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Executive summary 
Purpose 
This document has been produced as an accompaniment to the National Efficient Price 2018-19 
(NEP18) and the National Efficient Cost 2018-19 (NEC18) Determinations. It provides the 
technical specifications for how the Independent Hospital Pricing Authority (IHPA) developed the 
hospital acquired complication (HAC) funding approach and risk adjustment methodology, which 
will be in effect from 1 July 2018. It also provides guidance to hospitals, Local Hospital Networks 
(LHN) and state and territory health authorities on how to apply these to hospital activity. 

Risk adjustment 
The August 2016 Ministerial Direction required IHPA to develop a risk adjustment methodology 
‘to consider different patient complexity levels or specialisation across jurisdictions and 
hospitals’.  

This approach is also relevant to risk adjustment for safety and quality where the objective is to 
provide funding signals so that hospitals can take action to reduce systemic risks related to the 
delivery of care. Some patients will be at higher risk of adverse events due to factors such as 
their age and the presence of other comorbidities. The design of risk adjustment for safety and 
quality has to balance two perspectives, namely that:  

• Hospitals that treat more high-risk patients should not be disadvantaged compared to 
hospitals that treat fewer such patients.  

• However, from the perspective of patients, high-risk patients want assurance that hospitals 
take all necessary action to manage their risks and mitigate the occurrence of any adverse 
events.  

This means that risk adjustment should not discount away or fully adjust for the higher risks 
experienced by some patients. 

The risk adjustment model is built on a logistic regression model for each HAC. To ensure each 
risk factor is assessed in an effective and timely manner, IHPA has established multiple stages 
for the development of the model and assessment of each of the risk factors. This assessment 
involved: 

• Seeking clinical advice on the appropriateness of the proposed risk factors; 
• Preliminary assessment to determine whether there was adequate volume of information to 

allow for their use; and 
• Assessing the statistical performance of the risk factor in predicting the occurrence of a HAC. 

Full details of the risk adjustment model are provided in Section 3. 

Episodes were then classified into complexity groups for the purposes of dampening and funding 
adjustments. Three complexity groupings of “Low”, “Moderate” and “High” have been adopted to 
provide an optimal balance between complexities, risk homogeneity and sample size within each 
group. Further details are provided in Section 4. 
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Incremental cost of a HAC 
The funding approach for HACs requires that the funding level for all HACs across every hospital 
be reduced to reflect the extra cost of a hospital admission with a complication. This additional 
cost may be as a result of a more complex episode of stay, or due to an increase in the length of 
stay than would have otherwise occurred. It is necessary then to determine the value of only the 
incremental cost relating to the HAC and use this as the basis of the funding adjustment. 

The methodology used to determine the incremental cost of a HAC uses similar principles to that 
adopted for the national cost models, in that it uses linear regression to predict the cost of an 
episode. The episode’s DRG and length of stay were adopted in the predictive model as these 
characteristics represented the most significant cost drivers. 

Overall, HAC episodes had an 8.8% higher cost compared to non-HAC episodes (or a cost ratio 
of 1.088). Table 1 shows the incremental costs for all HACs as well as by HAC group. 

Table 1: Incremental cost adjustments by HAC group 

Complication 
Final 

incremental 
cost 

Adopted 
adjustment 

 All HACs 8.8% 8.1% 

1 Pressure injury 14.3% 12.5% 

2 Falls resulting in fracture or other intracranial injury 2.5% 2.4% 

3 Healthcare associated infection 9.0% 8.3% 

4 Surgical complications requiring unplanned return to theatre 14.2% 12.4% 

5 Unplanned intensive care unit admission n/a n/a 

6 Respiratory complications 18.3% 15.5% 

7 Venous thromboembolism 13.0% 11.5% 

8 Renal failure 27.0% 21.3% 

9 Gastrointestinal bleeding 10.7% 9.7% 

10 Medication complications 8.7% 8.0% 

11 Delirium 10.2% 9.2% 

12 Persistent incontinence 2.6% 2.5% 

13 Malnutrition 6.7% 6.3% 

14 Cardiac complications 11.8% 10.5% 

15 Third and fourth degree perineal laceration during delivery n/a n/a 

16 Neonatal birth trauma n/a n/a 

Note: figures have been rounded to 1 decimal place 

The final incremental costs for each HAC are then converted into adjustments which will be 
applied to the NWAU through the use of the formula: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 1 −
1

1 + 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
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Dampening factors 
The 29 August 2016 direction to IHPA stated that pricing and funding approaches should 
balance the likelihood that some patients will be at higher risk of experiencing an adverse event. 
This has been addressed by the construction of dampening factors that vary depending on the 
episode’s complexity, or risk, of a particular HAC occurring. Section 6 provides further details on 
the quantile cut off points, dampening factors and adjustment factors for each of the HAC 
groups. 

Funding adjustment 
The following steps are used to determine the adjustment: 

i. Calculate the overall complexity score for each HAC in an episode by summing the 
complexity scores derived from each risk factor variable relevant to each HAC.  

ii. Assign a complexity group for each HAC based on the complexity score using the 
quantile cut off points. 

iii. Apply the adjustment relevant to each HAC based on the assigned complexity group. If 
an episode contains more than one HAC, then the maximum adjustment is used for the 
funding adjustment (regardless of the complexity of the HAC). 

iv. Calculate the final safety and quality adjusted NWAU, calculated as: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 −  𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 × 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 

 

The adjustments have been designed and calculated at an episode level allowing for aggregation 
to a jurisdiction, LHN or hospital level to determine the aggregate impact. 
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1. Introduction 

1.1 Purpose 
This document has been produced as an accompaniment to the National Efficient Price 2018-19 
(NEP18) and the National Efficient Cost 2018-19 (NEC18) Determinations. It provides the 
technical specifications for how the Independent Hospital Pricing Authority (IHPA) developed the 
hospital acquired complications (HAC) funding approach and risk adjustment methodology, 
which will be in effect from 1 July 2018. It also provides guidance to hospitals, Local Hospital 
Networks (LHN) and state and territory health authorities on how to apply these to hospital 
activity. 

1.2 Background 
In April 2016, all Australian governments signed a Heads of Agreement that committed to 
improve Australians’ health outcomes and decrease avoidable demand for public hospital 
services through a series of reforms including the development and implementation of funding 
and pricing approaches for safety and quality. 

The commitment by governments to pricing for safety and quality follows a four-year work 
program jointly undertaken by IHPA and the Australian Commission on Safety and Quality in 
Health Care (the Commission) to undertake research and develop options for incorporating 
safety and quality into the Pricing Framework. One of the outcomes of this collaboration was the 
development, through a clinician-led process, of an agreed Australian list of hospital acquired 
complications (HACs). 

In August 2016, the then Commonwealth Minister for Health and Aged Care, acting under 
subsection 226(1) of the National Health Reform Act 2011 directed IHPA to advise the COAG 
Health Council on an option or options for a comprehensive and risk adjusted model to 
determine how funding and pricing could be used to improve patient outcomes across three key 
areas: sentinel events, HACs and avoidable hospital readmissions. 

Informed by feedback from the Consultation Paper on the Pricing Framework 2017-18, on 30 
November 2016 IHPA provided advice to the COAG Health Council on options for the integration 
of safety and quality into public hospital pricing and funding models. 

In February 2017, the Commonwealth Minister for Health directed IHPA to undertake 
implementation of three recommendations of the COAG Health Council relating to sentinel 
events, HACs and avoidable readmissions.  IHPA’s decisions in relation to this were set out in 
the Pricing Framework for Australian Public Hospital Services 2017-18. 

For HACs, this included that, consistent with the Ministerial Direction, IHPA will reduce the 
funding level for all HACs across every hospital to reflect the extra cost of a hospital admission 
with a complication by 1 July 2018, subject to the results of a shadow year from 1 July 2017. 

In implementing this approach, IHPA was directed to: 

i. Further refine the risk adjustment methodology prior to 1 July 2017; 

ii. Shadow the implementation of the HACs model to assess the impact on funding, data 
reporting, clinical information systems, and specific population and peer hospital groups; 
and 
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iii. Conduct public consultation on the findings of the shadow implementation and report to 
the COAG Health Council by 30 November 2017. 

1.3 Risk adjustment for Hospital Acquired Complications 
Furthermore, the August 2016 Ministerial Direction required IHPA to develop a risk adjustment 
methodology ‘to consider different patient complexity levels or specialisation across jurisdictions 
and hospitals’.  

The Pricing Framework includes adjustments to the National Efficient Price (NEP) that are 
intended ‘to reflect legitimate and unavoidable variations in the costs of delivering health care 
services’ (Clause A131(d) of the National Health Reform Act 2011). This is intended to ensure 
that hospitals are not unfairly penalised if they experience higher costs due to factors that are 
largely outside their control. IHPA’s Pricing Guidelines stipulate that adjustments to the price 
should, as far as practicable, be based on patient-related rather than provider-related 
characteristics.  

This approach is also relevant to risk adjustment for safety and quality where the objective is to 
provide funding signals so that hospitals can take action to reduce systemic risks related to the 
delivery of care. Some patients will be at higher risk of adverse events due to factors such as 
their age and the presence of other comorbidities. The design of risk adjustment for safety and 
quality has to balance two perspectives, namely that:  

i. Hospitals that treat more high-risk patients should not be disadvantaged compared to 
hospitals that treat fewer such patients. 

ii. However, from the perspective of patients, high-risk patients want assurance that hospitals 
take all necessary action to manage their risks and mitigate the occurrence of any adverse 
events.  

This means that risk adjustment should not discount away or fully adjust for the higher risks 
experienced by some patients. The most suitable approach to risk adjustment for safety and 
quality may vary according to the measure being used (for example, sentinel events, HACs and 
avoidable hospital readmissions). 

Pricing and funding approaches should balance the likelihood that some patients will be at higher 
risk of experiencing an adverse event while ensuring that all hospitals have ongoing 
responsibility to mitigate risks, to reduce and manage any negative impacts for all patients, and 
to improve safety and quality systemically. 

IHPA’s initial advice to COAG Health Council in November 2016 included a preliminary risk 
adjustment approach for HACs based on a patient’s age, as this is the single biggest predictor of 
the likelihood of someone incurring a HAC. 

Since February 2017 IHPA has worked with a range of stakeholders including jurisdictions, 
clinicians and technical experts to refine the risk adjustment methodology. This has included 
consideration of a broad range of patient factors in the model, as well as the technical approach 
to funding adjustments and testing of the model to ensure that it balances the two perspectives 
described above. 

The final proposed model was released for consultation in July 2017, and has now been finalised 
for NEP18. 
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2. Data preparation 

2.1 Overview 
The development of the risk adjustment model and funding adjustments for HACs utilised 
hospital activity and cost data related to acute admitted separations.  

Two years of hospital activity data were used to develop the risk adjustment model, using the 
admitted patient care (APC) datasets for the 2014-15 and 2015-16 years. These datasets 
contained episode level information about the hospital, patient and importantly, diagnoses 
information which allowed for HAC identification. 

Hospital cost data was also utilised to develop the modelling which determines the incremental 
cost of a HAC. This data was sourced from the 2014-15 and 2015-16 National Hospital Cost 
Data Collection (NHCDC).  

These data sources are summarised in Table 2. 

 
Table 2: Data used for the development of pricing for Hospital Acquired Complications1 

Data source Risk adjustment model Incremental cost model 

APC1415 Yes Yes 

APC1516 Yes Yes 

NHCDC1415 No Yes 

NHCDC1516 No Yes 

2.2 Identification of HACs 
Fundamental to the development of the risk adjustment model and funding adjustments was the 
list of the HACs which were to be considered in the modelling. In 2012, the Commission and 
IHPA established a joint working group and over the years have refined and developed the 
current list of hospital acquired complications (the HAC list).  

All the work undertaken for the development of pricing for HACs has utilised the HAC list as at 
October 2016. This list contains 16 HACs summarised in Table 3. A full list of all HACs and 
identifying diagnoses is available on the Commission’s website2.  

There are two key pieces of information required in order to determine the presence of a HAC in 
a hospital separation: the diagnosis code and the condition onset flag. The diagnosis code is 
recorded using the International Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision, Australian Modification (ICD-10-AM) under the edition which is 
relevant to the year’s data collection.  

                                                
1 Details on these datasets can be found at: https://www.ihpa.gov.au/what-we-do/data-specifications  
2 https://www.safetyandquality.gov.au/our-work/information-strategy/indicators/hospital-acquired-complications/ 
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Each associated diagnosis code in the diagnosis array will also have an associated condition 
onset flag (COF), which identifies whether condition arose during the episode of care or not. This 
information is critical in determining whether the complication was indeed acquired in the hospital 
episode for the purpose of correctly identifying a HAC. 

 

Table 3: List of hospital acquired complications 

No. Complication 

1 Pressure injury 

2 Falls resulting in fracture or other intracranial injury 

3 Healthcare associated infection 

4 Surgical complications requiring unplanned return to theatre 

5 Unplanned intensive care unit admission 

6 Respiratory complications 

7 Venous thromboembolism 

8 Renal failure 

9 Gastrointestinal bleeding 

10 Medication complications 

11 Delirium 

12 Persistent incontinence 

13 Malnutrition 

14 Cardiac complications 

15 Third and fourth degree perineal laceration during delivery 

16 Neonatal birth trauma 

Although the HAC list from the Commission includes HAC05: unplanned intensive care unit 
admission, this currently cannot be measured. This is because the information that is required to 
identify an unplanned intensive care unit admission is not collected in the current dataset 
specification and thus cannot be identified. 

2.3 Hospital level trimming 
In order to develop a robust risk adjustment model, the APC data was trimmed such that only 
records which were of a certain quality and reflective of hospital experience would be included in 
the modelling dataset. It was particularly important to understand and only retain records from 
hospitals which had a high quality of COF reporting. This process was carried out at a hospital 
level.  

Three rules were developed to identify whether a hospital would be trimmed: 

i. Hospitals with fewer than 100 episodes were trimmed. This removed low volume 
hospitals where it is not possible to determine the quality of COF reporting. 
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ii. Hospitals where less than 1 per cent of episodes contained conditions arising in the 
hospital (i.e. where less than 1 per cent of records had a COF = ‘1’ for any diagnosis). 
This removed hospitals deemed to have unusually few episodes with any condition 
arising during episode. 

iii. Hospitals where more than 10 per cent of episodes had no reported COF (i.e. where 
more than 10% of episodes only reported COF = ‘9’ for all diagnoses). This removed 
hospitals deemed to have poor quality COF reporting due to the high proportion of 
unknown onset statuses. 

This process resulted in 216 hospitals (out of 679 public hospitals) being trimmed for 2014-15 
and 215 hospitals (out of 673 public hospitals) being trimmed for 2015-16, accounting for 
149,589 episodes (or 2.7%) for 2014-15 and 159,354 episodes (or 2.7%) for 2015-16. 

2.4 Episode trimming  
In addition to hospital level quality trimming, a number of records were trimmed based on 
characteristics related to the episode of care. These records were trimmed to ensure that their 
inclusion did not reduce the robustness of the risk adjustment model as some types of 
admissions would not be expected to receive a HAC. These trimmed records generally fell into 
three categories. 

The first category included episodes which were considered to be outliers after discussions with 
risk adjustment experts Professors Scott and Yong, who advised that their inclusion would 
disproportionately skew the risk adjustment model and included: 

• Long stay patients – patients with a length of stay greater than 200 days; 
• Patients over 95 years old; and 
• Episodes where the patient died. 

The second category included episodes which were trimmed as it was advised by the 
Commission that the admission characteristics could not lead to a HAC or that they were 
generally not representative for the purpose of determining the probability of a HAC occurring. 
This category included: 

• Episodes relating to a mental health admission (since there are no mental health HACs 
currently present); 

• Episodes classified as same-day dialysis, chemotherapy or radiotherapy, on the basis that 
these are high volume, same-day episodes with very low HAC counts and have the potential 
to ‘wash’ out the analysis; and 

• Episodes from rehabilitation, mothercraft, psychiatric, other non-acute and unpeered 
hospitals. These hospitals had a very low prevalence of HAC and were selected for trimming. 

The final category related to decisions around which episodes were considered in-scope for the 
purpose of developing the risk adjustment model and calculating the funding adjustments. These 
episodes were trimmed if they were: 

• Episodes not from ABF public hospitals (i.e. private or block funded hospitals); 
• Episodes with error or ungroupable DRGs. 

The number of episodes trimmed for the 2014-15 and 2015-16 activity data as a result of each 
step is summarised in Table 4. 
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Table 4: Summary of trimmed episodes for the 2014-15 and 2015-16 activity data 

 Number of records 
2014-15 

Number of records 
2015-16 

Total episodes 5,808,501 6,066,795 

Trimming due to:   

 Non-public hospitals 137,106 196,554 

Hospital quality trimming:   

 Stage 1: low volume 4,628 5,399 

 Stage 2: COF = 1 less than 1% 144,961 132,901 

 Stage 3: COF = 9 greater than 10% - 21,054 

Error DRGs 1,874 1,751 

Mental health trimming 169,636 107,611 

Peer group trimming 8,932 9,180 

Non-ABF hospital trimming 197,254 218,908 

Same-day dialysis trimming 1,042,220 1,065,853 

Same-day chemotherapy trimming 171,312 196,600 

Patient over 95 trimming 12,748 13,308 

Death trimming 33,202 32,319 

Long stay patient trimming 148 136 

Same-day radiotherapy trimming 10,340 10,969 

Total episodes remaining (untrimmed) 3,874,140 4,054,252 

% of episodes trimmed from public hospitals 31.7% 30.9% 

2.5 Distribution of HACs 
The number of HACs identified after trimming is presented in Table 5. The total number of 
episodes identified with a HAC was 103,004  and 106,957 for 2014-15 and 2015-16 respectively. 
This equates to approximately 2.65% of untrimmed episodes for each year. 

The number of episodes identified for each HAC group is also shown. It is worth noting that as 
an episode may have multiple HACs, these episodes have been counted more than once (in 
their respective HAC groups) and thus the total will be less than the sum of the individual HACs. 
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Table 5: Number of HACs for 2014-15 and 2015-16 

No. Complication 2014-15 2015-16 

 Total episodes with a HAC 103,004 106,957 

 Number of episodes with:    

1 Pressure Injury 2,253 2,762 

2 Falls resulting in fracture or other intracranial injury 1,032 1,089 

3 Healthcare associated infection 43,100 44,684 

4 Surgical complications requiring unplanned return to theatre 7,949 8,127 

5 Unplanned intensive care unit admission n/a n/a 

6 Respiratory complications 7,202 7,559 

7 Venous thromboembolism 2,466 2,491 

8 Renal failure 576 561 

9 Gastrointestinal bleeding 4,423 4,487 

10 Medication complications 9,803 10,765 

11 Delirium 16,525 17,616 

12 Persistent incontinence 2,517 2,568 

13 Malnutrition 3,666 4,095 

14 Cardiac complications 24,608 24,757 

15 Third and fourth degree perineal laceration during delivery 5,743 5,665 

16 Neonatal birth trauma 458 549 
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3. Risk adjustment model 

3.1 Overview 
This section outlines the methodology to develop the risk adjustment model introduced in Section 
1.3 and the risk factors adopted. Overall the risk adjustment model predicts the probability of a 
specific HAC occurring within an episode of care. A patient with a higher probability of receiving 
a HAC is then expected to be at a “higher risk”. 

For the NEP18 Determination, the approach was to start with the same factors as the model 
developed for consultation presented in the Technical Attachment in July 2017. That is, the 
model was not completely re-fit using the stepwise regression and this model contains the same 
number of risk factors. Checks were carried out to ensure that the risk factors were still 
significant. 

The key change for the risk adjustment model is that it has been updated using DRG version 9 to 
be consistent with the acute admitted national cost model (compared to the risk adjustment 
model presented in the Technical Attachment in July 2017 which used DRG version 8). A shift to 
the new DRG version 9 has impacted the MDC and DRG type model parameters, which have 
been updated to reflect the new DRG version.  

3.2 Risk factors  
IHPA has undertaken an extensive consultation process with the Commission, IHPA’s Clinical 
Advisory Committee (CAC) and jurisdictions to assist in investigating potential risk factors for 
HACs.  

Empirical evidence suggested that patient age was a strong predictor for the probability of the 
presence of a HAC. Thus, preliminary risk adjustment modelling utilised the patient age as the 
only risk factor in the risk adjustment model (the age only model). This model was conceptually 
simple and easy to explain; however, it was believed that other risk factors existed which may 
significantly impact the chance of a particular patient acquiring a HAC which should be 
considered in the model.  

Furthermore, a risk adjustment model that only considered age did not appear to adequately 
adjust for specialist paediatric and tertiary hospitals. IHPA sought consultation from the 
Commission and the CAC regarding risk factors that should be considered in a refined model. 
Table 6 outlines the various risk factors investigated in the model presented for consultation in 
the Technical Attachment in July 2017.  
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Table 6: List of potential risk factors for investigation 

All HACs HAC-specific factors 

Patient age Liver disease (HAC04) 

Gender Heart failure (HAC07) 

MDC  Myocardial infarction (HAC07) 

DRG type (Medical, Surgical, other) Stroke with immobility (HAC07) 

Intensive care unit status  Cardiovascular disease (HAC08) 

Presence of another HAC Malignancy (HAC08) 

Patient Indigenous status Mechanical ventilation (HAC09) 

Patient remoteness Parkinson’s disease (HAC13) 

Patient SEIFA3 Dementia (HAC13) 

Transfer status Dystocia (HAC16) 

Chronic disease count  

Highly specialised procedures  

Admission status   

Length of stay  

Charlson score4  

3.3 Model construction  
The risk adjustment model is built on a logistic regression model for each HAC. To ensure each 
risk factor is assessed in an effective and timely manner, IHPA has established multiple stages 
for the development of the model and assessment of each of the risk factors. This assessment 
involved: 

i. Seeking clinical advice on the appropriateness of the proposed risk factors; 

ii. Preliminary assessment to determine whether there was adequate volume of information 
to allow for their use; and 

iii. Assessing the statistical performance of the risk factor in predicting the occurrence of a 
HAC. 

3.3.1 Clinical advice  
Clinical advice was essential during the development of the HAC risk adjustment model as it 
provides a practical perspective on the stepwise logistic regression model. IHPA sought the 
advice of the CAC at various points during the development of the model on the choice of risk 

                                                
3 Socio-Economic Indexes for Areas (SEIFA) is a product developed by the ABS that ranks areas in Australia 

according to relative socio-economic advantage and disadvantage. 
http://www.abs.gov.au/websitedbs/censushome.nsf/home/seifa 
4 The Charlson index is a score that predicts the one year mortality for a patient with a range of specific comorbidities. 



Risk Adjustment Model for Hospital Acquired Complications v3 17 

factors, first for broad consideration and exploration, and then following statistical analysis, for 
finalisation of the model. 

This included advice in relation to the potential use of length of stay and presence of another 
HAC as risk factors within the model. Advice from the CAC was that the lines of causation and 
correlation between these risk factors and HACs were blurred, and that it was not appropriate to 
include them within the model. For example, an episode with a higher length of stay has a higher 
exposure to risk receiving a HAC (correlation) however conversely, the episode may have a 
longer length of stay due to a HAC occurring (causation). Risk factors that were deemed 
unviable due to clinical advice were removed before the subsequent stages.  

3.3.2 Overall risk factor significance   
A stepwise selection methodology was adopted in the final proposed model at July 2017 to test 
and select the risk factors which were included in the logistic regression model. The stepwise 
selection methodology involves starting with a model with no variables and then iteratively 
adding each risk factor that provides the highest statistically significant improvement to the 
model.  Variables are added to the model in an iterative approach: 

i. Independent Assessment: Chi-squared statistics are calculated and used to test the 
hypothesis that a risk factor, not already in the model, has no effect given other 
variables already included in the model. For the first iteration, there are no variables 
other than the intercept term. For subsequent iterations, the variables included are 
those that were selected in previous steps. 

ii. Stepwise Selection: The risk factor that is statistically significant with the highest chi-
squared statistic is added to the model. Variables cease being added once there are 
no other risk factors that meet the significance criteria for inclusion in the model. 

As previously discussed, the risk adjustment model developed for the NEP18 Determination was 
not re-fit using stepwise selection. 

3.3.3  Individual parameter assessment  
The individual parameter assessment investigates if there are any further potential refinements 
to each logistic regression model through examining the statistical performance of each class 
within the risk factors. The classes within each risk factor were assessed under a number of 
criteria including:  

• The statistical significance of each parameter (0.05 threshold was adopted); 
• The statistical estimates of a class compared with subsequent classes (i.e. are there 

overlaps between confidence intervals indicating potential groupings of parameters);  
• Analysing trends in overall estimates within the risk factors and comparing them to clinical 

expectations; and 
• Impact on model performance. 

This is an iterative assessment where various scenarios of different groupings of parameters are 
investigated.  

The groupings adopted for the risk adjustment model are consistent with those adopted for the 
final proposed model for consultation. Checks were carried out to ensure the model parameters 
remained statistically significant. 

3.3.4 Parameter impacts 
The prior sections in the model construction provide a methodology to assess the various risk 
factors for each HAC in an autonomous fashion. This section provides a period for reassessment 
of the impacts for each risk factor with the objective to optimise the statistical performance and 
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reduce the overall complexity of each logistic regression model. Risk factors were assessed 
against a number of criteria including:  

• Complexity of identification (e.g. are there any interaction effects between remoteness and 
Indigenous); 

• The consistency of the risk factor across each HAC model (i.e. how prominent each risk 
factor is across the HAC logistic regression models);  

• The odds ratio for each of the parameters; and  
• Impact on model performance if specific risk factors were removed.  

3.4 Assessment of model fit 

3.4.1 Receiver Operating Characteristic Curve 
A Receiver Operating Characteristic (ROC) curve is a statistical method that evaluates a model’s 
ability to predict a binary outcome; in this context it is the occurrence of a HAC during an episode 
of care. The ROC Curve graphically compares the true positive rate to the false positive rate.  

• True positive rate: The rate at which the model correctly predicts a positive outcome; 
• False positive rate. The rate at which the model incorrectly predicts a positive outcome. 

An optimal model would aspire to maximise its true positive rate and minimise its false positive 
rate (i.e. maximise the area under the curve).  

 
Figure 1 illustrates the ROC curve for the final complexity model relative to an age only model 
for HAC03: Healthcare Associated Infections.  
Figure 1: HAC03 - Healthcare Associated Infections - ROC Curve 

 
As illustrated in the figure above, the complexity model (0.86) outperforms the age only model 
(0.66) indicating it contains higher predictive capabilities and performance. Appendix A provides 
the ROC curve for each HAC complexity model.  

3.5 Perineal lacerations and neonatal birth trauma 
IHPA encountered difficulties in modelling for HAC15: Perineal lacerations and HAC16: Neonatal 
Birth Trauma. More detail regarding the treatment of perineal lacerations and neonatal birth 
trauma is provided in Section 8.2. 
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3.6 Results 
Table 7 outlines the individual risk factors utilised for each HAC logistic regression model.  

Table 7: Final risk factors adopted for each HAC group 
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Admission Status              

Patient Age              

MDC              

ICU Status              

DRG Type              

Charlson Score              

Gender              

Transfer Status              
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4. Complexity scores 

4.1 Overview 
This section outlines the methodology to transform the risk adjustment model into a set of 
complexity scores and assign a complexity group to each episode of care. As separate risk 
adjustment models have been developed for each HAC, an episode would be assigned different 
complexity scores for each HAC. That is, each episode can have a set of 13 complexity scores 
calculated using the various risk factor variables (corresponding to the 13 risk adjusted HAC 
groups Table 7). 

4.2 Complexity score conversion 
The complexity score parameters are derived from the logistic regression estimates and 
transformed to a score for each risk factor variable. Table 8 provides an illustrative example for 
the derivation of the age group complexity score for HAC02: Falls resulting in facture or other 
intracranial injury.  

Table 8: HAC02 - Falls resulting in fracture or other intracranial injury - Patient Age 
Complexity Scores 

Parameters Group Estimate Complexity Score 

Age group 
  
  
  
  
  
  
  
  
  
  

000 to 040   0 

040 to 049 0.7347 4.0 

050 to 054 0.9136 4.9 

055 to 059 1.0702 5.8 

060 to 064 1.2889 7.0 

065 to 069 1.5894 8.6 

070 to 074 1.6741 9.0 

075 to 079 2.2195 12.0 

080 to 084 2.5716 13.9 

085 to 089 2.7543 14.9 

090 to 095 3.075 16.6 

 

The above table shows that older patients are assigned a higher complexity score. These 
calculations are repeated for each risk factor. The complexity scores are additive, therefore, an 
episode complexity score for a specific HAC is the aggregation of scores across all risk factors. 

To enable comparison across HACs, the complexity scores are derived such that they range 
from 0 to 100, where 0 represents the lowest chance of acquiring that HAC. Zero is set with 
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reference to an extremely low risk profile in the model, and 100 is with reference to an extremely 
high risk profile in the model. Figure 2 illustrates the Non-HAC and HAC complexity profiles for 
HAC10: Medication Complications. Episodes with a HAC are in general assigned a higher 
complexity score. 

Figure 2: HAC10 - Medication Complication - Complexity Profile 

 

4.3 Grouping of complexity scores 
A range of complexity groups were investigated in order to provide balance between having 
enough volume of data for each grouping, the separation between the cut-off points for each 
group and the distribution of complexity scores for HAC separations. A range of options were 
tested, including two, three, five, eight and ten complexity groups. Three complexity groupings of 
“Low”, “Moderate” and “High” have been adopted to provide an optimal balance between 
complexities, risk homogeneity and sample size within each group.   

The complexity bounds for each group were determined by firstly calculating the cumulative 
distribution of probability-weighted episodes for episodes with a HAC. The cut off points are 
calculated as the complexity score that divides the cumulative distribution into 3 quantiles with 
the following additional criteria: 

• A minimum of 100 episodes must be contained within each complexity group;  

• The ratio between probabilities between each group must be at least 1.2.  

 

Figure 3 overlays the complexity bounds selected for HAC10: Medication Complications and the 
corresponding probabilities for each complexity group in the final selected groupings.  
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Figure 3: HAC10 - Medication Complication - Complexity Bounds 

 

Appendix B provides the complete breakdown of complexity scores for each HAC complexity 
model. 
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5. Incremental cost of a HAC 

5.1 Overview 
The funding approach for HACs requires that the funding level for all HACs across every hospital 
be reduced to reflect the extra cost of a hospital admission with a complication. This additional 
cost may be as a result of a more complex episode of stay or due to an increase in the length of 
stay than would have otherwise occurred. 

It is necessary then to determine the value of only the incremental cost relating to the HAC and 
use this as the basis of the funding adjustment. There are a number of challenges to this: 

• In episodes that contain a HAC, it is impossible to identify from the NHCDC cost data, 
what components of the cost directly result from the HAC. 

• The presence of a HAC may increase the length of stay, but it is impossible to determine 
the additional length of stay directly attributable to the HAC in the current data collections 
as there is no record of the date that the HAC occurred. 

• The presence of a HAC may increase the complexity of an episode (resulting in a more 
complex DRG) and this may confound analysis to determine the incremental cost and 
how an episode should be classified. 

The following sections describe the methodology used to determine the incremental cost of a 
HAC and present the resulting factors for use in the funding adjustment. 

5.2 Methodology 
The methodology used to determine the incremental cost of a HAC uses similar principles to that 
adopted for the national cost models, in that it uses linear regression to predict the cost of an 
episode. The episode’s DRG and length of stay were adopted in the predictive model as these 
characteristics represented the most significant cost drivers. Other drivers of avoidable costs 
included in the national cost models, for example remoteness and indigenous status, were not 
included to retain simplicity. These cost drivers may be considered in future refinements of the 
model. 

The 2014-15 activity and cost data were used for the incremental cost model and they were fit 
using untrimmed episodes only (Section 2.3). The approach taken to determining the incremental 
cost can be summarised in the following steps: 

i. A ‘best fit’ model was developed using length of stay by DRG linear regression to predict 
the cost of non-HAC episodes only. This model provides the best estimate for a cost of 
an episode with no HAC occurrence. 

ii. The modelled parameters were then applied to HAC episodes (by DRG and length of 
stay) to calculate a predicted cost for HAC episodes based on the non-HAC information. 
This is the cost predicted for the HAC episode with the same DRG and length of stay, but 
assuming the HAC was not present. 

iii. A cost ratio was then calculated to compare actual in-scope cost to the predicted cost for 
the HAC episodes. 
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𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =  
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

 

Under the hypothesis that a HAC leads to greater cost, it would be expected that the actual in-
scope cost of a HAC episode would be greater than one predicted for a non-HAC episode with 
the same DRG and length of stay. This would result in a cost ratio which is greater than 1.0 for 
HAC episodes. 

This cost ratio formed the basis of the incremental cost calculation and was carried out for all 
HAC episodes in aggregate, as well as each HAC group separately to determine whether the 
incremental cost varied between HAC groups. 

This approach was considered appropriate because of its relative simplicity, using a ‘best fit’ 
model that takes into account the main drivers of cost. Before finalising the incremental cost 
adjustments, some further adjustments were required to improve the overall all results of the 
model. 

5.3 Further adjustments 
Developing the cost ratios for each HAC group, a number of further challenges were discovered, 
which required adjustments to the modelled incremental costs. 

5.3.1 Low volume DRGs and cost ratios less than 1 
The overall HAC rates observed in the 2014-15 activity data were low, and therefore using a 
model fit by DRG meant that HAC rates were very volatile by DRG. Furthermore, some DRGs 
also had a low volume of non-HAC episodes, resulting in greater uncertainty in the modelled 
parameters. 

This resulted in some DRGs where the cost ratio of HAC episodes was less than 1.0 even 
though at an aggregate and HAC group level the cost ratio indicated that HAC separations cost 
more than non-HAC episodes. In addition to this, some DRGs had many more HAC episodes 
compared to non-HAC episodes (for example some of the obstetrics DRGs) which skewed the 
results for the HAC group related to perineal lacerations.  

As a result, the decision was made to trim DRGs where the cost ratio was below 1.0 and 
calculate the cost ratio for the HAC group on the remaining DRGs. 

5.3.2 Treatment of HAC02: Falls resulting in fracture or other intracranial injury 
and HAC12: Persistent incontinence 

These HACs had a very low number of HAC episodes and the resulting incremental cost 
calculations were therefore less robust than the other HAC groups. In particular, the incremental 
cost for HAC episodes, running the model above, was very close to 1.0. The decision was made 
to consider an alternative approach for these HAC groups which involved regrouping the DRG as 
if the HAC had not occurred. As described above, the presence of a HAC has the potential to 
increase the complexity of the episode, increasing the complexity of the DRG. This could result 
in that episode being compared to significantly more costly episodes which were in that DRG for 
reasons other than the HAC.  

Therefore, rather than applying the parameters from the ‘best fit’ model according to the 
recorded DRG, the parameters for the regrouped (and potentially less complex) DRG model 
were applied. This resulted in a lower predicted cost and all else being equal a potentially higher 
cost ratio. 

The argument could be made that the ‘best fit’ model should be parameterised using regrouped 
DRGs for all HAC groups. However, current price weights for the DRGs are developed using a 
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mix of HAC and non-HAC episodes for that DRG and accordingly, the funding adjustment should 
be calibrated using the same DRG assignments. 

5.4 Results 
Table 9 shows the incremental costs for all HACs as well as by HAC group using the trimmed 
DRG and other adjustments as described in Section 5.3. Overall, HAC episodes had a 9.3% 
higher cost compared to non-HAC episodes (or a cost ratio of 1.093). This varied significantly 
between the HAC groups. Due to difficulty in risk adjustment, HAC group 15 and 16 were not 
considered for the risk adjustment model, and subsequently the funding adjustments.  

Table 9: Incremental cost adjustments by HAC group 

Complication 
Final 

incremental 
cost 

Adopted 
adjustment 

 All HACs 8.8% 8.1% 

1 Pressure injury 14.3% 12.5% 

2 Falls resulting in fracture or other intracranial injury 2.5% 2.4% 

3 Healthcare associated infection 9.0% 8.3% 

4 Surgical complications requiring unplanned return to theatre 14.2% 12.4% 

5 Unplanned intensive care unit admission n/a n/a 

6 Respiratory complications 18.3% 15.5% 

7 Venous thromboembolism 13.0% 11.5% 

8 Renal failure 27.0% 21.3% 

9 Gastrointestinal bleeding 10.7% 9.7% 

10 Medication complications 8.7% 8.0% 

11 Delirium 10.2% 9.2% 

12 Persistent incontinence 2.6% 2.5% 

13 Malnutrition 6.7% 6.3% 

14 Cardiac complications 11.8% 10.5% 

15 Third and fourth degree perineal laceration during delivery n/a n/a 

16 Neonatal birth trauma n/a n/a 

Note: figures have been rounded to 1 decimal place 

The final incremental costs for each HAC are then converted into adjustments which will be 
applied to the NWAU through the use of the formula. 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 1 −
1

1 + 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
 

The application of the funding calculation is explained in further detail in Section 7. 
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6. Dampening factors 

6.1 Overview 
The 29 August 2016 Direction to IHPA stated that pricing and funding approaches should 
balance the likelihood that some patients will be at higher risk of experiencing an adverse event. 
This has been addressed by the construction of dampening factors that vary depending on the 
episode’s complexity, or risk, of a particular HAC occurring. 

The episode’s complexity group (low moderate or high, as defined in Section 4.3) is used to risk 
adjust the reduction. For example, an older patient admitted through emergency, and hence a 
higher probability of having a HAC, would not have as great a price reduction as a younger 
patient with a planned admission, and hence a lower probability of having the same HAC. 

This section outlines the methodology adopted by IHPA to derive the dampening factors for each 
HAC. Dampening factors adjust the funding reduction for an episode containing a HAC on the 
basis of the risk of that patient acquiring a HAC. Without dampening, episodes with higher 
complexity scores would be penalised the same amount for the same HAC as those with a lower 
complexity score (by the incremental cost adjustment for the corresponding HAC as discussed in 
Section 5.4). This goes against the intent of the pricing for safety and quality and therefore 
dampening factors have been developed to adjust for the differences in risk of the patient profiles 
for different hospitals. 

In preliminary modelling, dampening factors were determined through age alone. As a more 
refined risk model was developed, this also necessitated the refinement of the methodology used 
to calculate the dampening factors.  

Dampening factors are represented as a set of percentage scores for each complexity group 
which is applied multiplicatively to the percentage reduction in NWAU (i.e. the lower dampening 
factor applied the smaller the reduction in NWAU). Table 10 provides an illustrative example.  

Table 10: Example - Dampening factor calculations 

Complexity Group Percentage Reduction in NWAU 
(a) 

Dampening Factor 
(b) 

Funding Impact’ 
(c) = (a) x (b) 

Low -10% 100% -10% 

Moderate -10% 50% -5% 

High -10% 20% -2% 

The example above shows that all episodes receive the same percentage reduction in NWAU, 
which would be the case if the episodes had the same HAC. However by varying the dampening 
factor, episodes within each group vary as follows:   

• Low complexity group receives a 10% reduction in NWAU; 
• Moderate complexity group receives a 5% reduction in NWAU; and 
• High complexity group receives a 2% reduction in NWAU. 
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A number of different dampening factor methodologies were tested, considering variations on the 
number of complexity groupings and methods to determine the relative probability of a HAC 
derived from the risk adjustment model.  

6.2 Methodology  
The dampening factors were derived by assessing the differences between the cost profiles 
between HAC and non-HAC cohorts in each complexity group. Figure 4 illustrates the cost 
profile for HAC10: Medical Complications.  

Figure 4: HAC10 Medical Complications - Cost profile analysis 

 

Figure 4 shows the cost differential between HAC and non-HAC cohorts. The red lines show the 
average cost per Gross Weighted Activity Unit (GWAU) for the HAC cohorts (the dotted line 
representing a smoothed average cost within the complexity group). The blue lines show the 
equivalent average cost per GWAU for the non-HAC cohorts. The NEP17 Determination was 
used to calculate the GWAU. 

It was observed that the differential between the HAC and non-HAC cohorts differed depending 
on the complexity group, and that this differential reduced as the complexity increased (as 
demonstrated by the converging lines). 

The differentials in the average cost per GWAU forms the basis for determining the dampening 
factors in the following way: 

• Episodes belonging to the lowest complexity group receive no dampening, that is, these 
episodes receive the full funding adjustment for that HAC. 

• The dampening factors for episodes that are in moderate or high complexity group are 
calculated by dividing the cost differential in that group by the cost differential in the lowest 
complexity group. That is, the cost differential in the lowest complexity group are used as a 
benchmark against which the moderate and high complexity groups are compared. 

Table 11 shows an example calculation of the dampening factors and final adjustment to be 
applied for HAC 10 Medical Complications. The dampening factor is calculated by using the cost 
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differential for the lowest complexity group as a benchmark. These are then multiplied by the 
incremental cost adjustment for this HAC (8.0%) to derive the final adjustment. 

Table 11: Dampening factor calculation for HAC10 Medical Complications 

Complexity 
Group %

𝑯𝑯𝑯𝑯𝑯𝑯 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑
𝒏𝒏𝒏𝒏𝒏𝒏 −𝑯𝑯𝑯𝑯𝑯𝑯 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

 Dampening factor Adjustment after 
dampening 

Low 20.09% 1.00 1.000 x 0.080 = 0.080 

Moderate 9.36% 9.36%
20.09%

= 0.466 0.466 x 0.080 = 0.037 

High 3.98% 3.98%
20.09%

= 0.198 0.198 x 0.080 = 0.016 

6.3 Results 
Table 12 summarises the quantile cut off points, dampening factors and adjustment factors for 
each of the HAC groups. 

The cut off points represent the lowest complexity score required to be assigned to a complexity 
group. For example, for medication complications, episodes with a complexity score: 

• greater than or equal to 71 are considered in the high complexity group;  
• between 65 to 70 (inclusive) are considered in the moderate complexity group; and 
• less than 65 are considered in the low complexity group. 

The sizes of the dampening factors have been derived from empirically observed cost 
differentials and as such the dampening factors can vary between the different complexity and 
HAC groups.
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Table 12: Final adopted quantile cut off points, dampening factors and adjustments after dampening 
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Quantile cut off points 

Low  1 1 1 1 1 1 1 1 1 1 1 1 1 

Moderate 67 54 76 72 75 64 68 62 65 74 57 66 77 

High 73 61 83 76 81 69 71 69 71 80 64 72 81 

Dampening Factors 

Low  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Moderate 0.365 0.520 0.180 0.564 0.591 0.720 0.352 0.761 0.466 0.746 0.833 0.763 0.750 

High 0.309 0.178 0.105 0.515 0.417 0.539 0.304 0.661 0.198 0.581 0.608 0.610 0.580 

Adjustments 

Low  12.5% 2.4% 8.3% 12.4% 15.5% 11.5% 21.3% 9.7% 8.0% 9.2% 2.5% 6.3% 10.5% 

Moderate 4.6% 1.2% 1.5% 7.0% 9.1% 8.3% 7.5% 7.4% 3.7% 6.9% 2.1% 4.8% 7.9% 

High 3.9% 0.4% 0.9% 6.4% 6.4% 6.2% 6.5% 6.4% 1.6% 5.4% 1.5% 3.8% 6.1% 
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7. Funding adjustment  

7.1 Overview  
This section outlines the methodology that was adopted to combine the incremental cost of a 
HAC (Section 5) and dampening factors (Section 6) into a set of funding adjustments. The 
funding adjustments are ultimately applied as a percentage reduction to the NWAU for an 
episode where a HAC is present.  

These adjustments also take into account the complexity profile of each episode as they are 
modified for each complexity group (low, moderate or high) to ensure an equitable adjustment to 
public hospitals relative to their patient risk profile.  

7.2 Methodology  
The following steps are used to determine the adjustment: 

i. Calculate the overall complexity score for each HAC in an episode by summing the 
complexity scores derived from each risk factor variable relevant to each HAC (Section 
4.2). 

ii. Assign a complexity group for each HAC based on the complexity score using the 
quantile cut off points. 

iii. Apply the adjustment relevant to each HAC based on the assigned complexity group. If 
an episode contains more than one HAC, then the maximum adjustment is used for the 
funding adjustment (regardless of the complexity of the HAC). 

iv. Calculate the final safety and quality adjusted NWAU as: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 −  𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 × 𝑎𝑎𝑑𝑑𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 

 

As discussed in Section 4, it is possible for an episode to have a different complexity score 
relating to each different HAC. Furthermore, since each HAC group has a different set of quantile 
cut off points, it is possible for the same episode to be considered a low complexity group for one 
HAC and a moderate or high complexity for another HAC. Thus, in step iii) above, the final 
adjustment that is applied does not necessarily belong to the highest complexity, but rather the 
maximum adjustment.  

Table 13 presents an example of how the adjustment factor would be calculated for an episode 
with more than one HAC. 
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Table 13: Example calculation of adjustment factor for an episode with more than one 
HAC 

HACs present Complexity 
score 

Complexity group Adjustment after 
dampening 

HAC06: Respiratory 
complications 75 Moderate 9.1% 

HAC10: Medication 
complications 76 High 1.6% 

Selected adjustment   9.1% 

 

Even though the episode was considered as high complexity for HAC10, the adjustment for 
HAC06 was greater and therefore selected for the adjustment. This assessment is performed on 
an episode level for all HAC episodes. 

The adjustments have been designed and calculated at an episode level allowing for aggregation 
to a jurisdiction, LHN or hospital level to determine the aggregate impact. The issues and other 
considerations of developing a funding adjustment for safety and quality are discussed further in 
Section 8.1. 

7.3 Vignettes 
The following clinical examples demonstrate the application of the risk adjustment model and 
funding adjustments to individual episodes. 

7.3.1 Case one: falls resulting in fracture or intracranial injury – low risk 
A 27 year old female patient was a booked admission to day surgery for a cholecystectomy. She 
had no comorbid conditions. Following the surgery, she slipped and fell in the ward, hitting her 
head on the floor. A computed tomography (CT) scan showed a subdural haematoma. The 
patient was transferred to the tertiary hospital for further treatment and surgery. Table 14 breaks 
down the complexity and adjustment calculations for case one.  
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Table 14: Case one breakdown: HAC02 Falls resulting in fracture or intracranial injury  

Complexity score calculations 

Risk factor breakdown Complexity Score 

 Baseline 24.1 

 Age Group :025 to 029 0 

 Charlson Score = 0 0 

 DRG Type: Intervention 4.6 

 Gender: Female 1.0 

 MDC: Diseases & Disorders of the Hepatobiliary System & 
Pancreas -1.9 

 Emergency admission: No 0 

 ICU Hours: No 0 

 Admission transfer status: No 0 

Total   28 

Adjustment calculations  

 Complexity group Low 

 Incremental cost  2.4% 

 Dampening 1.000 

Final adjustment 2.4% 

 

As illustrated from the above table, an episode in the ‘low’ risk category for this HAC is subject to 
an adjustment of the full incremental cost of this HAC.  This would result in a negative funding 
adjustment equivalent to 2.4 per cent of the funding for this episode of care. 

7.3.2 Case two: falls resulting in fracture or intracranial injury – moderate risk 
The patient is an 81 year old male who was a booked admission for a coronary artery bypass 
graft. The patient has a background of ischaemic heart disease, old myocardial infarction, 
hypertension, peripheral vascular disease and type 2 diabetes managed with oral medication. 

The operation was successful and the patient spent 24 hours in the intensive care unit before 
being transferred to the cardiac ward. While on the ward, the patient slipped and fell heavily 
while in the shower, resulting in a fracture of the lumbar vertebra L4-L5. The fracture was 
managed conservatively and the patient was discharged home 12 days following admission. 
Table 15 breaks down the complexity and adjustment calculations for case two. 
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Table 15: Case two breakdown: HAC02 Falls resulting in fracture or intracranial injury  

Complexity score calculations 

Risk factor breakdown Complexity Score 

 Baseline 24.1 

 Age Group :080 to 084 13.9 

 Charlson Score = 3 6.4 

 DRG Type: Intervention 4.6 

 Gender: Male 0 

 MDC: Diseases & Disorders of the Circulatory System -3.5 

 Emergency admission: Yes 8.0 

 ICU Hours: Yes 4.9 

 Admission transfer status: No 0 

Total   58 

Adjustment calculations  

 Complexity group Moderate 

 Incremental cost  2.4% 

 Dampening 0.520 

Final adjustment 1.2% 

 

As illustrated from the above table an episode in the ‘moderate risk category for this HAC is 
subject to a negative funding adjustment equivalent to 1.2 per cent of the funding for this episode 
of care. 

7.3.3 Case three: falls resulting in fracture or intracranial injury – high risk 
The patient is an 87 year old female who was admitted to hospital via the emergency department 
with a principal diagnosis of stroke. The patient has a background of dementia, cirrhosis of the 
liver, chronic renal failure, chronic obstructive pulmonary disease and type 2 diabetes managed 
with insulin. The patient is an ex-drinker and smoker. 

The patient was treated conservatively. On the second day of her admission she fell while trying 
to take herself to the bathroom unsupervised, which resulted in a fractured neck of femur. A total 
hip replacement was performed. The patient was discharged to her residential aged care 
accommodation 25 days following admission. Table 16 breaks down the complexity and 
adjustment calculations for case three. 
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Table 16: Case three breakdown: HAC02 Falls resulting in fracture or intracranial injury  

Complexity score calculations 

Risk Factor Breakdown Complexity Score 

 Baseline 24.1 

 Age Group: 085 to 089 14.9 

 Charlson Score = 07 or more  9.2 

 DRG Type: Medical 0 

 Gender: Female 1.0 

 MDC: Diseases & Disorders of the Nervous System 2.0 

 Emergency admission: Yes 8.0 

 ICU Hours: Yes 4.9 

 Admission transfer status: No 0 

Total   64 

Adjustment calculations  

 Complexity group High 

 Incremental cost  2.4% 

 Dampening 0.178 

Final adjustment 0.4% 

 

As illustrated from the above table, an episode in the ‘high risk’ category for this HAC is subject 
to a negative funding adjustment equivalent to 0.4 per cent of the funding for this episode of 
care. 
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8. Issues and other 
considerations 

8.1 Treatment of episodes with multiple HACs 
IHPA initially undertook investigations to determine whether the presence of a second HAC could 
be used as a variable in the risk adjustment model. However, given that it is not possible to 
determine from episode data which HAC occurred first as well as the issues addressed in 
Section 3.3.1, this approach could not be progressed. 

IHPA also considered whether the presence of multiple HACs could be addressed through a 
funding approach. An additive funding approach was evaluated, where the funding adjustment 
for each HAC that occurred is deducted from the NWAU of an episode. For example, if both a 
healthcare associated infection and a medication complication occurred within a moderate 
complexity episode of care, the NWAU would be reduced by 1.5 + 3.7 = 5.2%. This approach 
assumes that HACs occur independently, which is not the case and therefore found to overly 
penalise episodes with more than one HAC. 

IHPA then considered developing a model where the funding adjustment for episodes with 
multiple HACs would be scaled depending on the underlying correlation of one HAC to another. 
It was decided that the additional complexity of this approach was not warranted given the 
expected minimal funding impact. 

Funding impacts have therefore been calculated using the HAC that results in the highest 
funding adjustment for an episode (see Section 7.2), with the additional costs of other HACs not 
considered in the funding adjustment. 

8.2 Perineal lacerations and neonatal birth trauma 
Perineal lacerations and neonatal trauma HACs have been considered separately to other 
HACs, given the much smaller cohort and limited DRGs to which these HACs apply. 

8.2.1 HAC15: Perineal lacerations  
Based on clinical advice from the Commission, this HAC could potentially occur in episodes in 
which the patient had a vaginal birth. Caesarean deliveries, newborns with unqualified days or 
patients transferred from other hospitals were excluded. 

A significant issue IHPA encountered was the high correlation between acquiring a perineal 
laceration HAC and the AR-DRG classification, specifically, Vaginal Delivery W GIs. A 
satisfactory predictive model for HAC15 could not be found and further work is required to find 
other risk factors that are present in the APC. There is no risk or funding adjustment incorporated 
for HAC15. 

8.2.2 HAC16: Neonatal birth trauma  
Based on clinical advice from the Commission, this HAC could potentially occur in episodes with 
a ‘newborn’ care type with the exclusion of pre-term infants with a birth weight of less than 2,000 
grams, cases with injury to the brachial plexus nerve network, cases with osteogenesis 
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imperfecta (a genetic disorder which causes bones to break easily) or cases in which the patient 
was transferred from another hospital.  

The issue with modelling for HAC16 Neonatal Birth Trauma is the inability to match the neonate 
episode to the mother; therefore the data available to IHPA is restricted to the characteristics of 
the neonate.  

Further work is required to find other risk factors that are present in the APC. There is no risk or 
funding adjustment incorporated for HAC16. 
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Appendix A: ROC curves 
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Appendix B: Complexity scores 

Table 17: Complexity scores for each HAC logistic regression model  

 Groups 01
. P

re
ss

ur
e 

in
ju

ry
 

02
. F

al
ls

 re
su

lti
ng

 in
 fr

ac
tu

re
 o

r 
ot

he
r i

nt
ra

cr
an

ia
l i

nj
ur

y 

03
. H

ea
lth

ca
re

 a
ss

oc
ia

te
d 

in
fe

ct
io

n 

04
. S

ur
gi

ca
l c

om
pl

ic
at

io
ns

 
re

qu
iri

ng
 u

np
la

nn
ed

 re
tu

rn
 to

 
th

ea
tr

e 

06
. R

es
pi

ra
to

ry
 c

om
pl

ic
at

io
ns

 

07
. V

en
ou

s 
th

ro
m

bo
em

bo
lis

m
 

08
. R

en
al

 fa
ilu

re
 

09
. G

as
tr

oi
nt

es
tin

al
 b

le
ed

in
g 

10
. M

ed
ic

at
io

n 
co

m
pl

ic
at

io
ns

 

11
. D

el
iri

um
 

12
. P

er
si

st
en

t i
nc

on
tin

en
ce

 

13
. M

al
nu

tr
iti

on
 

14
. C

ar
di

ac
 c

om
pl

ic
at

io
ns

 

Baseline 46.6 24.1 56.4 41.2 47.3 36.6 28.2 41.3 42.9 36.6 29.8 39.1 46.0 

                           

Emergency admission 4.7 8.0 4.8 0.7 4.8 3.2 2.8 4.4 4.7 4.7 5.0 4.5 2.4 

ICU Hours 10.3 4.9 10.4 13.5 15.1 11.0 21.9 7.7 7.1 10.8 7.5 10.0 12.6 

Admission Transfer Status 2.8 1.2 2.1 1.7 0.4 3.2 0 2.3 1.6 2.0 2.1 2.3 1.4 

               

DRG 9 Type                           

Medical  0 0 0 0 0 0 0 0 0 0 0 0 0 

Intervention 6.2 4.6 6.4 14.7 6.6 7.6 9.9 4.5 3.2 7.3 2.9 5.1 6.5 

                           

Gender                           

Male 0 0 0 0 0 0 0 0 0 0 0 0 0 

Female 0 1.0 1.0 0 -1.3 0.7 -0.8 -0.6 0.4 -0.8 0.9 0 0 
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Pre MDC 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diseases & Disorders of the Nervous System -8.7 2.0 -6.9 -8.7 -5.5 -4.4 -16.0 -6.0 -4.4 -6.2 -3.8 -6.6 -5.3 

Diseases & Disorders of the Eye -17.5 -4.2 -23.2 -17.5 -23.9 -24.5 -16.0 -21.3 -12.4 -20.7 -19.0 -19.5 -16.7 

Diseases & Disorders of the Ear, Nose, Mouth & Throat -15.7 -4.6 -14.1 -10.1 -12.0 -13.1 -16.0 -7.1 -6.2 -11.0 -19.0 -10.0 -7.2 

Diseases & Disorders of the Respiratory System -9.1 -2.7 -10.7 -11.1 -8.7 -7.0 -16.0 -5.4 -2.7 -8.2 -9.7 -6.5 -3.5 

Diseases & Disorders of the Circulatory System -11.6 -3.5 -9.5 -3.3 -12.2 -10.4 -9.5 -6.2 -1.7 -9.4 -12.4 -10.8 -0.8 

Diseases & Disorders of the Digestive System -12.2 -4.4 -7.6 -2.0 -8.9 -7.7 -15.6 -3.1 -4.1 -9.7 -10.4 -3.6 -5.3 

Diseases & Disorders of the Hepatobiliary System & Pancreas -10.5 -1.9 -5.9 -1.3 -8.6 -6.2 -7.2 -1.1 -1.4 -6.5 -8.8 -3.0 -3.2 

Diseases & Disorders of the Musculoskeletal System & Connective Tissue -5.5 0.2 -5.1 -1.0 -8.0 -0.5 -10.4 -3.8 -1.3 -2.4 -5.0 -6.1 -2.4 

Diseases & Disorders of the Skin, Subcutaneous Tissue & Breast -11.0 -2.5 -9.9 -4.4 -14.3 -10.6 -16.0 -8.6 -3.2 -10.6 -10.6 -10.3 -7.3 

Endocrine, Nutritional & Metabolic Diseases & Disorders -8.6 -0.1 -8.0 -3.9 -10.5 -9.9 -16.0 -5.2 2.2 -7.7 -9.8 -8.3 -5.3 

Diseases & Disorders of the Kidney & Urinary Tract -10.5 -2.3 -8.4 -3.5 -11.8 -7.8 -10.4 -6.0 -3.2 -9.1 -9.5 -8.3 -5.0 

Diseases & Disorders of the Male Reproductive System -17.5 -4.2 -10.1 -3.0 -14.4 -8.3 -16.0 -8.1 -6.3 -9.0 -6.4 -9.2 -8.0 

Diseases & Disorders of the Female Reproductive System -17.5 -4.2 -8.7 -0.9 -14.4 -8.3 -16.0 -10.1 -7.8 -11.2 -7.6 -9.2 -6.6 

Pregnancy, Childbirth & the Puerperium -16.4 -5.2 -6.6 0.9 -20.7 -20.1 -16.0 -14.2 -5.3 -19.3 6.2 -19.5 -6.7 

Newborns & Other Neonates -4.8 -5.2 4.5 -1.5 -19.6 -2.8 -16.0 -3.8 -3.6 -27.4 -19.8 -19.5 -3.7 
Diseases & Disorders of Blood, Blood Forming Organs, Immunological 
Disorders -11.8 -4.2 -8.1 -1.4 -11.6 -6.8 -16.0 -3.4 -5.8 -10.6 -12.1 -5.6 -5.2 

Neoplastic Disorders (Haematological & Solid Neoplasms) -7.7 -3.5 -1.5 -2.7 -8.2 -2.0 -9.5 -1.0 -5.5 -6.4 -6.4 1.1 -2.7 
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Infectious & Parasitic Diseases -5.8 0.3 -7.2 -2.3 -9.0 -3.4 -6.6 -1.8 -0.3 -5.1 -6.1 -3.7 -0.7 

Injuries, Poisonings & Toxic Effects of Drugs -6.8 2.0 -6.7 -3.2 -6.5 -0.5 -9.8 -5.8 -3.6 -5.4 -6.7 -5.6 -5.1 

Burns -2.7 6.6 -2.8 -1.4 -6.2 -1.6 -6.6 -2.4 -2.2 -0.5 -10.4 -6.5 -2.8 

Factors Influencing Health Status & Other Contacts with Health Services -10.8 6.6 -9.7 -6.8 -11.2 -10.0 -16.0 -6.4 -5.3 -11.6 -10.2 -7.4 -7.6 
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000 to 004 0 0 0 0 0 0 0 0 0 0 0 0 0 

005 to 009 0 0 -2.6 -4.0 -2.0 -8.5 0 0 0 3.8 0 0 -2.6 

010 to 014 1.6 0 -2.3 -3.4 -3.9 -8.5 0 0 0 4.7 0 0 -2.0 

015 to 019 -0.9 0 -1.1 -2.8 -0.4 1.1 0 0 2.7 7.5 8.1 3.8 -0.3 

020 to 024 -5.3 0 -1.1 -2.9 0.2 2.8 0 0 2.4 7.9 8.1 3.8 0.2 

025 to 029 -4.8 0 -0.8 -2.2 0.9 2.7 0 1.4 2.8 8.5 8.1 3.8 0.6 

030 to 034 -4.5 0 -0.3 -1.6 0.8 3.6 3.6 1.4 3.0 9.5 9.8 3.8 0.9 

035 to 039 -4.5 0 0.1 -1.4 1.0 4.2 3.6 2.4 3.0 10.8 10.9 4.4 1.6 

040 to 044 -3.6 4.0 0.8 -0.6 1.3 5.5 3.6 3.3 3.7 11.4 10.3 5.0 2.9 

045 to 049 -3.2 4.0 1.3 0.0 1.9 5.5 3.6 3.4 3.7 12.7 11.8 4.8 4.1 

050 to 054 -2.7 4.9 2.0 0.5 2.4 5.7 3.6 4.1 4.1 13.7 11.7 5.9 5.6 

055 to 059 -1.9 5.8 2.3 0.4 2.4 6.0 3.6 4.3 4.4 14.5 12.1 6.6 6.5 

060 to 064 -1.9 7.0 2.9 1.0 3.0 6.9 3.6 5.2 5.2 16.4 14.7 7.0 7.7 

065 to 069 -1.1 8.6 3.5 0.9 3.3 7.7 3.6 5.8 5.6 17.8 15.8 7.1 8.8 

070 to 074 0.2 9.0 4.1 1.4 4.5 8.2 3.6 6.9 6.4 20.1 17.4 7.8 9.7 

075 to 079 0.7 12.0 4.9 1.7 5.1 8.6 3.6 7.9 7.0 22.0 18.9 8.3 10.6 

080 to 084 2.5 13.9 6.1 1.9 6.5 8.4 3.6 8.6 7.5 24.1 20.7 9.3 11.5 

085 to 089 4.1 14.9 7.3 2.5 8.0 8.7 3.6 9.7 7.8 25.6 21.9 10.6 12.6 

090 to 095 6.0 16.6 8.3 2.4 10.0 8.8 3.6 10.4 7.4 27.2 23.3 11.8 13.7 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2.6 3.2 3.3 2.7 3.5 2.2 3.0 3.7 4.1 3.0 3.1 3.7 4.8 

2 5.1 4.9 6.1 5.9 4.7 4.4 5.6 6.0 7.5 4.6 4.7 7.1 6.0 

3 7.0 6.4 7.7 6.2 7.2 5.2 6.4 8.0 10.6 6.0 8.0 7.7 8.1 

4 6.4 6.0 7.3 6.5 6.7 5.2 6.5 8.0 12.1 6.0 6.8 7.7 7.4 

5 7.8 7.0 7.7 7.5 5.8 7.8 6.5 8.0 11.2 6.0 6.8 10.0 6.5 

6 8.7 7.6 9.0 8.0 7.5 7.5 6.5 10.2 12.4 7.7 8.9 9.8 9.9 

7 10.5 9.2 10.1 8.8 8.3 8.5 9.5 11.3 14.0 8.5 9.7 10.6 10.8 

8 12.2 9.2 10.7 9.4 9.6 9.1 9.5 12.9 14.5 9.2 10.6 12.2 11.5 

9 12.2 9.2 10.7 9.4 9.6 11.6 9.5 12.9 14.8 9.7 10.9 12.2 11.5 

10 12.2 9.2 11.1 10.6 9.6 11.6 9.5 12.9 15.2 9.5 10.9 12.2 11.5 

11 12.2 9.2 13.0 10.6 11.5 11.6 9.5 12.9 17.7 12.4 10.9 12.2 14.8 

12 12.2 9.2 13.0 10.6 11.5 11.6 9.5 12.9 17.7 12.4 10.9 12.2 14.8 

13 12.2 9.2 13.0 10.6 11.5 11.6 9.5 12.9 17.7 12.4 10.9 12.2 14.8 

14 12.2 9.2 13.0 10.6 11.5 11.6 9.5 12.9 17.7 12.4 10.9 12.2 14.8 

15 12.2 9.2 13.0 10.6 11.5 11.6 9.5 12.9 17.7 12.4 10.9 12.2 14.8 

16 12.2 9.2 13.0 10.6 11.5 11.6 9.5 12.9 17.7 12.4 10.9 12.2 14.8 
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Appendix C: Complexity 
bounds  
 
Figure 5: HAC01 – Pressure Injury – Complexity bounds 

 
Figure 6: HAC02 – Falls resulting in fracture or other intracranial injury – Complexity 
bounds 
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Figure 7: HAC03 – Healthcare associated infections – Complexity bounds 

 
 

Figure 8: HAC04 – Surgical complications requiring unplanned return to theatre – 
Complexity bounds 
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Figure 9: HAC06 – Respiratory complications – Complexity bounds 

 
 

 

Figure 10: HAC07 – Venous thromboembolism – Complexity bounds 
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Figure 11: HAC08 – Renal failure – Complexity bounds 

 

 

 

Figure 12: HAC09 – Gastrointestinal bleeding – Complexity bounds 
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Figure 13: HAC10 – Medication complications – Complexity bounds 

 
 

 

Figure 14: HAC11 – Delirium – Complexity bounds 
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Figure 15: HAC12 – Persistent incontinence – Complexity bounds 

 
 

 

 

Figure 16: HAC13 – Malnutrition – Complexity bounds 
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Figure 17: HAC14 – Cardiac complications – Complexity bounds 
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