

TAMLC 13

TAGRA ACUTE MLC SUBGROUP


Tuesday 26th August 2014
REVIEW OF CASE-MIX ADJUSTMENT WITHIN THE MLC COSTING METHOD
1. Summary

The formula MLC adjustment is derived by estimating the relationship between (age-sex adjusted) need, proxied by costed activity, and the indicators of need (e.g. SMR, Limiting Long-term Illness) across local populations (Data Zones or Intermediate Geographies).  It is important that the costing of the activity is accurate.  If there is systematic bias in the cost estimates then we could under or over-estimate the magnitude of the relationship between activity and the indicators of need. 

A key requirement for ensuring un-biased costing is having a robust case-mix adjustment.  A case-mix adjustment is used to permit direct comparisons between the needs of different mixtures of patients, in terms of their diagnoses, case complexity, severity and other factors.  So, for example, if we think that the case-mix complexity varies by level of deprivation, it would be crucial that the costing method allows for this variation in complexity across Geographies. Specificially, that it properly represents the higher costs associated with higher average levels of complexity for episodes of care for patients in deprived data zones and does not, inadvertently, average costs across data zones in such a way that the true variation in costs by data zone is understated. 

The current NRAC costing method includes one case-mix adjustment, which arises within the calculation of the MLC Cost Ratios and uses a simple approach based on the Length of Stay. This approach dates back to the Arbuthnott formula and to a time when only relatively limited costing data was available. The advent of National Tariffs, HRGs and more recently, PLICS, now allows for the development of more sophisticated case-mix adjustment approaches.

This paper summarizes the existing NRAC case-mix adjustment approach and investigates three alternative approaches, two of which are based on PLICS data and one of which is based on HRG data. These three approaches, along with the current NRAC method have also been comparatively evaluated against the TAGRA core criteria. This paper sets out the key issues relevant to the choice between the case-mix approaches for discussion in Chapter 6. 
The subgroup is asked to consider all four approaches before a final recommendation is presented to TAGRA. 
2. Introduction and context within NRAC costing method
The Acute MLC subgroup has previously considered four potential options for the general costing approach of the Acute MLC review: these are discussed in the ‘Proposal to TAGRA on the Costing Method for the Acute MLC Review’ paper presented to TAGRA on 29th May 2014. The option that was recommended by the subgroup and accepted by TAGRA is; ‘to retain the current NRAC Costing Method for the Acute MLC review; reviewing the Fixed and Variable percentage cost split methodology and selecting the most appropriate indicators based on this method, the formula acute costing method would continue unchanged until the next Acute MLC review’.

The present paper deals with the “review of the Fixed and Variable percentage cost split methodology”. The terminology of Fixed and Variable percentage cost split stems from the fact that the existing approach provides a case-mix adjustment based on Length of Stay. For a case-mix adjustment based on a linear model between Length of Stay and Actual Cost, the % cost split terms provide an alternative way to fully summarize the case-mix adjustment parameters. The results presented in the tables throughout this report show the % cost split results, as these are easier to interpret than the Fixed and Variable costs themselves. In practical terms, the % cost split terms can be thought of as giving the proportion of the Actual Cost associated with an average length episode of care that is associated with the fixed and variable components.
The Actual Cost (at a national level) of an episode of care, as determined using the case-mix adjustment, is then used as the numerator in the MLC Cost Ratios, which assess the variation in Actual Need (proxied by cost), relative to the level of need (proxied by cost) which would be expected given the age and sex composition of a local population. The latter term is estimated from age-sex cost-curves constrained by the total Actual Cost (at a national level) and hence is also dependent on the choice of case-mix adjustment method. For more information on the definition of the MLC Cost Ratios, please refer to Paper TAMLC 04. The Cost Ratios form the dependent variable upon which the Acute Indicators will be regressed at the subsequent model fitting stage. Consequently, changes to the case-mix adjustment method will lead to changes in the MLC Cost Ratios, and this may then affect which Acute Index predictors best explain the variability in the Cost Ratios.
A group was established (see Table 1 below) to conduct the present review.

Table 1: NRAC Fixed and Variable Split Cost Methodology Review Group

	Donna Mikolajczak (ISD) – Chair
	Dave Garden (NHS Highland)

	Ahmed Mahmoud (ISD)
	Andrew Daly (NHS GG&C)

	Ciaran McCloskey (ISD)
	David Wright (NHS Lothian)

	Suzy Whoriskey (ISD)
	Paudric Osborne (SG)


The Group met on the 2nd of June and agreed to the renaming of the Fixed and Variable costs, as these were misleading in an accounting sense. It was decided that these terms would be renamed as follows (and this terminology is used henceforth in this paper);
· Fixed cost should be known as Cost of admission;
· Variable cost should be known as Cost per day.
Following discussion and on behalf of the review group, the Analytical Support Team (AST) agreed to investigate three alternative options for applying a case-mix adjustmentwithin the MLC costing, in addition to reviewing the current method. The three new options are as follows:
1. Retain Length of Stay as the basis of the case-mix adjustment, but estimate the Costs of Admission and Costs per day from summation of the Cost of admission and Cost per day components from the PLICS costing file for each episode of care to calculate totals for every specialty. 
2. Retain Length of Stay as the basis of the case-mix adjustment, but estimate the Costs of Admission and Costs per day from regression analysis of the individual episodes of care for each speciality within the PLICS data.

3. Investigate HRG code as an alternative basis for case-mix adjustment, through applying the relative HRG costs from the Scottish National Tariff to specialty level expenditure to derive NRAC episode costs.
3. Review of current method
Within the current approach, the average cost per case (for speciality i in hospital j) is regressed on the average length of stay (for speciality i in hospital j).  The observations for the regression are all the specialities of type i across all the hospitals in Scotland (excluding Teaching Hospitals and those hospitals with a relatively low number of discharges).  There are only five regressions – one each for the specialities: General Medicine; General Surgery; Gynaecology; Obstetrics; and, Special Care Baby Unit.  In the regressions the observations are weighted by number of discharges.  
The estimate of the Cost of Admission is, broadly, the α coefficient (or constant term) and the estimate of the Cost per Day is, broadly, the β coefficient on the Average Length of Stay variable (note that for most specialities these are inflated to account for teaching costs). 
There are three very substantial limitations to this approach: 

· The regressions are run for only 5 speciality types, with the results then applied to all the other specialities. We do not have any evidence on the reliability of this extension of the estimated parameters.
· The observations used in the regression are averages for each speciality/hospital combination and therefore the regressions are capturing inter-hospital differences.
· The regression observations represent small numbers of data points that are very highly aggregated.
These limitations are a consequence of the fact that this approach dates back to a time when only relatively limited costing data was available. The following section explores alternative approaches based on the use of more sophisticated costing data, which has subsequently become available.

Before moving on to these alternatives, the effect of one potential adjustment to the current method are also considered. This adjustment is the inclusion of Teaching Hospitals as part of the current method. It is unknown why Teaching Hospitals were previously excluded. 
The Cost of admission and Cost per day % cost splits were recalculated including all Teaching Hospitals (Table 2) and for these hospitals the Net Cost per case was used (instead of Gross Cost per case) as it was thought that this would reflect more accurately on the costs split as Teaching Hospitals do receive income.
Table 2: Cost of admission and Cost per day percentage splits comparison - including and excluding Teaching Hospitals 
	Specialty
	Cost of admission (%)
	Cost per day (%)

	
	Excluding Teaching
	Including Teaching
	Excluding Teaching
	Including Teaching

	Accident & Emergency
	0.0
	0.0
	100.0
	100.0

	Acute Other
	79.8
	78.1
	20.2
	21.9

	Cardiac Surgery
	66.8
	48.0
	33.2
	52.0

	Cardiology
	31.8
	26.0
	68.2
	74.0

	Clinical Oncology
	0.0
	0.0
	100.0
	100.0

	Communicable Diseases
	35.3
	29.8
	64.7
	70.2

	Coronary Care Unit
	0.0
	0.0
	100.0
	100.0

	Dental
	71.4
	55.1
	28.6
	44.9

	Dermatology
	18.8
	11.8
	81.2
	88.2

	Ear, Nose & Throat
	69.3
	51.9
	30.7
	48.1

	Gastroenterology
	31.8
	26.0
	68.2
	74.0

	General Medicine
	31.8
	26.0
	68.2
	74.0

	General Practice
	26.6
	22.0
	73.4
	78.0

	General Surgery (exc Vascular)
	47.8
	18.2
	52.2
	81.8

	Geriatric Assessment
	0.0
	0.0
	100.0
	100.0

	Gynaecology
	59.9
	26.5
	40.1
	73.5

	Haematology
	46.5
	41.9
	53.5
	58.1

	Intensive Care Unit
	0.0
	0.0
	100.0
	100.0

	Maxillofacial Surgery
	71.8
	69.4
	28.2
	30.6

	Medical Oncology
	31.8
	26.0
	68.2
	74.0

	Medical Other
	31.8
	26.0
	68.2
	74.0

	Medical Paediatrics
	33.0
	27.2
	67.0
	72.8

	Nephrology
	11.2
	3.6
	88.8
	96.4

	Neurology
	0.0
	0.0
	100.0
	100.0

	Neurosurgery
	62.2
	40.8
	37.8
	59.2

	Obstetrics GP
	33.4
	46.4
	66.6
	53.6

	Obstetrics Specialist
	0.0
	16.5
	100.0
	83.5

	Ophthalmology
	73.3
	58.1
	26.7
	41.9

	Oral Surgery & Medicine
	69.2
	51.7
	30.8
	48.3

	Orthopaedics
	55.0
	29.5
	45.0
	70.5

	Plastic Surgery & Burns
	63.6
	42.9
	36.4
	57.1

	Rehabilitation Medicine
	0.0
	0.0
	100.0
	100.0

	Respiratory Medicine
	0.1
	0.0
	99.9
	100.0

	Rheumatology
	29.3
	23.2
	70.7
	76.8

	Spinal Paralysis
	0.0
	0.0
	100.0
	100.0

	Surgical Paediatrics
	55.6
	30.4
	44.4
	69.6

	Thoracic Surgery
	66.8
	48.0
	33.2
	52.0

	Urology
	47.8
	18.2
	52.2
	81.8

	Vascular Surgery
	47.8
	18.2
	52.2
	81.8


For the majority of specialties there is little difference between the two sets of percentage cost splits. There are eight specialties with a difference in percentage cost split of 0 percentage points (pcp) and 23 with a difference less than 10 pcp. However, there are several specialities (e.g. Vascular Surgery, Gynaecology and General Surgery), for which a substantial difference does arise. 

All but two specialties (Obstetrics GP and Obstetrics Specialist) have a positive difference between cost of admission which shows that, with the exception of these two specialties, the cost of admission is higher when teaching hospitals are included compared to when they are not.    

Given that the inclusion of Teaching Hospitals does nothing to mitigate the limitations presented to the current method presented above and the fact that for most specialities there is little difference in the percentage cost splits, the remainder of the paper will use the current NRAC method, excluding Teaching Hospitals, as the point of comparison for the alternatives. 

4. Analyses of Alternative Options

All the analyses have been carried out to align to the Costs Book specialties to make the options comparable. 
Option 1 – Cost of admission and Cost per day derived from the PLICS costed file (the “PLICS Components method”)
The following section provides the results of separately summing the Cost of admission and Cost per day components from the PLICS costing file for each episode of care to calculate total Costs of admission and Costs per day (and thus the percentage split) for every specialty. As such this method does not require any regression analysis to estimate the % cost splits, unlike the current NRAC method.
PLICS cost components (See Annex A) for inpatient activity for 2012/13 (acute and obstetric specialties) were used to calculate proxies for the percentage cost splits for each SMR speciality, as follows:
Cost per day % = PLICS "per day" costs / PLICS direct costs
Cost of admission % =  (100 - Cost per day %)
The % cost splt terms are calculated using the PLICS Direct Costs, rather than the PLICS Total Costs. The total costs include a substantial component (generally 30 – 40%, by speciality) of allocated costs, but at present these are allocated in proportion to the fixed and variable components of the direct costs, such that their inclusion would make no difference to the % cost splits (see Annex B for more information). As the PLICS method remains under development, it is possible that the allocated cost apportioning method may change in future, which could affect the validity of the approach used here. 
The % cost splits for the PLICS component method and the existing NRAC method are shown in Table 3. For the majority of specialties (26 out of the 39 specialties), the Cost of admission percentage is higher under the current NRAC method. Where the cost of admission is higher under PLICS this tends to be when the cost percentage split is 0% for the NRAC method.  The results highlight that there is a general similarity between the two sets of results, but there are some major differences for some specialities (Acute Other, Comm diseases, Haematology, Medical Other).
The MLC Cost Ratios for each Diagnostic Group, calculated at Intermediate Geography level, were produced under both methods using the current NRAC Costing Method, as agreed and approved by TAGRA.  Figure 1 shows the comparisons between these results as scatter plots (one for each of six diagnostic groups). The line y=x has been fitted on the graph in grey to show where all the points should be lying, if the two methods were to yield identical results. 

The scatter plots in Figure 1 indicate that all diagnostic groups yield very similar Cost Ratios under the two methods, suggesting that the differences that do exist in the percentage cost splits (Table 3) do not lead to substantial differences in Cost Ratios. This result may arise in part from the degree of averaging inherent to the Intermediate Geography scale and it is possible that the replication of such analysis at Datazone level might lead to relatively larger differences between the two methods. 
Table 3: Cost of admission and Cost per day splits by specialty – comparison of the current NRAC method (excluding Teaching Hospitals) and PLICS components methods
	Specialty
	Cost of admission (%)
	Costs per day (%)

	
	NRAC
	PLICS
components
	NRAC
	PLICS components

	Accident & Emergency
	0.0
	13.3
	100.0
	86.7

	Acute Other
	79.8
	44.2
	20.2
	55.8

	Cardiac Surgery
	66.8
	66.0
	33.2
	34.0

	Cardiology
	31.8
	29.5
	68.2
	70.5

	Clinical Oncology
	0.0
	12.3
	100.0
	87.7

	Communicable Diseases
	35.3
	9.2
	64.7
	90.8

	Coronary Care Unit
	0.0
	20.4
	100.0
	79.6

	Dental
	71.4
	62.2
	28.6
	37.8

	Dermatology
	18.8
	12.1
	81.2
	87.9

	Ear, Nose & Throat
	69.3
	60.7
	30.7
	39.3

	Gastroenterology
	31.8
	14.0
	68.2
	86.0

	General Medicine
	31.8
	15.9
	68.2
	84.1

	General Practice
	26.6
	2.4
	73.4
	97.6

	General Surgery (exc Vascular)
	47.8
	46.1
	52.2
	53.9

	Geriatric Assessment
	0.0
	7.3
	100.0
	92.7

	Gynaecology
	59.9
	56.7
	40.1
	43.3

	Haematology
	46.5
	13.1
	53.5
	86.9

	Intensive Care Unit
	0.0
	12.2
	100.0
	87.8

	Maxillofacial Surgery
	71.8
	68.5
	28.2
	31.5

	Medical Oncology
	31.8
	10.8
	68.2
	89.2

	Medical Other
	31.8
	5.7
	68.2
	94.3

	Medical Paediatrics
	33.0
	24.8
	67.0
	75.2

	Nephrology
	11.2
	13.6
	88.8
	86.4

	Neurology
	0.0
	10.4
	100.0
	89.6

	Neurosurgery
	62.2
	53.6
	37.8
	46.4

	Obstetrics GP
	33.4
	12.5
	66.6
	87.5

	Obstetrics Specialist
	0.0
	24.2
	100.0
	75.8

	Ophthalmology
	73.3
	54.1
	26.7
	45.9

	Oral Surgery & Medicine
	69.2
	62.8
	30.8
	37.2

	Orthopaedics
	55.0
	55.2
	45.0
	44.8

	Plastic Surgery & Burns
	63.6
	62.2
	36.4
	37.8

	Rehabilitation Medicine
	0.0
	2.3
	100.0
	97.7

	Respiratory Medicine
	0.1
	10.4
	99.9
	89.6

	Rheumatology
	29.3
	12.7
	70.7
	87.3

	Spinal Paralysis
	0.0
	1.7
	100.0
	98.3

	Surgical Paediatrics
	55.6
	47.8
	44.4
	52.2

	Thoracic Surgery
	66.8
	54.6
	33.2
	45.4

	Urology
	47.8
	50.4
	52.2
	49.6

	Vascular Surgery
	47.8
	42.6
	52.2
	57.4


Figure 1: Scatterplots comparing the MLC cost ratios, at Intermediate Geography level, as derived from the NRAC vs PLICS components approaches.
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Option 2 – Cost of admission and Cost per day derived from regression of the episode-level PLICS costed file (the “PLICS regression method”)
This method returns to the regression approach used in the current NRAC method. However, instead of using the Average Cost per Episode and Average Length of Stay aggregated to hospital level as the regression variables, the PLICS costing files allows for the use of individual Cost per Episode and Length of Stay to be used. In other words, the regression observations constitute individual episodes of care, rather than averages within a given hospital. To obtain national level % cost split estimates, regressions are undertaken for each speciality using data from all hospitals in Scotland. Only episodes associated with in-patients are included in the analysis.

The % cost splits for the PLICS regression method, the existing NRAC method and the PLICS components method are shown in Table 4. For the majority of specialties, the Cost of admission percentage is higher under the PLICS regression method than either the current NRAC method (32 out of 39 specialities) or the PLICS components method (35 out of 39 specialities). The results highlight that there is a general similarity between all three sets of results, but there are some major differences for some specialities (e.g. Clinical Oncology and Coronary Care Unit). In general, the Cost of Admission / Cost Per Day splits derived from the PLICS regression method differ to those derived from the existing NRAC and PLICS components methods.
The MLC Cost Ratios for each Diagnostic Group, calculated at Intermediate Geography level, were then produced for the PLICS regression method.   Figure 2 shows the comparisons between these results and the Cost Ratios derived from the existing NRAC method as scatter plots (one for each of six diagnostic groups). The line y=x has been fitted on the graph in grey to show where all the points should be lying, if the two methods were to yield identical results. 
The scatter plots show a clear linear positive relationship in Cost Ratios for all diagnostic groups for the current NRAC and PLICS regression method. However, the extent of the scatter around the line y=x (particularly for digestive) is greater than was seen for the comparison between the current NRAC and PLICS components methods. This indicates that the differences in Cost of Admission / Cost Per Day splits seen for the PLICS regression method leads to  some  differences in the resultant Intermediate Geography Cost Ratios. 
Table 4: Cost of admission and Cost per day splits by specialty – comparison of the current NRAC method, PLICS components and PLICS regression methods. [Post-meeting note: an updated version of this table has subsequently been presented in the Acute MLC Subgroup paper TAMLC 17].
	Specialty
	Cost of admission (%)
	Costs per Day (%)

	
	NRAC
	PLICS Components
	PLICS Regression 
	NRAC
	PLICS Components
	PLICS Regression 

	Accident & Emergency
	0.0
	13.3
	0.0
	100.0
	86.7
	100.0

	Acute Other
	79.8
	44.2
	78.6
	20.2
	55.8
	21.4

	Cardiac Surgery
	66.8
	66.0
	97.2
	33.2
	34.0
	2.8

	Cardiology
	31.8
	29.5
	71.2
	68.2
	70.5
	28.8

	Clinical Oncology
	0.0
	12.3
	47.6
	100.0
	87.7
	52.4

	Communicable Diseases
	35.3
	9.2
	57.2
	64.7
	90.8
	42.8

	Coronary Care Unit
	0.0
	20.4
	50.1
	100.0
	79.6
	49.9

	Dental
	71.4
	62.2
	60.5
	28.6
	37.8
	39.5

	Dermatology
	18.8
	12.1
	52.8
	81.2
	87.9
	47.2

	Ear, Nose & Throat
	69.3
	60.7
	77.6
	30.7
	39.3
	22.4

	Gastroenterology
	31.8
	14.0
	44.9
	68.2
	86.0
	55.1

	General Medicine
	31.8
	15.9
	36.9
	68.2
	84.1
	63.1

	General Practice
	26.6
	2.4
	42.4
	73.4
	97.6
	57.6

	General Surgery (exc Vascular)
	47.8
	46.1
	75.2
	52.2
	53.9
	24.8

	Geriatric Assessment
	0.0
	7.3
	64.6
	100.0
	92.7
	35.4

	Gynaecology
	59.9
	56.7
	68.5
	40.1
	43.3
	31.5

	Haematology
	46.5
	13.1
	41.6
	53.5
	86.9
	58.4

	Intensive Care Unit
	0.0
	12.2
	36.3
	100.0
	87.8
	63.7

	Maxillofacial Surgery
	71.8
	68.5
	83.8
	28.2
	31.5
	16.2

	Medical Oncology
	31.8
	10.8
	38.5
	68.2
	89.2
	61.5

	Medical Other
	31.8
	5.7
	56.8
	68.2
	94.3
	43.2

	Medical Paediatrics
	33.0
	24.8
	31.9
	67.0
	75.2
	68.1

	Nephrology
	11.2
	13.6
	46.3
	88.8
	86.4
	53.7

	Neurology
	0.0
	10.4
	48.6
	100.0
	89.6
	51.4

	Neurosurgery
	62.2
	53.6
	83.6
	37.8
	46.4
	16.4

	Obstetrics GP
	33.4
	12.5
	12.5
	66.6
	87.5
	87.5

	Obstetrics Specialist
	0.0
	24.2
	24.2
	100.0
	75.8
	75.8

	Ophthalmology
	73.3
	54.1
	70.7
	26.7
	45.9
	29.3

	Oral Surgery & Medicine
	69.2
	62.8
	83.3
	30.8
	37.2
	16.7

	Orthopaedics
	55.0
	55.2
	86.1
	45.0
	44.8
	13.9

	Plastic Surgery & Burns
	63.6
	62.2
	83.9
	36.4
	37.8
	16.1

	Rehabilitation Medicine
	0.0
	2.3
	70.2
	100.0
	97.7
	29.8

	Respiratory Medicine
	0.1
	10.4
	37.5
	99.9
	89.6
	62.5

	Rheumatology
	29.3
	12.7
	52.8
	70.7
	87.3
	47.2

	Spinal Paralysis
	0.0
	1.7
	52.5
	100.0
	98.3
	47.5

	Surgical Paediatrics
	55.6
	47.8
	77.7
	44.4
	52.2
	22.3

	Thoracic Surgery
	66.8
	54.6
	86.9
	33.2
	45.4
	13.1

	Urology
	47.8
	50.4
	75.5
	52.2
	49.6
	24.5

	Vascular Surgery
	47.8
	42.6
	85.4
	52.2
	57.4
	14.6


Figure 2: Scatterplots comparing the MLC cost ratios, at Intermediate Geography level, as derived from the NRAC vs PLICS regression approaches.
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Option 3 - Applying the relative HRG costs from the Scottish National Tariff to specialty level expenditure to derive NRAC episode costs.

This approach differs from the two preceding options, in the sense that the basis of the case-mix adjustment would no longer be Length of Stay, but HRG (Healthcare Resource Group) code instead. Furthermore, the activity basis would be spell within speciality, rather than episode.

HRGs are a case mix classification used by the NHS in England and maintained by the National Casemix Office (NCO) at the Health & Social Care Information Centre (HSCIC).  It enables classification of patient care based on expected resource use by grouping patient activity into clinically meaningful groups with similar resource intensity.  Diagnosis & procedure information (ICD-10 & OPCS-4 codes) are the main sources used from patient records.

The HRG codes are updated every year by the NCO to reflect clinical practice, support service redesign and to accommodate the Department of Health’s Policy requirements. Although we use common HRG codes for activity, Scotland does not have the level of detailed HRG costing that exists in England. Scottish health costs are collected and published at specialty level only, and we therefore need a mechanism for estimating costs at the more specific HRG level. By using English NHS Reference Costs we can assume that the resource differential between any two procedures or conditions in Scotland is the same as in England. For example if a hip replacement costs around 4 times as much as an arthroscopy in England, then it is assumed that this is also the case in Scotland. This resource differential is reflected via a set of English 'Relative Cost Weights' which are applied to Scottish data to allow HRGs to be weighted accordingly in terms of their cost relative to each other.

The HRG method within this review utilises the relative resource weights calculated as part of the Scottish National Tariff complexity calculations. These relative resource weights for each HRG, specialty and patient type combination were matched onto the 2011/12 costs and SMR01 activity data at spell within specialty level.  The data were then aggregated to get activity (spells within specialty) and total resource by costs book specialty. Relative resource weights for each HRG and total speciality resource weights were then used to proportion the speciality costing for each HRG. MYEs population figures and HRG data were aggregated by sex and age group to calculate the expected cost; while the Actual Cost was calculated by aggregating the HRG costed data by Intermediate zone geography. 
Figure 3 compares the MLC Cost Ratios for all six diagnostic groups, calculated at Intermediate Geography, using the HRG method (HRG case-mix adjustment) and the current NRAC method (Length of Stay case-mix adjustment). The line y=x has been fitted on the graph to indicate where all the points should be lying, if the two methods were to yield identical results.
The scatter plots in Figure 3 show that the Cost Ratios for the current NRAC and HRG methods show a clear positive linear relationship for all diagnostic groups. However, there is considerably more scatter associated with this comparison than was observed for the comparison of the PLICS components and NRAC methods (Figure 1) and somewhat more scatter than was observed for the comparison of the PLICS regression and NRAC methods (Figure 2). 
Figure 3: Scatterplots comparing two cost ratios (NRAC vs HRG) by diagnostic group.
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5. Summary comparisons between the Cost Ratios derived from the four approaches
In order to quantitively compare the degree of similarity between the MLC Cost Ratios derived from the four methods, we can use the correlation coefficients between the Intermediate Geography level data (as shown on the scatter plots in Figures 1-3).

Table 5 shows that there are significant positive linear relationships among the Cost Ratios derived from all four methods, for all of the six diagnostic groups. However, for all diagnostic groups, the highest correlations are those between NRAC and PLICS components methods. These values (>0.99) are so high as to indicate that the NRAC and PLICS component methods generate results that are almost identical to one another in terms of Intermediate Geography Cost Ratios. Given this similarity, it is unsurprising that both of these methods yield similar correlation coefficients when compared to the other two methods. In general, comparisons between NRAC / PLICS components and PLICS regression (>0.85) yield higher coefficients than do those between NRAC / PLICS components and HRG (>0.76). Consequently, the PLICS regression method has a higher correlation with both the NRAC / PLICS components methods than the HRG method. Finally, the PLICS regression and HRG results differ from one another by roughly as much as they do from the NRAC / PLICS component method.
Table 5: Correlation coefficients between the four methods 
PLICS (C) = PLICS components, PLICS (R) = PLICS regression. The correlation coefficient measures the strength of a linear relationship and ranges from -1 to 1 where;


-1
indicates a perfect negative linear relationship


0
indicates no linear relationship


1
indicates a perfect positive linear relationship. 

	Cancer Diagnostic Group

	 
	NRAC
	PLICS (C)
	PLICS

(R)
	HRG

	NRAC
	1
	0.99
	0.93
	0.85

	PLICS (C)
	0.99
	1
	0.93
	0.82

	PLICS(R)
	0.93
	0.93
	1
	0.85

	HRG
	0.85
	0.82
	0.85
	1


	Digestive Diagnostic Group

	
	NRAC
	PLICS (C)
	PLICS

(R)
	HRG

	NRAC
	1
	0.998
	0.88
	0.86

	PLICS (C)
	0.998
	1
	0.88
	0.85

	PLICS(R)
	0.88
	0.88
	1
	0.83

	HRG
	0.86
	0.85
	0.83
	1


	Heart Diagnostic Group

	
	NRAC
	PLICS (C)
	PLICS

(R)
	HRG

	NRAC
	1
	0.99
	0.85
	0.78

	PLICS (C)
	0.99
	1
	0.86
	0.76

	PLICS(R)
	0.85
	0.86
	1
	0.81

	HRG
	0.78
	0.76
	0.81
	1


	Injury Diagnostic Group

	
	NRAC
	PLICS (C)
	PLICS

(R)
	HRG

	NRAC
	1
	0.99
	0.93
	0.81

	PLICS (C)
	0.99
	1
	0.93
	0.80

	PLICS(R)
	0.93
	0.93
	1
	0.79

	HRG
	0.81
	0.80
	0.79
	1


	Acute Other Diagnostic Group

	
	NRAC
	PLICS (C)
	PLICS

(R)
	HRG

	NRAC
	1
	0.99
	0.97
	0.88

	PLICS (C)
	0.99
	1
	0.96
	0.86

	PLICS(R)
	0.97
	0.96
	1
	0.89

	HRG
	0.88
	0.86
	0.89
	1


	Respiratory Diagnostic Group

	
	NRAC
	PLICS (C)
	PLICS

(R)
	HRG

	NRAC
	1
	0.996
	0.98
	0.85

	PLICS (C)
	0.996
	1
	0.97
	0.83

	PLICS(R)
	0.98
	0.97
	1
	0.85

	HRG
	0.85
	0.83
	0.85
	1


6. Discussion

The first two components of the discussion consider whether there are objective and analytical criteria which can be used to discriminate between the existing approach and the three alternative ones. The final component then evaluates all four methods against the TAGRA core criteria in order to arrive at a recommendation.
Implications of the four methods for subsequent model fitting of Acute Index 

The model fit between the existing Acute Index (calculated by standardizing the two needs drivers, SMR_75 and under and Limiting long-term illness - done using the sum of the Z-scores) and a given set of Cost Ratios is determined via a linear regression model, weighted by the population of each intermediate geography zone. This linear model is as shown below, 

Cost ratio ~ Acute Index + Health Board Dummies + Supply Variables + Error,

The model-fit can be quantified in an R2 value. R2 is a measure of how close the data points are to the linear regression line created from the above model. An R2 value of 0 indicates that the model is not explaining any of the variability of the response data around the mean (i.e. the linear regression line is not a good fit to the data).  An R2 value of 1 indicates that the model is explaining all of the variability of the response data around the mean (i.e. the linear regression line is a perfect fit to the data). The model-fit values obtained for the four sets of Cost Ratios derived from the four case-mix adjustment approaches are summarized in Table 6. Residuals versus Fitted Values plots were also created for each set of Cost Ratios and these plots can be found in Annex C, D and E.  All of these plots show a random scatter of residuals around the mean zero, indicating that the error term has mean zero, constant variance and the errors are normally distributed. There are no obvious patterns in the points which indicate that the errors are uncorrelated and the assumptions of the linear model all hold. 

Table 6: R2 values for the four approaches 
	Diagnostic Group
	R2 Values

	
	NRAC
	PLICS components
	PLICS regression
	HRG

	Cancer
	0.25
	0.23
	0.22
	0.16

	Digestive
	0.60
	0.60
	0.56
	0.45

	Heart
	0.27
	0.27
	0.38
	0.30

	Injury
	0.41
	0.39
	0.44
	0.37

	Acute Other
	0.62
	0.61
	0.60
	0.55

	Respiratory
	0.57
	0.57
	0.60
	0.56


Given the close similarity of the Cost Ratios derived from the NRAC and PLICS components methods (Section 5), it is unsurprising that the subsequent model-fit R2 values are very similar for these two methods. 
The R2 values are all consistently higher for NRAC, PLICS components and PLICS regression, with the exception of the Heart diagnostic group for NRAC and PLICS (components), than for the HRG method. This implies that the linear model of the current Acute Index provides a better fit to the Cost Ratios derived from the NRAC, PLICS components and PLICS regression methods than it would do to those derived from the HRG method. However, these differences are only statistically significant in the case of three of the diagnostic groups (the Confidence Intervals for the R2 values are given in Annex F). 
The R2 values are higher for the PLICS regression than for the other approaches for three of the six diagnostic groups (Heart, Injury and Respiratory). The PLICS regression approach also yields similar R2 values for the remaining three groups as the current NRAC method and PLICS components method. This implies that the linear model provides a fit to the Cost Ratios derived from the PLICS regression method that is certainly no worse than the NRAC and PLICS components. 
It would not be appropriate to use the model fitting R2 values as a discriminating criterion between the validity of the four approaches, because; a) the existing Acute Index was derived in reference to Cost Ratios calculated using the current NRAC method and b) the R2 values depend on the degrees of averaging / aggregation within each method. Instead, the R2 values can only be used as a pragmatic guide as to whether the adoption of one of the alternative options would lead to any substantial change to the model-fit supplied by the existing Acute Index. It is clear from Table 6 that the adoption of the PLICS components method would have no such effect in either case. The adoption of the PLICS regression method might slightly increase the model-fit for some diagnostic groups; whereas the adoption of the HRG method would lead to substantial reductions in the model fit for some diagnostic groups. 
Does Length of Stay or HRG code provide a better case-mix adjustment variable?

One objective statistical test was carried out to compare the Effect Sizes (the fraction of dependent variable variance that is explained by the model being investigated) associated with; a) the fit of the linear regression model between the episode level PLICS cost data and Length of Stay data (as used for Option 2) and b) the fit of a uni-variate ANOVA model between the episode level PLICS cost data and HRG code data. 
The results indicate that Length of Stay explains more of the variability seen in the episode level PLICS cost data than HRG code (Table 7). Such an approach has the limitation that the derivation of the PLICS costs is not independent of the Length of Stay, such that one might expect that method to be favoured. Nonetheless, provided that the PLICS cost per episode data is accepted as being the best available guide to true costs, then this test does provide a basis for assessing which is the better single-variable case-mix adjustment. 
Table 7: Effect size results
	Specialty
	Effect Size

	
	HRG dummy variable regression of HRG code vs. Cost per episode
	PLICS regression of Length of Stay vs. Cost per episode

	Accident & Emergency
	0.006
	0.664

	Acute Other
	0.199
	0.378

	Cardiac Surgery
	0.316
	0.418

	Cardiology
	0.405
	0.455

	Clinical Oncology
	0.182
	0.869

	Communicable Diseases
	0.217
	0.87

	Coronary Care Unit
	0.36
	0.605

	Dental
	0.29
	0.804

	Dermatology
	0.301
	0.881

	Ear, Nose & Throat
	0.535
	0.383

	Gastroenterology
	0.204
	0.86

	General Medicine
	0.096
	0.928

	General Practice
	0.095
	0.728

	General Surgery(exc Vascular)
	0.338
	0.628

	Geriatric Assessment
	0.068
	0.918

	Gynaecology
	0.467
	0.701

	Haematology
	0.242
	0.919

	Intensive Care Unit
	0.204
	0.926

	Maxillofacial Surgery
	0.395
	0.452

	Medical Oncology
	0.139
	0.924

	Medical Paediatrics
	0.221
	0.943

	Nephrology
	0.232
	0.897

	Neurology
	0.085
	0.893

	Neurosurgery
	0.305
	0.671

	Ophthalmology
	0.146
	0.72

	Oral surgery
	0.373
	0.576

	Orthopaedics
	0.4
	0.585

	Plastic Surgery & Burns
	0.372
	0.613

	Rehabilitation Medicine
	0.105
	0.769

	Respiratory Medicine
	0.161
	0.917

	Rheumatology
	0.215
	0.931

	Spinal Paralysis
	0.223
	0.999

	Surgical Paediatrics
	0.393
	0.664

	Thoracic Surgery
	0.501
	0.371

	Urology
	0.371
	0.578

	Vascular Surgery
	0.312
	0.637

	OVERALL (across all specialities)
	0.181
	0.599


Evaluation of options against the TAGRA core-criteria

In order to inform discussion, AST have attempted to evaluate the existing method and three options against the TAGRA core-criteria. 
	
	Equity
	Practicality
	Transparency

	Existing NRAC method
	- Based on estimates from only 5 specialties
	- Requires regression analysis
	- Relies on untested assumption that 5 speciality type regressions can be applied to other specialities

	Option 1 – PLICS component method
	+ All specialty splits are calculated, so might be expected to better capture variation
	+ Does not require regression analysis
+Based on data that will be updated in future
	-Method is simple conceptually, but in practice it is difficult to understand the subtleties 

	Option 2 – PLICS regression method
	+ Regression is run for all specialties, so might be expected to better capture variation
	- Requires regression analysis
+Based on data that will be updated in future
	+ Arguably the simplest method to communicate

	Option 3 – HRG method
	+ Case-mix adjustment parameters are available for all specialities, so might be expected to better capture variation
- Based on relative HRG weights from the 2011/12 Scottish National Tariff. The HRG codes used in this method are out of date (2009/10) and there are no plans to recalculate the current Tariff in the future

	+ Does not require regression analysis
- Based on relative HRG weights from the 2011/12 Scottish National Tariff. The HRG codes used in this method are out of date (2009/10) and there are no plans to recalculate the current Tariff in the future

	+ Relates to UK wide costing codes
- Method is relatively simple conceptually, but in practice it is difficult to understand the subtleties 


	
	Objectivity
	Avoiding perverse incentives
	Relevance

	Existing NRAC method
	- Does not make use of up to date costing data
- Based on estimates from only 5 specialties
	No distinction between options
	- Method relies on extrapolation of only 5 speciality level regressions to all other areas

	Option 1 – PLICS component method
	+ Makes use of up to date costing data
+ All specialty splits are calculated
	
	+ Case-mix adjustment parameters are available for all specialities

	Option 2 – PLICS regression method
	+ Makes use of up to date costing data
+ All specialty splits are calculated
	
	+ Case-mix adjustment parameters are available for all specialities

	Option 3 – HRG method
	+ Makes use of up to date costing data
+ Case-mix adjustments for all specialities are calculated
- Based on relative HRG weights from the 2011/12 Scottish National Tariff. The HRG codes used in this method are out of date (2009/10) and there are no plans to recalculate the current Tariff in the future
- Based on the analysis undertaken here, HRG code does not provide any better a case-mix adjustment variable than Length of Stay
	
	+ Case-mix adjustment parameters are available for all specialities


	
	Stability
	Responsiveness
	Face validity

	Existing NRAC method
	+ Is the existing method
	- Relies on an old method and not the most up to date costing data

	As true value of Cost Ratios are unknown, there is no objective standard against which face validity can be assessed. 
All four approaches yield generally similar Cost Ratios at the Diagnostic Group / Intermediate Geography level, implying that making Face Validity distinctions between them will be challenging.

Some Cost of Admission / Cost per Day estimates have been shared with DOFs/Financial Planners but not scrutinised fully due to the time constraints.

	Option 1 – PLICS component method
	+ Leads to very similar outcomes to existing method
	+ Uses up to date costing data

- PLICS methodology for Allocated costs may change in future, which would then effect the present costing method
	

	Option 2 – PLICS regression method
	+/- Leads to slight differences from existing method
	+ Uses up to date costing data

- PLICS methodology for Allocated costs may change in future, which would then effect the present costing method
	

	Option 3 – HRG method
	- Leads to moderate differences to existing method
	+ Uses up to date costing data
- Future usage of HRG in Scotland is not certain
	


Based on the strengths and weaknesses presented in the table above, it is clear that (with the necessary exception of stability) the known disadvantages (as outlined in Section 3) of the existing NRAC method mean that any of the three options would arguably lead to an improvement against the core criteria. This is particularly the case in that they would allow for case-mix adjustment to be applied to all specialities individually and because they make use of more up to date costing data sources.
Making a recommendation between the three alternative options is more challenging. The HRG approach has two advantages over the two PLICS-based ones. Firstly, it is not contingent on future developmental work within the PLICS method that may affect the 

allocated costs. Secondly, there is no risk of over-estimating model-fit / effect-size through non-independence of Length of Stay and PLICS cost. However, set against this are threedisadvantages. Firstly, the adoption of the HRG method would lead to larger differences (loss of stability) from the current method. Secondly, the statistical test results suggest that HRG code does not form a better case-mix adjustment variable (Section 6) than Length of Stay. Thirdly, the available HRG codes are more out of date than the available PLICS data. On balance of these concerns, the HRG method is less favoured as an alternative approach than the PLICS based ones. As the wider PLICS approach will continue to be developed over the coming years, the adoption of a PLICS based option here would represent a forward looking choice. Such a choice would also allow for the inclusion of a PLICS-based element within the NRAC formula, without entailing its use as the basis of the entire Acute MLC costing methodology.
Between the two PLICS based methods, the PLICS components approach has the Practicality advantage of not requiring regression analysis to derive the % cost split terms but it does rely on the IRF team in ISD to produce this output. However, the PLICS regression method is perhaps the easiest to justify / explain, it makes the most explicit use of the now-available episode level costing data and can be readily analysed within the Costs team within ISD.  In terms of Stability, the PLICS regression method will lead to larger changes from the existing Cost Ratios than the PLICS component method. It is at least interesting to note that the PLICS regression method yielded significant higher Acute Index model-fit R2  values for one of the diagnostic groups (and no significant difference for the other five) than under the PLICS component method. Across these factors, there is considered to be very little to choose between the methods, but a slight preference could be exhibited for the PLICS regression method on grounds of communicability, practicality and transparency.
7. Decision required from subgroup
The subgroup is asked to consider all four approaches taking into account the analysis and the evaluation against TAGRA’s core criteria as discussd in Chapter 6, before a final recommendation is presented to TAGRA. 
ANNEX A 

PLICS COST COMPONENTS
The table below describes each of the components used to calculate the PLICS “Cost of admission” and “Cost per day” percentage split.  

“Estimates only” is emphasising that the PLICS method is still developmental.
	PLICS Component Description
	Notes

	Number of discharges in period from SMR
	Number of SMR episodes with discharge date in financial period. For long stay there will be more episodes than discharges as data includes current residents. This impacts average OBD/LOS calculation below.

	Occupied bed days in period from SMR
	Stay in financial period only in days; For inpatients with LOS = 0; OBD set to 0.33

	Total net costs including overhead allocation
	Estimates only. Direct + Allocated = Total costs.

	Total net direct costs
	Estimates only

	Total net allocated costs 
	Estimates only

	Costs applied on admission
	Medical, Labs, Radiology direct costs

	Costs applied per day
	Medical, Nursing, Labs, Radiology, AHP Other, Other direct care (after any HCI exclusions) direct costs

	High cost items costs*
	HCI unit costs applied separately based on procedure codes (direct costs)

	Theatre department and medical procedure related costs*
	Medical procedure minute costs + theatre minute costs (after any HCI exclusions) direct costs


*High cost items costs and Theatre department and medical procedure related costs are excluded from the per day costs and so by default considered admission type costs.
ANNEX B

PLICS COMPONENTS – PLICS ALLOCATED COSTS CALCULATION 

 **DRAFT only – 14/08/2014**

In calculating the total net costs for an inpatient episode using the PLICS methodology direct costs are first calculated by applying the unit tariffs to the episode activity as in example below:.

Hypothetical example from IRF presentation by NHS Highland:

(i) Calculated PLICS unit tariffs for Hospital A, General Surgery:

[image: image19.png]Hospital A - Inpatient Tariffs

Specialty | Adm Application Total | Medical | Nursing | Pharmacy | Labs | AHPs | Other
Type (x10)
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(ii) Applying the sample PLICS unit tariffs above to a hypothetical patient record with the following details:

· New inpatient admission at Hospital A, General Surgery

· Length of stay = 3 days at Hospital A, General Surgery

· Procedure = KXX.X; Average theatre time = 60 minutes

· High cost item procedure = KXX.X; Unit cost = £2000

[image: image20.png]Admission Cost
Cost per Day

Medical procedure time
Theatre

High Cost ems

Total Direct cost

OH Allocation

[—_Units[_Wedical] Nursing[Pharmacy[ Labs| AHPs[Other| Theatres| Total|
TAdms £0 20 0 €0 20 0 F)
3Days  £120 €450 24 5 3 % 20 £609
60Mins  £240  £0 0 0 0 @ 20 £240
60 Mins 0 €0 20 0 £0 £ £600 £600
1KICX 0 €0 £0 €0 0 €0 £2000 £2.000
00 €450 24 €36 £23 6 £2600 £3539

£1.062
£4.601





These direct costs can be split into two broad types a) those applied on admission or fixed type costs e.g. medical cost per admission, high cost item, theatre costs, etc and b) costs that are applied per day or variable type costs e.g. nursing cost per day, medical cost per day, etc. The total direct cost is therefore the sum of all these fixed and variable direct costs. In the example above this is £3,539.

The next stage is to calculate the episode’s allocated costs. Currently allocated costs are calculated by applying an overheads % proportion to all direct costs equally so allocated costs = x% * total direct costs i.e. the same overheads rate is applied to all types of direct cost. The overhead % proportion, here 30%, is calculated from the Costs Book SFR5.3 as allocated costs (minus other income) / total direct costs (minus labs) for that line number. The allocated costs for the episode above is therefore 30% * £3,539 = £1,062 and the total net cost is £4,601. 

One area for future development is that some direct cost elements should have a different overhead allocation proportion applied e.g. for high cost items an overhead proportion that excludes heating, lighting, etc as these may not apply to equipment. However, as noted above, currently the same overheads rate is applied to admission and per day costs. It is for this reason that allocated costs were not included in the PLICS fixed: variable proportion calculation (i.e. type (b) direct costs only / total direct costs).
ANNEX C
RESIDUALS VERSUS FITTED VALUES PLOTS FOR NRAC VS PLICS COMPONENTS
Below are the twelve residual versus fitted value plots comparing the two costing methods, NRAC and PLICS components methods.
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ANNEX D

RESIDUALS VERSUS FITTED VALUES PLOTS FOR NRAC VS PLICS REGRESSION

Below are the twelve residual versus fitted value plots comparing the NRAC and PLICS regression methods (NRAC is same as in Annex C, but is reproduced for reference).
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ANNEX E
RESIDUALS VERSUS FITTED VALUES PLOTS FOR NRAC VS HRG

Below are the twelve residual versus fitted value plots comparing the NRAC and HRG methods (NRAC is same as in Annex C and D, but is reproduced for reference).
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ANNEX F
CONFIDENCE INTERVALS OF R2

The table below shows the 95% Confidence Intervals for the R2 values associated with the model-fit of the existing Acute Index to the Cost Ratios derived from the current NRAC method and the three alternative approaches.
	Diagnostic Group
	R2 Confidence Intervals

	
	NRAC
	PLICS
Components
	PLICS Regression
	HRG

	Cancer
	(0.21, 0.29)
	(0.19, 0.27)
	(0.18, 0.26)
	(0.12, 0.20)

	Digestive
	(0.57, 0.63)
	(0.57, 0.63)
	(0.52, 0.60)
	(0.41, 0.49)

	Heart
	(0.23, 0.32)
	(0.23, 0.31)
	(0.34, 0.42)
	(0.26, 0.35)

	Injury
	(0.37, 0.45)
	(0.35, 0.43)
	(0.40, 0.48)
	(0.32, 0.41)

	Acute Other
	(0.59, 0.65)
	(0.58, 0.64)
	(0.57, 0.63)
	(0.51, 0.58)

	Respiratory
	(0.53, 0.60)
	(0.53, 0.61)
	(0.57, 0.63)
	(0.52, 0.59)
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