to all six components.

Evaluation of alternative approaches

To aid the consistency and transparency of our work and recommendations, we established some metrics for
evaluating the impact of the various alternative modelling approaches versus the existing approach. These
evaluation metrics include the impact on goodness of fit, stability, and hospital cost ratios, and additionally
consider how the alternative approaches align with the underlying pricing philosophy.

Recommendations

After reviewing the components of the NEP and testing possible alternative approaches outlined in this
report against the evaluation metrics we have made the following recommendations.

Component

1 Data preparation We recommend that the matching of pharmaceutical benefits to
activity data be enhanced by applying an additional business rule
relating to the activity date. This would improve the number of unique
matches in the data, and it can be implemented with a low amount of
effort

Recommendations

2 Data preparation We recommend that Work-In-Progress episodes where the
admission date is within one year of the current financial year be
included in the model. This makes better use of the available data and
reduces potential biases (such as variations due to seasonal illness)
while still excluding genuine outliers.

Independent Hospital Pricing Authority
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Executive Summary

Component Recommendations

We recommend that the approach to setting inlier bounds be based
on percentiles of the Length of Stay distribution.

This aligns more closely with the pricing philosophy as it is better able
to define inliers that consistently captures both the majority of the
episodes and cost for each DRG as well as the “peak” of the Length of
Stay distribution.

The choice of bounds will need to be set to achieve the right balance of
risk sharing implicit between inliers and outliers.

We recommend that additional age adjustments are added into the
NEP models across all the streams.

Acute: adjustment for patients aged 65 years and over

Emergency Department: extended to include an additional
adjustment for patients aged 40 to 65 years

Non-admitted: a specialist paediatric adjustment for patients aged
18 years and under in specialist paediatric hospitals

This would improve the ability of the NEP to allow for legitimate and
unavoidable differences in cost due to a patient’s age.

We recommend further consultation and investigation regarding the
following variables, to determine whether they should also be
incorporated as additional adjustments

Acute: mode of admission — investigate the underlying drivers for
the cost differences and assess the extent to which these are
unavoidable

Acute: mental health legal status - further consultation required to
determine whether an adjustment is appropriate given the
transition to a new classification system

Emergency Department: mode of transport — investigate the
underlying drivers for the cost differences and assess the extent to
which these are unavoidable

3 Base Model

4 Adjustments

5 Adjustments

6 Stabilisation

7 Calculation of the
NEP/Indexation

8 Calculation of the
NEP/Indexation

We recommend that the Acute same day price weights and specialist
paediatric adjustments are stabilised such that changes do not exceed
+/- 20% from year to year. This improves the consistency of
stabilisation across the various model components without adversely
affecting the model fit.

We recommend no change to the current determination of
the Reference Cost. The current approach is in line with the
objective of deriving an average price and also maintains comparability
of NWAU over time, which is an intentional choice.

We recommend that IHPA consider ‘resetting’ the Reference Cost in
the future if it diverges too far from the average cost of a typical
separation. This would require significant adjustments to historical
NWAU calculations to maintain comparability and there would need to
be a strong appetite for change.
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No. Component Recommendations
9 Calculation of the We recommend no change to the existing approach for
NEP/Indexation deriving the indexation rate. The current approach meets its

objectives of capturing public hospital cost growth (including changes
in efficiency and length of stay) and is suitable for converting the cost
weight model into a pricing model for a future projected period.

10 Calculation of the We recommend monitoring the quality of cost data collection and
NEP/Indexation considering an approach that projects indexation at a more granular
cost bucket level if the data quality continues to improve over the next
few years.
11 Back-casting We recommend no change to the existing approach for back-

casting. The current approach is reasonable and meets its objectives
of removing the impact of significant changes to the ABF classification
or methodologies.
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PwC iii



Abbreviations

Abbreviations

ABF
AECC
AMHCC
AR-DRG
CALD
CPI
DRG
ICU
IHPA
LHN
LPI
LOS
MDC
NEP
NHCDC
NHRA
NWAU
PBS

PPI
PwC
SMAPE
WIP

Independent Hospital Pricing Authority
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Activity Based Funding

Australian Emergency Care Classification
Australian Mental Health Care Classification
Australian Refined — Diagnosis Related Group
Culturally and Linguistically Diverse
Consumer Price Index

Diagnosis Related Group

Intensive Care Unit

Independent Hospital Pricing Authority
Local Hospital Network

Labour Price Index

Length of Stay

Major Diagnostic Category

National Efficient Price

National Hospital Cost Data Collection
National Health Reform Agreement
National Weighted Activity Unit
Pharmaceutical Benefits Schedule
Producer Price Index
PricewaterhouseCoopers Australia Pty Ltd
Symmetric Mean Absolute Percent Error
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1 Introduction

1.1 Background and scope

The National Efficient Price (NEP) is a foundational element of Australia’s Activity Based Funding (ABF)
model and plays an important role in supporting the principles of our health system, including determining
the amount of Commonwealth Government Funding provided for public hospital services and providing a
price signal to the system. PricewaterhouseCoopers Australia (PwC) has been engaged by the Independent
Hospital Pricing Authority (IHPA) to undertake a Fundamental Review of the NEP.

In Stage 1 of this Fundamental Review, we undertook a literature review of pricing models operating in other
jurisdictions, territories and industries that had similarities or differences that were informative to the
Fundamental Review objectives. This was documented in our Literature Review findings paper dated
December 2018. A summary of findings from this report can be found in Appendix A.

From this literature review, we identified a number of alternative modelling approaches to explore in Stage 2
of the Fundamental Review. Broadly speaking, there are six components of the NEP:

1. Data preparation 4. Stabilisation
2. Base model 5. Calculation of the NEP/Indexation
3. Adjustments 6. Back-casting

The opportunities identified in the literature review were discussed and agreed with IHPA and a number of
these were prioritised and investigated during Stage 2. The analysis and interim findings were presented to
IHPA and the Fundamental Review Working Group in a series of meetings and findings papers.

This report documents our final findings and recommendations relating to all six components.

1.2  Evaluation of alternative approaches

To aid the consistency and transparency of our work and recommendations, we established some metrics for
evaluating the impact of the various alternative modelling approaches versus the existing approach. These
evaluation metrics include the impact on goodness of fit, stability, and hospital cost ratios, and additionally
consider how the alternative approaches align with the underlying pricing philosophy. The evaluation
metrics are summarised in the table below:

Metric Measurement Preferred outcome (all else being equal)

Goodness of Fit | Rz and SMAPE Closer alignment between actual and modelled
episodic costs, as indicated by a higher R2 or lower
SMAPE

Stability Spread of year on year Lower expected movements from year to year

movements

Hospital Cost Spread of Hospital Cost Closer alignment between actual and modelled

Ratios Ratios hospital costs (cost ratio = 1), that is, lower spread
in cost ratios

Pricing N/A Closer alignment to underlying pricing philosophy

Philosophy

For some components, additional evaluation metrics were considered and these are described in the relevant
sections of this report.

Independent Hospital Pricing Authority
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2 Data Preparation

2.1  Background and Purpose

The broad objectives of the data preparation stage are to:

Remove out of scope hospital costs (that is, cost not included in accordance with Section 13(f) of the
National Health Reform Act 2011 and Clauses A9-A17 of the National Health Reform Agreement).
Examples include costs related to blood products and pharmaceutical costs funded under other
Commonwealth arrangements

Remove outliers so that they do not unduly influence the stability of the model

Remove records for which there are concerns around data quality, for example, extremely low cost
episodes

Make other necessary adjustments to the data, for example to allow for the National Hospital Cost Data
Collection (NHCDC) being only a sample of the total activity during the year.

We have focused our analysis on two key aspects of the data preparation process that were identified as
opportunities for further investigation and improvement from Stage 1 of our Fundamental Review:

The method used to match pharmaceutical benefit schedule (PBS) data to activity data — this is
important for correctly removing pharmaceutical costs (which are substantial and are out of scope), and is
also complex as there is no unique and common identifier available across the two datasets.

The removal of episodes that span multiple financial years (also known as work-in-progress
episodes, or WIP), which are currently excluded as the costing for these records is believed to be less
reliable.

Our findings and recommendations relating to these are discussed below.

2.2  Matching of Pharmaceutical Benefits

2.2.1 Current approach

Broadly speaking, the current approach for matching pharmaceutical benefit data to activity data involves a
three-stage process:

Data is matched at a patient-level where possible using combinations of patient characteristic variables
that are common across both datasets to identify likely matches. There are two types of matches that
result from this (see Appendix B for further detail):

Unique matches, where only one activity record was matched to a pharmaceutical record — these
matches are considered to be more reliable; or

— Non-unique matches, where multiple activity records were matched to a pharmaceutical record. In
this case, the pharmaceutical benefit is allocated evenly to all matched records after applying a set of
business rules.

Next, pharmaceutical benefits for unmatched activity records or poor quality matches (e.g. where
matched pharmaceutical benefits are greater than in-scope cost) are imputed by product type (for
example, Diagnosis Related Group), based on the amounts that were successfully matched at a patient-
level.

Finally, the pharmaceutical benefit amounts are scaled so they sum up to the total pharmaceutical
benefits in the year.

Independent Hospital Pricing Authority
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Data Preparation

The pharmaceutical matching process is applied consistently across all jurisdictions, with the exception of
NSW and Victoria. This is because:

o NSW submits cost data exclusive of pharmaceutical benefits. Therefore, NSW cost data is not adjusted to
remove pharmaceutical benefits.

e Victoria historically did not submit unit level outpatient data, meaning patient-level matching would
disproportionately assign pharmaceutical benefits to admitted patient episodes.

2.2.2 Alternative approach

During our review, we considered two potential enhancements to the matching process which are described
below.

Enhancement 1: Business rule refinement relating to activity date

In the situation where multiple activity records are matched to a pharmaceutical record, we considered
applying an additional business rule to check whether the pharmaceutical transaction date is closer to a
single related activity end date and therefore would be more likely to be associated to that record. For
example, Figure 1 illustrates an individual who receives two episodes of care in the same hospital, but the
pharmaceutical record is more likely to be associated with the first episode.

Figure 1: Example of date rule

00
PBS record ) Q@\Q
e
o
Activity records o o o o
Activity record 1 Activity record 2

The effect of this business rule is twofold — firstly the use of the prescription and activity dates provide a
greater degree of confidence that the records are related and secondly a greater proportion of records are
matched in the unique matching step.

Enhancement 2: Developing predictive models for allocation

In the situation where the pharmaceutical benefit amount is allocated evenly across a number of non-unique
matches, we tested the use of predictive modelling to better inform which activity records are more likely to
be a true match based on the other characteristics of the records. An activity record with more probable
characteristics would be allocated a higher amount of the pharmaceutical benefit, and vice versa.

Both of these enhancements aim to improve the accuracy of the matching process and assignment of
pharmaceutical benefits to the true episodes of care. They do not however alter the total amount of benefits
matched in this process as the final stage in the PBS matching process is to scale the matched dataset up to
the total report pharmaceutical costs.

Independent Hospital Pricing Authority
PwC



Data Preparation

Starting with the results from the original NEP19 calculations (using the current matching methodology), the
analysis was carried out in three stages:

1. Adding Victorian pharmaceutical data! but keeping the same current approach; this forms a ‘new baseline’
to compare against.

2. Incorporating the date filter enhancement (Enhancement 1)
3. Applying the predictive model to the allocation process for risk allocation (Enhancement 2)

The changes made to the data pharmaceutical matching process were flowed through to the remainder of the
data preparation and pricing model process, allowing us to assess the impact on the final model goodness of
fit metrics and impact on hospitals.

2.2.3 Comparison against evaluation metrics

We have examined how the current approach and alternative approaches perform against the evaluation
metrics. In addition to the commentary on the ‘standard’ evaluation metrics, we have also considered other
indicators for assessing whether these alternative approaches should be considered for the pharmaceutical
matching process.

Goodness of fit (R2 and SMAPE)

R2 and SMAPE are two measures that are currently used to assess goodness of fit of the existing NEP pricing
models. The preferred outcome we are aiming to achieve is closer alignment between actual and modelled
episodic costs, as indicated by a higher R2 or lower SMAPE.

Figure 2 and Figure 3 show the R2 at various stages of the model (for example, base model, after each set of
adjustments, final model) and the SMAPE of the final model.

Figure 2: Comparison of R2

Comparison of R?
66% 68% 70% 72% 74% 76% 78% 80%
Base Model
After Paediatric Adj.
After Mental Health Adj.
After Indig/Remoteness Adj.
After All Adj. (Final...

Final Stabilised Model

M Baseline M Add date filter Add risk allocation

1 Prior to 2016/17, Victoria did not submit outpatient data which meant that including Victoria pharmaceutical benefit data in the matching process would
cause results to be biased. Further detail on the inclusion/exclusion of Victoria data is provided in 18Appendix B

Independent Hospital Pricing Authority
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Data Preparation

Figure 3: Comparison of SMAPE

Comparison of MAPE/SMAPE

0% 2% 4% 6% 8% 10% 12%

SMAPE

M Baseline M Add date filter M Add risk allocation

14%

The goodness of fit is similar between the three approaches. There is no material change in the R2
(0.79 after rounding for all approaches), and SMAPE (from 9.7% for the first two approaches, and 9.6%
after risk allocation).

Stability

Although stability is considered a ‘standard’ evaluation metric, we consider it to be of less importance in
the case of evaluating the pharmaceutical matching process. This is because we are looking to improve the
overall match quality to accurately remove out of scope costs over time rather than focusing on stability.
Our analysis on match quality is considered further in this section.

Hospital cost ratios

Figure 4 shows the distribution of hospital cost ratios and several measures of the spread of this distribution.
Closer alignment between actual and modelled hospital costs (cost ratio = 1) is preferred.

Figure 4: Distribution of hospital cost ratios

Numbaer of Hospitals
ocw B LB RS BER Y

Hospital cost ratios

filter
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Data Preparation

Enhancement 1:

Enhancement 2:

Preferred Current Alternative Alternaflve
. approach with date
outcome Approach approach with filter and risk
date filter allocation
Standard Lower is more 6
Deviation stable 0.2 0.23 0.23
% between 0.9 Higher is more
and 1.1 stable 56.3% 56.6% 57.0%
5th Percentile Closer to 1is more 0.70 0.72 0.72
95th Percentile stable 1.46 1.35 1.35

Figure 5: Change in hospital cost ratios

Change in hospital cost ratios
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The spread of hospital cost ratios is similar between the baseline approach and the alternative approach,
with only minor changes in the distribution and summary statistics.

Furthermore, the majority of hospitals have less than a 1% change in the cost ratio.

Additional evaluation metrics — match quality and reasonableness checks

The pricing model seeks to accurately identify and exclude pharmaceutical benefits as they are out of scope.

As such, in addition to considering the evaluation metrics above, we have also considered additional
measures to assess the match quality. We have done this by considering:

e The proportion of records matched at each stage

e A comparison of the pharmaceutical benefits amounts matched compared to each records’ reported in-

scope cost

After applying the enhancements described above, there has been an improvement in the match
quality with the addition of the date filter. A greater amount of pharmaceutical benefits could be
uniquely matched to activity records. Our new baseline including Victoria data matched $16m across Acute
and Outpatient records. This increased to $68m with the inclusion of the date enhancement.

Independent Hospital Pricing Authority
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Data Preparation

Total PBS amount matched

Acute Outpatient
Match level Baseline date fﬁtiz(: alﬁ)(::itrii;: Baseline date fﬁt?r alﬁ)(::itrii;:
Unique match 1 8,952,516 40,023,397 40,243,661 6,196,429 12,783,689 12,838,337
Unique match 2 - 5,481,163 5,453,622 - 673,706 676,936
Unique match 3 586,774 2,125,930 2,153,706 386,786 6,014,772 6,038,969
Unique match 4 - 705,254 704,647 - 229,536 232,887
Many match 1 216,146,932 154,617,481 163,472,378 110,856,463 101,103,374 95,390,705
Many match 2 15,713,659 13,796,539 9,543,653 47,288,786 44,199,088 45,855,837
Imputation 428,045,314 461,357,753 452,955,449 626,464,194 617,526,170 625,077,067
Total 669,445,196 678,107,518 674,527,116 791,192,657 782,530,336 786,110,738
Figure 6: Change in PBS benefits matched
Total PBS benefit matched - Acute Total PBS benefit matched - Outpatient
800 800
700 700
600 600
500 = 500
5 400 {\% 400
300 300
200 200
100 100
0 — — —— o
Baseline Add Add risk Baseline Add Add risk allocation
date filter allocation date filter
B Unique Many match Imputation mUnique  Many match '~ Imputation

We have also considered the extent to which the various approaches do not violate the following

reasonableness checks.

1. The matched pharmaceutical benefit should not exceed the total in-scope cost of an

episode.

Under the current approach, only a small proportion of records violate this reasonableness check. The
two enhancements also result in a similarly small proportion of records where the pharmaceutical benefit

exceeds the total in-scope cost.

Proportion of episodes where
matched PBS exceeds In-scope Costs

100%

80%

60%

40%

20%

0%
Acute

(patient-level)
Baseline

Acute

(imputation)
= Add date filter

Outpatient
(patient-level)

Outpatient
(imputation)

Add risk allocation

2. The pharmaceutical benefit should not exceed the reported pharmacy cost of an episode.
The current approach results in a significant proportion of records where the matched pharmaceutical
benefit exceeds the reported pharmacy cost. There is a small improvement after incorporating the

enhancements.

Independent Hospital Pricing Authority
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Proportion of episodes where
matched PBS exceeds Pharmacy Costs
100%

80%

60%

40%

20% I I
0

Acute Acute Outpatient Outpatient
(patient-level) (imputation) (patient-level) (imputation)

Baseline ™ Add date filter ™ Add risk allocation

S

The inclusion of the date rule significantly increases the proportion of records and pharmaceutical benefit
amount matched on a unique matching basis. This also results in a relatively small improvement when
comparing the matched pharmaceutical benefits against the records’ in-scope and direct pharmacy costs.

Pricing philosophy

Pharmaceutical benefit matching is a specific part of the NEP with a well-defined purpose (to remove out
of scope costs). The alternatives that we have tested seek to enhance an approach which is consistent with
THPA'’s pricing philosophy and as such we do not consider this a relevant evaluation metric for assessing
this component of the NEP.

2.2.4 Summary and Recommendations

We recommend that the date filter enhancement (Enhancement 1) be incorporated into the
existing matching process. The underlying rationale used to differentiate between multiple activity
records is sound and improves the number of unique matches identified, and it can be implemented with a
low amount of effort.

Given the trade-off between the additional complexity and the small improvements, we would not
recommend adopting the predictive models (Enhancement 2) at this stage. The results of this
investigation have shown that, with the current limitations in the pharmaceutical data (in particular, there

are only a limited number of additional variables available on the dataset), there is limited potential for more

advanced analytical techniques to obtain improvements in the matching.

We understand that IHPA has limited control over the richness and quality of pharmaceutical data. However,

if there are improvements to this data in the future, then it would be worthwhile for THPA to reconsider
methods to improve the matching of pharmaceutical benefits, for example by:

a) Incorporating any additional variables into the existing matching methodology

b) Refitting the suite of predictive models above using additional predictors from the pharmaceutical
dataset

¢) Relaxing existing matching rules
d) Building additional risk models.

Independent Hospital Pricing Authority
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Data Preparation

2.3  Work-in-Progress (WIP)
2.3.1 Current approach

The current methodology excludes all WIP records, but applies a weighting to scale up to the total activity
level after the trimming of WIP records is carried out. This process is applied at a Diagnosis Related Group
(DRG) level and implicitly assumes that WIP records have similar characteristics as the in-scope records.
This may not necessarily be true as each financial year begins and ends during the winter period and
therefore the WIP records may be affected by seasonal illness.

WIP separations account for a very small proportion of total separations — approximately 0.6% in the
2016/17 year. Examining the proportion of WIP records at a jurisdiction level, there is not significant
variation, although there is some variation by hospital.

Table 1: WIP proportion by jurisdiction

WIP Non-WIP % WIP
National 35,523 5,859,597 0.6%
New South Wales 12,866 1,653,862 0.8%
Victoria 8,672 1,666,035 0.5%
Queensland 6,577 1,272,994 0.5%
South Australia 2,814 389,061 0.7%
Western Australia 2,664 505,153 0.5%
Tasmania 700 107,447 0.6%
Northern Territory 550 154,938 0.4%
Australian Capital Territory 680 110,107 0.6%

There is, however, significant variation of up to 30% by DRG (see Appendix C for details).

In addition, we have analysed the distribution of admission dates for WIP records. Almost all the records
were admitted in the 2015/16 year (prior year), with 92% of these records being admitted in the June 2016
month. The remaining small number of records are spread across earlier financial years. As such, it is likely
that the costed information would be reliable and that including these records in the National Cost models
would make greater use of the available data.

2.3.2 Alternative approaches

Based on the findings of the exploratory analysis, two alternative approaches to WIP records were tested to
understand the impact of including WIP records into the National Pricing models. Using the Draft NEP19
results as a base, we tested:

1. Including all WIP records

2. Including only WIP records where the admission date was in the prior year (that is, on or after 1 July
2015) — this is henceforth referred to as the “restricted WIP approach”.

Eligible WIP records were included at the beginning of the modelling, flowing through into normal trimming,
parameter calculation and calibration.

Analysis of the alternative approaches

We can make the following observations about the alternative approach when compared with the current
approach:

1. For the model using restricted WIP records (1 July 2015 and later), the majority of the approximately

35,500 records remain untrimmed and would therefore be used in the model. The results are very similar

Independent Hospital Pricing Authority
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for the model where all WIP records are included as only a small number of WIP records with cost data

actually have an admission date prior to 1 July 2015.

2. Approximately 91% of DRGs and 97% of inlier separations would have a change of less than 1% in the

inlier parameter. However, a number of DRGs would have significant changes in the inlier parameter (see

Appendix C for further details).

2.3.3 Comparison against evaluation metrics

We have examined the current approach and alternative approaches against the evaluation metrics.

Goodness of fit (R2 and SMAPE)

Figure 7 to Figure 10 show the R2 at various stages of the model (for example, base model, after each set of
adjustments, final model) and the SMAPE for the models calculated using all WIP and restricted WIP

approaches.
Figure 7: Comparison of Rz — all WIP method

Comparison of R?

50% 65% ToH 5% BO%

Base hModel

After Paediatric Ad)

After Mental Health ady

After indig/Remotensss adj

after all ady (Fnal Unstabilised Modd )
Final Sabilised Modd

Old = Mew

Figure 8: Comparison of SMAPE — all WIP method

Comparison of MAPE / SMAPE

0% 2% 4% 6% 8% 10% 12% 14%

MAPE

SMAPE

Old = New

Figure 9: Comparison of R2 - restricted WIP

Comparison of R?
60% 65% 70% 75% 80%

Base Model

After Paediatric Adj.

After Mental Health Adj.

After Indig/Remoteness Adj.

After All Adj. (Final Unstabilised Model)

Final Stabilised Model

Old = New
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Figure 10: Comparison of SMAPE - restricted WIP

Comparison of MAPE / SMAPE

0% 2% 4% 6% 8% 10% 12% 14%

MAPE

SMAPE

Old = New

For the approach using all WIP records versus the current approach, there was a very small reduction in
R2 (from 0.79 to 0.77) and increase in SMAPE (from 9.6% to 9.7%).

There was also no material change in the goodness of fit (R2 and SMAPE) between the restricted WIP
approach and the current approach.

Stability

We have measured the stability of the proposed WIP approaches by assessing the changes in inlier
parameters with and without WIP records. The results are shown below for the restricted WIP approach. The
majority of DRGs (approximately 91% of DRGs and 97% of inlier separations) had a change of less than 1% in
the inlier parameter.

Note that a transition to using WIP records will likely result in a one-off shift in the parameters in some
DRGs, as shown in the table below. Subsequent to this, there should be minimal impact on the stability of
parameters from year to year as WIP records only represent a small proportion of the total separations and
will be consistently included in each year. We note that treatment of year on year movements can continue to
be subject to IHPA’s stabilisation policy.

% change in

inlier Number of Number of % of inlier

parameter DRGs inlier seps % of DRGs seps
-10.00% to -5.01% 2 446 0.3% 0.0%
-5.00% t0 -4.01% 0 o} 0.0% 0.0%
-4.00% 10 -3.01% 0 0o 0.0% 0.0%
-3.00% to -2.01% 8 23,228 1.0% 0.4%
-2.00% to -1.01% 27 62,065 3.4% 1.2%
-1.00% to -0.51% 102 335,636 12.8% 6.5%
-0.50% t0 -0.01% 500 4,424,880 62.7% 85.4%
0.01% to 0.50% 99 279,659 12.4% 5.4%
0.51% to 1.00% 26 26,191 3.3% 0.5%
1.01% to 2.00% 22 25,678 2.8% 0.5%
2.01% to 3.00% 6 2,047 0.8% 0.0%
3.01% to 4.00% 1 29 0.1% 0.0%
4.01% t0 10.00% 2 2,246 0.3% 0.0%
10.01% t0 15.00% 3 285 0.4% 0.0%

Total 798 5,182,390 100.0% 100.0%

The inclusion of WIP records will likely result in a one-off shift in the parameters. Subsequent to this,
there should be minimal impact on the stability from year to year.

Hospital cost ratios

Figure 11 shows the distribution of hospital cost ratios and several measures of the spread of this distribution.
Closer alignment between actual and modelled hospital costs (cost ratio = 1) is preferred.

Independent Hospital Pricing Authority
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Figure 11: Distribution of hospital cost ratios
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Overall, the spread of hospital cost ratios is similar between the current approach and the tested alternatives.
However, there were some large changes for some individual hospitals.

Figure 12: Change in hospital cost ratios
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e All but four of these were small hospitals with fewer than 1,000 separations and are therefore more likely
to have greater volatility in the predicted costs.

Independent Hospital Pricing Authority
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e More than half of these hospitals were classified as subacute and non-acute hospitals or un-peered
hospitals.

The results are similar for the all WIP option, with a number of hospitals overlapping with those identified in
the restricted WIP approach:

e 20 hospitals had a change in cost ratio greater than 5%, with 18 of these hospitals having a reduction in
the cost ratio.

e However, the all WIP approach results in the cost ratio for a large children’s hospital and large principal
referral hospital decreasing by more than 5%

The spread of hospital cost ratios is similar between the current approach, the all WIP approach and
restricted WIP approach, with only minor changes in the distribution and summary statistics.

Although the majority of hospitals have a less than 1% change in cost ratio, some hospitals (typically
smaller hospitals) had larger movements, reducing the cost ratio.

Pricing philosophy

The current pricing philosophy aims to utilise as much of the available data as possible to develop the NEP.
This involves considering the full mix of episodes across the population and year. Our analysis of WIP
records indicates that the majority of the WIP records are actually admitted in June of the prior year and this
limits the uncertainty about their data quality.

However, we are aware that there may be differences in between jurisdictions for how WIP records are
handled on their costing systems and whether costs are correctly allocated between financial years. This will
need to be taken into account prior to implementation.

Including WIP records with an admission date in the prior year better aligns with the pricing philosophy
while balancing the risk of including unreliable cost data from those records.

2.3.4 Summary and Recommendation

On balance, we recommend that WIP episodes where the admission date is in the most recent
year are included:

e This makes better use of the available data and reduces potential biases (such as seasonal illness).
Although historically WIP records were excluded due to concerns about the quality of costed data, it is
likely that the costed information would be reliable for these more recent WIP episodes occurring within
the last financial year.

e Our analysis confirms that the restricted WIP approach is still able to exclude genuine outliers for which
there may still be concerns around the quality of their costing.

e There were no material differences in the goodness of fit of the Acute cost model and the distribution of
hospital cost ratios of the restricted WIP approach.

Additional considerations for transitioning to the restricted WIP approach include:

e We are aware that there may be differences in between jurisdictions for how WIP records are handled on
their costing systems and whether costs are correctly allocated between financial years. This will need to
be taken into account prior to implementation

e Many of the DRGs with a high proportion of WIP records have a low volume of activity. Clinical advice
may need to be sought as to whether it would be acceptable to include WIP records for these low volume
and higher cost DRGs.

Independent Hospital Pricing Authority
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e Adopting the alternative approach could lead to a large one-off change in the price parameters. Although
the majority of parameters change only by a small amount, some of these DRGs represent a significant

proportion of the total in-scope cost (“high volume” DRGs). It would be appropriate to assess these
changes in conjunction with IHPA’s stabilisation policy.

Independent Hospital Pricing Authority
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3 Base Model

3.1 Background and purpose

The base model forms the core of the NEP pricing models, being the key mechanism to develop the Acute
admitted price weights, but also the Reference Cost underpinning the NEP. It plays an important role in
delivering on the current pricing philosophy: to balance supporting a hospital’s ability to bundle services
under a range of delivery models with a mechanism for fair risk sharing between the Commonwealth and the
jurisdictions.

A key component of the base model is the determination of “inlier bounds”, which divide the separations
within each Diagnosis Related Group (DRG) into “inliers” and “outliers” based on their lengths of stay (LOS):

e Inliers represent the majority of separations which have typical lengths of stay for that DRG. The current
pricing philosophy aims to price these episodes at the average cost so that they are neither under- nor
over-priced.

e Qutliers represent separations which have unusually low or high lengths of stay. The current pricing
philosophy aims to over-price short-stay outliers and under-price long-stay outliers (relative to their likely
actual cost) to incentivise efficiency.

Same-day episodes are priced separately and this results in four separation categories for each DRG: same-
day, short-stay outliers, inlier and long-stay outliers.

Once the inlier bounds have been set, the base model firstly calculates a base price for inlier separations
broadly in line with the average cost. Short-stay outliers and long-stay outliers are then priced to incentivise
efficiency (that is, over-pricing and under-pricing them respectively relative to their likely actual cost), with
the overall model scaled such that modelled costs are equal to actual in-scope hospital costs. This is
illustrated in the diagram below.

Pricing

Average cost per episode/pricing level

Same Short stay B Long stay
= Inliers 2
Day outliers outliers

Low inlier High inlier
boundary boundary

Daysin hospital

In our review, we have focused our analysis on the selection of inlier bounds, noting that the choice of
the lower and upper inlier bounds determines which separations fall into which category and therefore the
level of over- and under-pricing in those categories.

Unless otherwise stated, the analysis in this section was carried out using hospital cost and activity data from
the 2016/17 activity year which formed the basis for developing the NEP19 Draft Determination models at
the time of the analysis.

Independent Hospital Pricing Authority
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3.2 Inlier Bounds

3.2.1 Current approach

The current approach to setting inlier bounds uses the ‘L3H3’ methodology, or in the case of mental health
and a select group of high-cost DRGs, ‘L1.5H1.5. This methodology involves:

e  Setting the inlier lower bound to the average Length of Stay divided by 3 (or by 1.5 in the case of
‘L1.5H1.5%)

e  Setting the inlier upper bound to the average Length of Stay multiplied by 3 (or by 1.5 in the case of
‘L1.5H1.5")

Some further stabilisation considerations and rounding are made to ensure the bounds are consistent,
reasonable, and stable from year to year.

Analysis of the current approach
To examine how well the current pricing model is working with regard to the inlier bounds methodology we
categorised the DRGs into five groups:

—_

L These DRGs currently use the L1.5H1.5 methodology
and typically have longer lengths of stay

These DRGs have shorter lengths of stay - many
— separations have a Length of Stay of just one day (this

High LOS=1 could be same-day or one-night)
}All other DRGs not classified above.

Separately, we also identified a group of 31 “high volume” DRGs that are either within the top 20 DRGs
overall by in-scope cost, or within the top 5 of any of the above five categories by in-scope cost. These 31
DRGs account for approximately 36% of total separations and 23% of the total in-scope costs across all DRGs
in 2016-17.
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Table 2: Number of separations and in-scope cost for “high volume” DRGs — 2016/17

Separations Inscope Cost

% of All % of All
DRG Description Category Count DRGs $ DRGs
L61Z Haemodialysis High LOS=1 1,122,268 19.6% 586.5m 2.3%
060B  Vaginal Delivery, Intermediate Complexity Other 66,162 1.2% 386.7m 1.5%
001B  Caesarean Delivery, Intermediate Complexity Other 31,506 0.6% 365.8m 1.4%
E62A Respiratory Infections and Inflammations, Major Complexity Other 41,757 0.7% 337.4m 1.3%
U61A  Schizophrenia Disorders, Major Complexity Mental Health 7,475 0.1% 262.1m 1.0%
U61B  Schizophrenia Disorders, Minor Complexity Mental Health 16,362 0.3% 292.2m 1.2%
To4B Knee Replacement, Minor Complexity Other 13,857 0.2% 263.1m 1.0%
R63Z Chemotherapy High LOS=1 213,373 3.7% 250.2m 1.0%
001C  Caesarean Delivery, Minor Complexity Other 26,019 0.5% 247.0m 1.0%
060C  Vaginal Delivery, Minor Complexity High LOS=1 55,511 1.0% 238.4m 0.9%
060A  Vaginal Delivery, Major Complexity Other 23,844 0.4% 206.1m 0.8%
U63B  Major Affective Disorders, Minor Complexity Mental Health 13,140 0.2% 189.5m 0.8%
C16Z Lens Procedures High LOS=1 69,492 1.2% 187.7m 0.7%
F62A  Heart Failure and Shock, Major Complexity Other 17,146 0.3% 180.0m 0.7%
U63A  Major Affective Disorders, Major Complexity Mental Health 5,352 0.1% 163.9m 0.6%
Ho8B  Laparoscopic Cholecystectomy, Minor Complexity High LOS=1 23,263 0.4% 180.1m 0.7%
133B Hip Replacement for Non-Trauma, Minor Complexity Other 8,687 0.2% 171.4m 0.7%
E65A Chronic Obstructive Airways Disease, Major Complexity Other 21,855 0.4% 162.9m 0.6%
G48B  Colonoscopy, Minor Complexity High LOS=1 80,803 1.4% 156.0m 0.6%
001A  Caesarean Delivery, Major Complexity Other 9,024 0.2% 149.7m 0.6%
J64B Cellulitis, Minor Complexity On SD List 46,396 0.8% 135.5m 0.5%
E62B  Respiratory Infections and Inflammations, Minor Complexity On SD List 36,892 0.6% 118.0m 0.5%
U67B  Personality Disorders and Acute Reactions, Minor Complexity Mental Health | 15,276 0.3% 96.7m 0.4%
R60A  Acute Leukaemia, Major Complexity High Cost 2,505 0.0% 88.4m 0.4%
F42B Circulatory Dsrds, Not Adm for AMI W Invasive Cardiac Inves Proc, Minor ( On SD List 24,540 0.4% 95.0m 0.4%
G70B  Other Digestive System Disorders, Intermediate Complexity On SD List 31,533 0.5% 89.3m 0.4%
Q60A  Reticuloendothelial and Immunity Disorders, Major Complexity On SD List 10,625 0.2% 85.3m 0.3%
Po3A  Neonate, AdmWt 1000-1499g W Significant GI/Vent>=96hrs, Major Compl High Cost 423 0.0% 56.9m 0.2%
112A Misc Musculoskeletal Procs for Infect/Inflam of Bone/Joint, Major Complex High Cost 1,914 0.0% 64.7m 0.3%
P66A Neonate, AdmWt 2000-2499g W/O Significant GI /Vent>=96hrs, Extreme C High Cost 1,330 0.0% 36.2m 0.1%
Po2Z  Cardiothoracic and Vascular Procedures for Neonates High Cost 220 0.0% 28.0m 0.1%
Total High Volume DRGs 2,038,730 35.5% 5,870.5m 23.3%

We then analysed the proportion of separations that were classified as inliers and the cost ratios for each
DRG and separation category. A summary of the outcomes is presented below, and further detailed analysis
can be found in Appendix D.
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1. Inlier proportions

To test the underlying principle that the inlier category represents a typical separation and contains the
majority of separations and associated in-scope costs we calculated the proportion of separations that were
classified as inliers.

The analysis (see Figure 13 below) showed that under the current approach, the inlier bounds generally
capture the majority of the separations. Approximately 90% of DRGs (which account for 97% of total
separations) have an inlier proportion greater than 50%, and more than half of the DRGs (which account for
81% of total separations) have an inlier proportion of over 90%. The average proportion of separations within
the inlier bounds is 88% across all DRGs. There are however, a number of DRGs with lower inlier
proportions. This includes (but is not limited to):

¢ DRGs in the mental health and high cost category generally had a high proportion of short-stay
outlier separations, which is a result of using the L1.5H1.5 methodology

e For those DRGs on the Same Day List a high proportion of separations were in the same-day
category, which was as expected

Figure 13: Inlier proportions by DRG

Inlier proportion (Current method)
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2. Cost ratios by separation category

To test the underlying principle that the inlier category should be broadly priced in line with average cost
(or a cost ratio close to 1.0) we analysed the cost ratios for each DRG and separation category, where the cost
ratio is defined as:

Actual in-scope cost

Costratio =
Model predicted cost

A cost ratio greater than 1.0 indicates that the actual costs are greater than the model predicted costs and
therefore the DRG or separation is under-priced relative to the average cost. Conversely, a cost ratio of less
than 1.0 indicates that the DRG or separation category is over-priced relative to the average cost.

Figure 14 shows the cost ratio for inliers for each of the 798 DRGs and Figure 15 shows the inlier cost ratio for
each of the 31 high volume DRGs.
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Figure 14: Inlier cost ratio by DRG (sorted Figure 15: Inlier cost ratios for high volume
alphabetically) DRGs
Inlier Cost Ratio by DRG (Strata and WIP Weighted) High Volume Inlier Cost Ratio by DRG
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The results show that there is considerable variation in inlier cost ratios by DRG. The cost ratio of most DRGs
varies between 0.90 and 1.00 and this is broadly consistent across the various separation categories which
have been defined. However, for the 31 high volume DRGs, the cost ratios are generally more consistent.

We also analysed the cost ratios for short-stay and long-stay outliers and found that, as expected, the cost
ratios for short-stay outliers are generally significantly lower than 1.0, while those for long-stay outliers are
generally significantly higher than 1.0. There is more variation across DRGs for outlier episodes compared to
the inlier cost ratios, which is to be expected, given the (generally) much small number of separations in
these categories.

These findings are in line with the principles of the pricing methodology and indicate that, in general, the
inlier category is broadly priced in line with average cost.

3.2.2 Alternative approach — percentile based inlier bounds

An alternative approach to setting the inlier bounds would be to choose certain percentiles of the LOS
distribution as the bounds. This approach to setting the inlier bounds may result in more consistency in the
proportion of episodes identified in each category (inlier, short-stay outlier, and long-stay outlier) across the
DRGs.

Figure 16 shows the average LOS expressed as a percentile of the LOS distribution for each DRG. The results
show that the average LOS is generally higher than the median (50t percentile). Excluding DRGs with a high
proportion of same-day or one-night separations, the average LOS generally lies between the 60t and 75t
percentiles.

Figure 16: Average Length of Stay as a percentile of the LOS distribution for each DRG
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Figure 17 and Figure 18 show the current inlier bounds expressed as percentiles of the LOS distribution for
each DRG, that is, they show what percentiles are implicitly being chosen by the current methodology.

Figure 17: Current inlier lower bound as a Figure 18: Current inlier upper bound as a
percentile by DRG percentile by DRG
CurrentInlier Lower Bound as a Percentile by DRG CurrentInlier Upper Bound as a Percentile by DRG
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The results show that there is significant variation in the percentile that corresponds to the current inlier
lower bound:

The percentile is very high for DRGs with a high proportion of same-day or one-night separations, which
is to be expected

The percentile corresponding to the inlier lower bound is high for mental health DRGs, approximately
the 631 percentile

The lower bound is at approximately the 25t percentile for other DRGs with a significant variation
between the 10t and 40t percentiles.

The inlier upper bound is at a very high percentile (approximately 97.5t percentile for most DRGs) although
mental health and high cost DRGs have an upper bound closer to the 85t percentile, due to the use of
Li.5H1.5.

Analysis of the alternative approach

The alternative percentile based approach has a lower bound set at the 25t percentile and an upper bound
set at the 95t percentile. Further details about the alternative approach can be found in Appendix D.

We can make the following observations about the alternative approach when compared with the current
approach:

1.

Change in inlier bounds —the majority of lower bounds do not change, however there are large changes
in the upper bounds which is to be expected given these bounds are well into the tail of the LOS
distribution. We observe that using the 95th percentile, more DRGs had a decrease in the upper bound
compared with the current approach, although mental health and high cost DRGs generally had an
increase in their upper bound.

Change in inlier proportions — the inlier proportions become more consistent across DRGs; they are
generally within a much narrower range of 80% to 90%. This is one advantage of the percentile based
method.

Change in price weights — while most of the inlier and long-stay outlier per diem price weights do not
change significantly, there are significant changes in the short-stay outlier per diem price weights. This
means there would be a significant one-off shift in these parameters if there was a change in the adopted
approach for setting inliers.

3.2.3 Comparison against evaluation metrics

We have examined how the current approach and alternative approach to setting inlier bounds performs
against three evaluation metrics (1) goodness of fit, (2) stability, and (3) hospital cost ratios. Both approaches
are also then evaluated against the pricing philosophy described earlier.
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Goodness of fit (R2 and SMAPE)

R2 and SMAPE are two measures that are currently used to assess goodness of fit of the existing NEP pricing
models. The preferred outcome we are aiming to achieve is closer alignment between actual and modelled
episodic costs, as indicated by a higher R2 or lower SMAPE.

Figure 19 and Figure 20 show the R2 at various stages of the model (e.g. base model, after each set of
adjustments, final model) and the SMAPE of the final model.

Figure 19: Comparison of Rz
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Figure 20: Comparison of SMAPE

Comparison of MAPE / SMAPE

0% 2% 4% 6% 8% 10% 12% 14%

MAPE

SMAPE

The goodness of fit is similar between the two approaches. There is a marginal change in R2 (from 0.79 to
0.78) and SMAPE (from 9.6% to 9.7%), however these difference are immaterial.

Stability

We have measured the stability of the proposed inlier bounds by assessing the year on year change between
NEP18 and NEP19 Draft of the lower and upper bounds. A lower magnitude of change is desirable.

The magnitude of lower bound changes is shown in the histogram below, and is also summarised by the
following statistics:

e Standard deviation of changes in the bound (lower is more stable)
e Proportion of DRGs with changes in the bound within +/- 1 (higher is more stable)

e 5thand g5th Percentiles of changes in the bound (closer to zero is more stable)
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Figure 21: Distribution of changes in inlier lower bounds
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Similarly, the spread of changes in the upper bound is shown in Figure 22 below.

Figure 22: Distribution of changes in inlier upper bounds
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The percentile approach shows a higher standard deviation in the bounds but results in a greater proportion

of records captured in the inlier category which is aligned with the intention current pricing philosophy.

The stability of the inlier lower bounds is similar under both approaches. However, the inlier upper
bounds defined using the alternative approach are slightly less stable than the current approach (as
indicated by a higher standard deviation and a 5t percentile that is further away from zero).

Hospital cost ratios

Figure 23 shows the distribution of hospital cost ratios and several measures of the spread of this
distribution. Closer alignment between actual and modelled hospital costs (cost ratio = 1) is preferred.

Figure 23: Distribution of hospital cost ratios
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Figure 24: Change in hospital cost ratios
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Overall, the spread of hospital cost ratios is similar between the current approach and the percentile
approach. However, there were some large changes for some individual hospitals.

e 18 hospitals had a change in cost ratio greater than 5%. Of these, all except two hospitals had fewer than
500 separations in 2016/17 and thus are more likely to experience volatility in the cost ratio due to the
lower volume of episodes.

o All of these hospitals were subacute and non-acute, psychiatric or un-peered hospitals.

The spread of hospital cost ratios is similar between the current approach and the alternative approach,
with only minor changes in the distribution and summary statistics.

Some hospitals experienced large changes in the cost ratio, although these were predominately small
subacute and non-acute hospitals.

Pricing philosophy

Under the current pricing philosophy the inlier separations are intended to be representative of a ‘typical’
separation and in doing so, capture a large proportion of the cost in the DRG, whereas the outliers represent
separations that usually have shorter or longer lengths of stay.

The choice of inlier bounds acts as a mechanism for risk sharing. The NEP pricing model aims to price inliers
broadly in line with their average cost, whilst short-stay outliers are over-priced and long-stay outliers are
under-priced to incentivise efficiency.

The alternative methodology is more aligned to the pricing philosophy as the inlier bounds are better able
to capture the majority of the episodes for each DRG as well as the “peak” of the Length of Stay
distribution, resulting in an inlier price more representative of a true “average” separation.

3.2.4 Summary and Recommendation

On balance, we recommend that the alternative percentile-based approach is adopted to set the
inlier bounds. This is because:

e The alternative approach aligns closer with the model philosophy:

— The majority of episodes as well as inscope cost for each DRG are captured as ‘inliers’ more
consistently;

— The most likely lengths of stays (i.e. the “peak” of the LOS distribution) will be captured as ‘inliers’
more consistently;
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— Therefore, the inlier price weight is more representative of a true “average” separation.

There are relatively minor differences in the models against other evaluation metrics, for example the
variability of cost ratios (across DRGs, separation categories and hospitals) and the overall goodness of fit.

If a shift to the alternative methodology is made, however, there would be some one-off large changes in
bounds and price weights, in particular in relation to short-stay outliers. The stability of the inlier bounds
from year to year is also expected to reduce slightly.

If inlier bounds are to be chosen using a percentile, then a decision must also be made as to which specific
percentiles are selected, as well as whether the percentile approach should be applied for both lower and
upper bounds. The following recommendations are made with regard to this:

It is important to select percentiles that are sufficiently far apart so that there is a large proportion of
separations that will be categorised in the inlier category.

When a distribution is symmetric, it is common to select percentiles that are also symmetric (e.g. 10th and
goth percentiles). However, due to the skewness of the Length of Stay distribution, selecting non-
symmetric percentiles (such as 25t and 95th) would be reasonable.

The analysis shows that the proportion of records and costs captured in the inlier bound is more
consistent across DRGs. Ultimately, the choice of bound should be made with regard to the desired
balance between proportions of inlier and outlier separations and implicitly the impact this has on the
level of risk sharing that is in place through the current funding arrangements given long stay outliers are
under-priced.

We also recommend that the choice of percentile be made with clinical input, for example, testing whether
the resulting inlier bounds for “high volume” DRGs represent reasonable lengths of stay of typical
episodes of care. The percentile approach tested in this analysis resulted in more consistency in the
proportion of costs captured in the inlier bound, but exceptions may be needed for particular DRGs
informed by clinical input.

Percentile points that are too extreme will be less stable from year to year. The current approach to setting
inlier bounds includes criteria for stabilisation. The slightly reduced stability in the inlier bounds (and
therefore the inlier price weight) means that these rules should also be reviewed for appropriateness if a
percentile approach is adopted, especially for changes in the lower bound. This would also need to be
considered if there are changes to the classification system.
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4 Adjustments

4.1  Background and purpose

The purpose of adjustments is to allow for legitimate and unavoidable variations in the costs of delivering
health care services. This ensures that hospitals who service a larger proportion of patients with these
legitimate and unavoidable costs are not unfairly penalised.

There are a large number of adjustments that already exist in the NEP, including adjustments for Indigenous
patients, patient residential and treatment remoteness, and age among other factors. These adjustments,
including both their existence and quantum, may differ across the various service streams.

Our analysis focussed on identifying and testing whether there were any additional adjustments that are
warranted over and above the existing adjustments. We only performed this analysis for the Acute,
Emergency Department and Non-Admitted streams, noting that adjustments for Subacute are generally
aligned with those for Acute.

4.2 Approach

The overall approach was to investigate whether there were any variables available in the activity data which
could help to explain the variation that is currently unexplained by the cost models, using the cost ratio as a
key measure of this unexplained variation. Our analysis considered as many variables as possible, using
machine learning and other analyses to assess whether adjustments were warranted. This quantitative
analysis was then supplemented by a qualitative consideration of whether these variables represent
legitimate and unavoidable variations or not.

The following is a summary of the key stages of our work:

1. Develop an initial extensive list of variables for consideration

2. Remove variables with poor quality data (e.g. missing or biased towards certain jurisdictions)

3. For the Acute stream (where there are a large number of candidate variables), use machine learning
techniques? to provide an indication of which variables are more important in explaining the variation in

cost ratios:

) Actual in-scope cost
Costratio =

Model predicted cost

4. Analyse how the cost ratios differ by each of the variables and whether any cohorts are over- or under-
priced

5. Consider the reasonableness of these variations in cost ratio, along with whether the data captured by the
variables represent legitimate and unavoidable variations

6. Conclude which variables, if any, are worth further consideration and test the impact of including them as
an adjustment in the cost models.

2 A regression tree was fit to the cost ratios, with pruning based on cost-complexity. Variable importance was measured based on the total reduction in
mean-squared error achieved by including the variable.

Independent Hospital Pricing Authority
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Adjustments

Our analysis considered the cost models developed from NEP17, NEP18 and NEP19. Detailed commentary

for Acute Admitted, Emergency Department and Non-admitted are presented in the following sections.

4.3 Acute Model Adjustments

The adjustments currently applied to the Acute model are documented in the National Efficient Price

Determination 2019-203 and include:

Adjustment

Paediatric adjustment

‘ Value

Varies by DRG

Specialist psychiatric age adjustment

For patients aged < 17 years and in MDC 19 or 20
e In Specialised Children’s Hospital — 16%
e Otherwise — 49%

For patients aged < 17 years and not in MDC 19 or 20
e In Specialised Children’s Hospital — 72%
e Otherwise — 89%

For patients aged > 17 years and not in MDC 19 or 20 — 32%

Patient residential remoteness
adjustment

Outer Regional Area — 8%
Remote Area — 27%
Very Remote Area — 29%

Indigenous adjustment 4%
Radiotherapy Adjustment 36%
Dialysis adjustment 27%

Patient treatment remoteness
adjustment

Remote Area — 8%
Very Remote Area — 10%

Intensive Care Unit (ICU) adjustment

0.432 NWAU(19) per hour spent in specified ICU

Private Patient Service Adjustment

Varies by DRG

Private Patient Accommodation
Adjustment

Varies by jurisdiction

The Acute model also applies a Hospital Acquired Complications (HAC) adjustment to reduce the funding of
an episode where a HAC is present. A review of HACs is out of scope for this review.

3 National Efficient Price Determination 2019-20, March 2019, Independent Hospital Pricing Authority
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4.3.1 Analysis of potential adjustments

Table 3 below summarises the variables for consideration after removing variables that were not appropriate
for developing adjustments.

Table 3: Summary of Acute admitted variables for consideration

Variable

Potential for

Variable Data quality Cost Ratio Other comments new
Importance A
adjustment
Marital status Incomplete No
Type of usual accommodation Incomplete No
Type of accommodation prior to
o % Incomplete No
admission
Previous specialised treatment | ¥  Incomplete No
Source of Referral to Public
x  Incomplete No
Psych
Number of leave periods x  Biased data No
Differences occurin
Urgency of Admission v Ok v High . . No
missing" categories
No material
Sex v Ok x Low . No
differences
Some evidence of o
L i This will be correlated
Total psychiatric care days v Ok x Low differences at number with LOS No
of psycdays
Correlated to DRG
Admission weight v Ok v" Medium No clear trend No
structure for neonates
Correlated to DRG
Duration of continuous Main differences occur [structure and hmv >0
. v Ok x Low o . No
ventilatory support in "missing" category |already have cost ratio
<1
No clear trend/reason
Country of birth v Ok v" Medium for observed No
differences
Some evidence, but Not necessarily
Mode of separation 4 Ok 4 High maybe correlated with [unavoidable cost No
admission mode difference.
Not necessarily
unavoidable cost
Hospital in home days v Ok x Low Some evidence . No
difference, and
correlated with LOS.
Expect some
correlation with mental
Mental health legal status v Ok v" Medium Some evidence health DRGs. Maybe
Furthermore, AMHCC
flagged for use soon
Mode of admission v Ok v' Medium Some evidence Maybe
Years of age v Ok v High Some evidence Yes

We observed the following:

e Some variables had a high proportion of missing values (or in the case of the number of leave periods,
missing values heavily biased towards certain jurisdictions). These were removed and the remainder
used in the variable importance analysis and cost ratio analysis.

e The variable importance analysis showed that three variables — urgency of admission, mode of
separation and age (in years) — consistently demonstrated a high level of discriminatory power in
explaining variations in cost ratio. Further results from the variable importance analysis is provided in

Appendix F
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e The country of birth variable exhibited some discriminatory power, though the cost ratio analysis did not
show any clear trends for the under-priced groups and as such we would not recommend using this to
develop an adjustment. This was the only variable available on the activity data to consider culturally and
linguistically diverse (CALD) patients and previous costing studies also identified a lack of nationally
consistent CALD indicators (and did not recommend any adjustments at the time). We have not
considered CALD patients further given the lack of consistent indicators available.

e There appear to be systematic differences in cost ratios for the following variables: mental health legal
status, mode of admission, age (in years), as shown in Figure 25 below. In particular:

o Patients who were transferred from another hospital or admitted due to a change in episode type are
under-priced (cost ratio greater than 1). This is consistent across the three years.

o Patients where the mental health legal status was classified as involuntary or voluntary are under-
priced in NEP18 and NEP19, although not in NEP17.

o Younger children (aged 1 to 7 years) tend to be over-priced while older children (aged 8 to 18 years)
are under-priced. We note that there is already a paediatric adjustment in the Acute model, although
this only applies for specialist paediatric hospitals and does not discriminate between children of
different ages.

o Older people (aged 65 and over) tend to be under-priced — this is offset by an over-pricing of the
population aged 19 to 64.

Figure 25: Cost ratios by Acute admitted variables

Cost Ratios by Admission Mode Cost Ratios by Mental Health Legal Status
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e There were also systematic differences in cost ratios for Hospital In The Home (HITH) days, psychiatric
care days and mode of separation. We note that HITH days or psychiatric care days will be correlated
with length of stay for which there is an intentional over- and under-pricing of short and long stay
episodes respectively in accordance with the pricing philosophy and design of the base model (Section 3).
As such we did not consider these to be legitimate and unavoidable differences.
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After taking into account both quantitative and qualitative factors, we consider that there is strong evidence
for adding a new adjustment by age.

Although there is also some evidence for considering mode of admission and mental health legal status,
however further consultation with jurisdictions may be required before adopting these as adjustments.

e For mode of admission, IHPA and its stakeholders will need to consider whether any changes in
incentive for patient transfer may be introduced through this adjustment.

e For the mental health legal status variable (which may be correlated with the existing DRG
classification system), IHPA should also consider whether an adjustment should be introduced given
the planned transition to the Australian Mental Health Care Classification system (AMHCC) in the
near future, which may remove such cost differences.

4.3.2 Proposed new adjustments

Following on from the observations above, we propose to include an age adjustment of +3% for
patients aged 65 years or above.

The size of this adjustment was selected using the regression approach that is consistent with the approach
used to derive other adjustments (e.g. remoteness).

We have not added an a