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Executive Summary

A weighted capitation formula is used to set target shares of the national health budget
for Clinical Commissioning Groups (CCGs). The weighted capitation formula assesses
the relative need per head for health care services across the country adjusted for
differences in unavoidable costs.

During 2015, NHS England Analytical Services undertook a major project to refresh
and update most of the weighted capitation formulae used to set target shares for
CCG core allocations. The formulae refreshed were the general and acute, maternity,
prescribing and the Emergency Ambulance Cost Adjustment.

The refresh encompassed collecting a large volume of data and re-estimating the
previous models using regression analysis to give an updated set of weights per head
for age, morbidity and other factors. We followed the same approach and methodology
used to develop the previous formulae, and used more recent data.

We used anonymised data at the individual level on the use of hospital services and
anonymised, individual level data for GP practice registered lists. We also collected
data on the characteristics of their area of residence and NHS health services.

For general and acute and maternity services, we predicted cost weighted utilisation of
hospital services in 2013-14. The main explanatory factors were age, sex, and
morbidity. For prescribing, we modelled the cost of drugs prescribed in 2013-14. The
main explanatory factors were age, sex and morbidity indicators. After adjusting for
relative capacity of health services, these are taken to be estimates of need per head.

This research provided new weights per head for the general and acute, maternity and
prescribing formulae, and also a new index for the relative, unavoidable costs of
providing emergency ambulance services across the country

This report sets out in detail our work to refresh the formulae. The refresh of the
formulae was inevitably a highly technical project. This report is intended as technical
report and record of the modelling. It explains in detail the data used, issues with the
data and how these were addressed, the methodologies adopted for the modelling,
and how the results were assessed. This report is not a statement of allocations’

policy.

A technically based overview of the refresh is in section 2 for the general and acute
modelling, and similarly at the start of the sections for prescribing, maternity and the
EACA.

A less technical summary of the work is provided in the Technical Guide to Allocation
Formulae and Pace of Change: For 2016-17 to 202-21 revenue allocations to Clinical
Commissioning Group and commissioning areas (NHS England, 2016). The Technical
Guide also sets out how the results from the modelling were used to set target core
allocations for CCGs for 2016-17 to 2020-21.

The Advisory Committee on Resource Allocation (ACRA) is an independent, expert
committee responsible for recommending the formulae for allocations to NHS England.
ACRA oversaw and steered the work to refresh the formulae, including agreeing the
work plan, approach and methodology. Regular reports on progress and interim
results were discussed at ACRA’s meeting and with its Technical Advisory Group
(TAG). ACRA scrutinised the results of the refresh and recommended to the Chief
Executive of NHS England that the refreshed formulae are adopted for core allocations
to CCGs from 2016-17.

10
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1 Introduction

Since 1976, a weighted capitation formula has been used to set target shares of the
national health budget for each local area. Since 2013, this has been for Clinical
Commissioning Groups (CCGs). The weighted capitation formula assesses the
relative need per head for health care services across the country and differences in
unavoidable costs.

During 2015, NHS England Analytical Services refreshed and updated most of the
weighted capitation formulae used to set target shares for CCG core allocations. The
formulae were general and acute, maternity, prescribing and the Emergency
Ambulance Cost Adjustment.

The refresh encompassed collecting a large volume of data and re-estimating the
previous models using regression analysis to give an updated set of weights per
head for age, morbidity and other factors. We followed the same approach and
methodology used to develop the previous formulae, and used more recent data.

This report sets out in detail our work to refresh the formulae.

The Advisory Committee on Resource Allocation (ACRA) is an independent, expert
committee responsible for recommending the formulae for allocations to NHS
England. ACRA oversaw and steered the work to refresh the formulae, including
agreeing the work plan, approach and methodology. Regular reports on progress and
interim results were discussed at ACRA’s meetings and with its Technical Advisory
Group (TAG). ACRA scrutinised the results of the refresh and recommended to the
Chief Executive of NHS England that the refreshed formulae are adopted for core
allocations to CCGs from 2016-17. Our gratitude is extended to members of both
groups for their input.

A common dataset was used for most of the formulae. We are grateful to the Health
and Social Care Information Centre for providing us with patient level, hospital
activity data from the Secondary Uses Services linked to GP practice registrations
data from the Personal Demographic Service. The patient level data were
anonymised — no nhames, postcodes, or date of birth were included. The data were
accessed at a secure data facility from which no patent level data could be removed.

The weighted capitation formula sets target shares of the national budget. Actual
allocations are set by pace of change policy, which determines how far CCGs’ actual
allocations are moved towards their target allocations each year. Pace of change
policy is outside the scope of this report.

Sections 2 to 8 cover general and acute services, section 9 maternity, section 10
prescribing, and section 11 the emergency ambulance cost adjustment.

The formulae for mental health and specialised services are not covered in this
report.

This is intended as a technical report, including much detail on how we managed the
data as a reference document for those in the future who may refresh this work. This
is not a policy document. Reference should be made to other papers for allocations
policy, a summary of the formula and how allocations are calculated.

11
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2 General & Acute: Overview

2.1 Introduction

This report explains how NHS England Analytical Services updated and refreshed
the Nuffield Trust’'s Person Based Resource Allocation (PBRA) approach to
developing need weights by GP practice by age-sex group for general and acute
services.

The weights from Nuffield’s PBRA were used to inform funding allocations to Clinical
Commissioning Groups (CCGs) in 2014-15 and 2015-16.

The work by Nuffield has been updated and refreshed to inform allocations to CCGs
from 2016-17. The refresh of the general and acute formula is often referred to in this
report as the PBRA 2011 formula refresh.

Maps of CCGs are shown in Figure 2.1 and Figure 2.2.

Figure 2.1: NHS England CCGs (cartograms)

Clinical Commissioning Groups and NHS Commissioning Hubs Background data - GP Population Oct 2015 (‘000s)
NHS England Cartogram GP Registrations by CCG (Persons)
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Concise data maps, giving equal visual weighting for each CCG. Standard projection maps tend to
give prominence to large rural expanses, while small urban areas disappear. CCG cartograms help to
emphasise our commitment to a ‘fair shares’ formula, giving equal prominence to every CCG,
regardless of geographical area or population.
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Figure 2.2: NHS England CCGs

England A
Median age

(Total number of areas = 211)

45 or over (17)

42 to <45 (51)

. 39 to <42 (69)

, g 36 to <39 (24)
' 33to0 <36 (27)

<33 (23)

"3

Source: Office for National Statistics
Contains National Statistics data © Crown copyright and database nght 2013
Contains Ordnance Survey data © Crown copyright and database right 2013

Source: ONS website (see below?)

! As of April, 2015, three CCGs had merged, namely: 00F NHS Gateshead CCG; 00G NHS
Newcastle North and East CCG, and 00H NHS Newcastle West CCG. These have formed Newcastle
Gateshead CCG (code 13T) and thus there were 209 CCGs at the time of obtaining figure 1 from the
ONS website.
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2.2 Overview of objectives

In summary, our objectives were as follows.

2.2.1 Model health care costs

To model the effect on the cost per person of all hospital activity in 2013-14 of patient
needs and supply variables for the years 2011-12 and 2012-13 using person level
data. We considered a large number of variables expected to impact the cost of
patient care. Some variables are likely to be associated with a higher cost of care, for
example, higher levels of morbidity, whereas some are likely to be associated with a
lower cost of care, for example being in a younger age group).

2.2.2 Predict health care costs

To predict the estimated cost per head of care in a validation sample using the
parameters we have estimated from the model, and to measure the difference
between observed and predicted costs in the validation sample. Thus, we are aiming
to see how well our modelled costs are able to reflect the observed costs in a
separate and exclusive sample, and in so doing, attempting to identify a preferred
model for use in the final application.

2.2.3 Generate age-sex group predicted weights

To generate predicted weights by age-sex group for each GP practice registered list
as at October 2015 using the model we deem to be the best predictor, taking into
account plausibility, parsimony and predictive power. These weights can then be
used in the allocations process to inform target allocations to CCGs.

2.3 Overview of data employed

2.3.1 Secondary Uses Service (SUS) Payments by Results data

PBRA (2011) used person level Hospital Episode Statistics (HES) for their hospital
activity data to be modelled. The alternative to HES data used in this refresh is the
Secondary Uses Service (SUS) data, from which HES data are derived.

We were informed through a consultative process with the Health and Social Care
Information Centre (HSCIC) that SUS Payments by Results (PbR) data have a
number of advantages over HES data, in particular the SUS PbR data already have
costs included in the data set where there are mandatory Payment by Results tariffs.

The SUS PbR data are cleaned by the HSCIC to a lesser extent that HES, but we
were able ourselves to implement many of the cleaning processes used for HES on
the SUS PbR dataset.

There were a small number of fields we required that were not available in the SUS
PbR data but are in HES. The HSCIC created these for us in the SUS PBR data
extract.

The SUS PbR data were provided to NHS England as several segregated datasets,
namely: admitted patient care (APC); outpatients (OP); critical care (CC) and
accident and emergency (A&E).

The SUS PbR data were provided for the financial years 2010-11 to 2014-15. The
data contain a wealth of detail for each episode; start and end dates, diagnoses
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operative procedures, consultant specialty, elective or non-elective admission,
provider, and Health Resource Group (HRG).

2.3.2 Patient level GP Practice data

We furthermore obtained person level data from the HSCIC’s personal demographic
services (PDS). We were provided with PDS snapshots of the GP registration list at
the person level, taken on 1 April in each financial year from 2009-10 to 2014-15. We
were provided from the PDS data each registered person’s age, sex, month of birth,
small geographical area of residence (LSOA) and GP practice code.

2.3.3 Linking SUS PbR data and PDS data

Hospital activity from the SUS PbR data was linked to the PDS data at the person
level.

The HSCIC created special identifiers (ID) for the project for each APC episode, OP
attendance, A&E attendance and critical care. The HSCIC also created special
identifiers for each person in the PDS data, and provided a ‘bridge’ file mapping the
IDs in the SUS PbR data to the PDS data.

The linking of the different data sets was undertaken by NHS England to create a
record for each individual in the PDS data set that also contained all their APC
episodes, OP attendances, A&E attendances and critical care days in the SUS PbR
dataset. This included people who had received no hospital care during the period
recorded in the SUS PbR dataset.

In practice, we linked data for 2011-12 to 2013-14 at the person level, creating a
record of the hospital care each person received over this three year period, for those
registered with a GP practice in 2013- 2014.

The bridge file also allowed NHS England to combine hospital APC episodes into
spells at the person level.

2.3.4 Attributed variables

Attributed supply and need variables refer to data that are not available at the person
level, so the value of the small area where they live is given to each person in that
small area. These include for example the percentage of the small area’s population
in each ethnic group. Other attributed variables include the distance to hospitals from
each small area centroid.

We collected a wide range of attributed variables, from for example the 2011
Population Census and social security data published by the Department for Work
and Pensions.

We sought to collect the same data for attributed variables tested by PBRA 2011.
Some data were no longer available or had changed, and for these cases we
collected the most comparable data available. We collected also additional data not
tested by PBRA 2011.

We also took into account evidence to suggest the attributed variables could act as
independent drivers in addition to age, sex and morbidity.
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2.4 Overview of the methodology

2.4.1 Needs based formula

Conceptually, the formula aims to be need-based. Thus, the formula aims to follow
the principle for allocations of equal opportunity of access to healthcare for equal
need.

2.4.2 Based on the Nuffield Research

The PBRA refresh is based on, and updates, the Nuffield report Updating and
enhancing a resource allocation formula at general practice level based on individual
level characteristics (person-based resource allocation), 2011 (PBRA 2011).

2.4.3 Purpose of the analysis

According to PBRA (2011), ‘the purpose of the modelling is to estimate the
contribution of supply and needs factors in explaining variations in health care costs
at individual and GP practice level. The analysis is undertaken at person level but the
calculation of relative expenditure needs is required at practice level...’

2.4.4 Estimate of health costs

The general and acute (G&A) formula is the modelled costs of individual persons’
total G&A hospital healthcare in a given year, based on a number of explanatory
variables which represent individuals’ needs and the local supply of healthcare
available to each person. The fundamental unit of analysis is therefore the person.
The person and their prospective healthcare needs are therefore central to the
formula.

2.4.5 Formula Expression
In mathematical notation, very simply we are modelling the following function:

C=f(N,S)

Equation 2.1

Where the dependent variable, C, is the cost of patient care per head in 2013-14 and
N and S stand for needs and supply variables thought likely to affect patient need.

Supply variables are measures of local capacity in health care services. In actual
allocations, the supply variables are set to the national average so that areas with
lower costs per head due to low capacity are not penalised. This means allocations
are based on estimated cost-weighted need rather than on estimated costs.

2.4.6 Dependent and independent variables

The dependent variable in the modelling is the aggregated cost of G&A hospital care
in 2013-14 per person from the three datasets — admitted patient care (APC),
outpatient attendances (OP) and accident and emergency (AE) attendances for each
service user.

The independent variables, or right hand side variables, or explanatory variables
used were age, sex, morbidity over the prior two years as recorded by diagnoses for
inpatient attendances, a count of the number of morbidities recorded, interactions
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between morbidity Chapters (ICD10 chapters) as a co-morbidity measure, whether
the care provided was on a private basis, whether the patient was newly registered at
a GP practice. In addition, a large selection (initially over 200) of LSOA level, GP
practice level, and hospital level ‘attributed needs and supply’ variables were tested
and a sub-set included in the final model, having been selected through modelling.

Morbidity was defined by grouping ICD10 diagnoses into 152 groups, as defined by
the HSCIC and following PBRA (2011).

2.4.7 Ordinary Least Squares models

Following PBRA (2011), we employed Ordinary Least Squares (OLS), using 2013-14
costs per person as our dependent variable and tested the variables described above
to give the best model.

We discussed alternative models such as multi-level modelling and panel data
approaches, but PBRA (2011) had found that these offered little advantage over OLS
with such a large dataset.

Furthermore, the objective given to us was to update and refresh the PBRA formula,
rather than develop a new model. Pragmatism also favoured OLS due to it being less
demanding on computing power available; as it was the OLS regressions took many
hours to run.

2.4.8 Selection of the year for the dependent variable

Providers can submit updates to the SUS PbR data set well after the end of the
relevant year.

Costed activity in 2013-14 was used for our dependent variable, as this was the last
year in the dataset for which we were confident that the whole year’s activity,
payment by results’ tariffs, and diagnoses data had been included. For this year,
updates to SUS PbR could have been submitted for just over one year prior by the
date the data extract was taken for this project. We were advised by the HSCIC that
for the last financial quarter of 2014-15, and patrticularly the last month of the financial
year, many SUS PbR data fields had not yet been submitted or verified by the date
the data were extracted for this project. We therefore took the decision to use the
latest year with complete data for our modelling (2013-14).

2.4.9 Excluding specialised services and maternity activity

The way in which the costs of maternity, mental health and specialised services were
removed during the calculation of the dependent variable can be found in section 3.
Morbidity indicators for maternity, mental health and specialised services in 2011-12
and 2012-13 were included as explanatory variables for the modelling of the cost of
G&A in 2013-14.

2.4.10 Estimation Sample

The estimation sample is the sample used for the selection of variables and
estimation of the variable coefficients at the individual level. Separate validation
samples were used to predict costs and test for the performance against observed
costs.
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2.4.11 Sampling Decisions

Due to the large size of the dataset and limitations in available computing power and
time, we elected to use an estimation sample consisting of 15% of persons in the
Personal Demographic Services (PDS) as at April 2013. PBRA (2011) used a 10%
sample.

We felt that given the increased computing power available to us since PBRA (2011),
taking a larger sample could be beneficial to our modelling and would certainly do no
harm. Using larger samples could offer increased accuracy in terms of the parameter
outputs and hence offer marginal improvements in our predictions.

2.4.12 Representativeness of estimation sample

We examined the distributions of costs, need and supply variables between the
estimation sample and 100% of the cleaned dataset and found our sample to be
representative of the whole data set.

2.4.13 Selecting the final model
Age, sex and morbidity markers were included in all of the models.

A plausible, but exhaustive set of attributed variables likely to affect costs was
included in the initial specification of the model; this was then refined and variables
excluded to give the plausible model with the best explanatory power.

The decision on which attributed variables to include was taken mainly on the results
of quantitative variable selection procedures, but also involved analytical judgement.

The analytical judgement involved looking at the variables that had been selected
during the quantitative variable selection procedures and their corresponding
coefficients. Whether or not the sign (positive or negative) of the attributed variable
aligned with prior theories about the effect of the variable on healthcare costs was an
important consideration in whether to include or exclude the attributed variable.

Judgement was only exercised over the attributed need and supply variables which
have a relatively small role in the models compared with age, sex and the morbidity
markers.

2.4.14 Assessment of robustness of the model

The coefficients from the modelling using the estimation sample were applied to the
separate validation sample of 15% of registered patients at April 2013 to calculate
predicted cost at the person level. The validation sample was mutually exclusive to
the 15% estimation sample.

The assessment of explanatory power of the model was undertaken on a 15%
sample of GP practices, comparing predicted with observed costs per head. The
robustness of the model for these 15% of GP practices was assessed using the R-
squared statistic, mean absolute error (the average absolute difference between the
predicted and actual costs), the proportion of GP practices where the predicted and
actual costs differed by more than 10%, and a number of other measures.

2.4.15 Weights for allocations

The predicted need weights per head by age-sex group for each GP practice from
the final model can be can be applied to the latest registered lists. They were applied
to October 2015 registered lists as part of this project, and these weights were used
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to inform target allocations to CCGs. The latter is set out in Technical Guide to
Allocation Formulae and Pace of Change: For 2016-17 to 202-21 revenue allocations
to Clinical Commissioning Group and commissioning areas (NHS England, 2016).

2.4.16 Unmet Need

The question of so-called unmet need is often raised as the above methodology
estimates need from observed utilisation. ACRA and NHS England recognised this
issue and have taken steps to address this and other areas not captured by the
formula. This is covered in Technical Guide to Allocation Formulae and Pace of
Change: For 2016-17 to 202-21 revenue allocations to Clinical Commissioning Group
and commissioning areas (NHS England, 2016).

2.5 Governance

2.5.1 Data anonymisation

Patient level data was anonymised to maintain patient confidentiality, a key concern
for clinicians, patients, service users and for NHS England.

Specially constructed patient identifiers were created by the HSCIC. We were not
provided with individuals’ NHS numbers, exact dates of birth (only the month and
year of birth were proved), or home addresses and postcodes The lowest level of
identifiable geographical domicile proved was the lower level super output area
(LSOA).

2.5.2 Data approval and access

Beyond this data anonymisation process, the HSCIC worked jointly with the team in
NHS England Analytical Services to ensure there was a formal process for approving
the data to be provided, the individuals in NHS England who had access to the data,
and ensuring that individual patients could not be identified through the combination
of datasets made available. There was also a formal change control process in place.

Furthermore, the data were only made available to NHS England Analytical Services
at a secure data facility, from which no patient level data could be removed.

2.5.3 Oversight

These governance processes were overseen by professionals in the HSCIC at a
number of levels and specialties (for example senior management, data
management, information governance). Moreover, only a specific designated team of
a limited number of NHS England analysts and academics contracted by NHS
England Analytical Services for this project, all of whom completed the information
governance training required by the HSCIC. The academics appointed had also been
through a further layer of governance, examination and formal contractual
confidentiality agreements before being appointed by NHS England for this project.
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2.6 Quality assurance

We undertook an in-depth quality assurance of our modelling. In particular we:

followed the Nuffield methodology and approach;

spent considerable time on the pre-processing and cleaning of data after
its collection;

examined the data for implausible values and compared our core data at a
high level with other sources, such as the number of registered patients,
activity volumes and waiting times. This for example identified issues with
the registrations data provided to us from the personal demographic
service which were corrected. We removed clear data errors from our data
set;

tested for duplication in the data by running programmes using for example
month of birth (we did not hold day of birth), admission date, diagnoses,
LSOA and GP practice.

peer reviewed the coding in the software package;
examined the results for plausibility, and investigated outliers;

obtained advice from experts in the data to help with interpretation and to
gain knowledge of data issues;

compared the results in detail with the Nuffield models, which prompted
further testing and exploration of changes;

used a number of approaches to the modelling to help identify the most
robust models;

calculated statistical diagnostics tests to test if the models were robust;
examined variables for plausibility in direction of influence; and

presented all of the modelling and outputs for review by TAG and ACRA.
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3 General & Acute: Costing of the data for financial year
2013-14

3.1 Introduction

This section sets out how the data was costed for the refresh of PBRA (2011), and
thus how the dependent variable was constructed from the available data for the
project, and provides summary statistics of this variable.

The objective of this stage of our analysis was to estimate the ‘cost of care’ received
by each individual. The costs here are observed, actual costs, not predicted costs.
The steps to achieve this were:

e to attribute an appropriate cost to each spell, visit or attendance in each
dataset; and

e to aggregate all of the accumulated costs in the year 2013-2014 for each
person from all their spells and attendances in the year.

The person level costs per head could also be aggregated at, for example GP
practice level, to give an observed practice level cost of secondary care activity
attributable to all patients at that practice.

The aim of this section is to provide comprehensive information on the steps that
were taken to apply costs to the activity data

3.2 Glossary of terms

Out of necessity we will need to make use of terms such as spell, episode,
healthcare resource group (HRG), treatment function code (TFC), main specialty
code (MSC), national tariff, reference cost, market forces factor (MFF) and grouper.
These are briefly defined here for convenience.

3.2.1 Episode/Spell

An episode is inpatient treatment under the responsibility of one consultant. A spell
refers to a complete spell of care from admission to discharge. Most spells consist of
one finished consultant episode (FCE). However, a minority of spells may involve
more than one consultant and therefore more than one episode within the spell.

3.2.2 HRG (Healthcare Resource Groups)

The HRG refers to a grouping of similar clinical treatments with similar costs into a
‘currency’ for funding purposes and is also a record of patients’ treatments. There are
HRGs for most spells, outpatient attendances, and A&E attendances, and also for
some diagnostic procedures.

3.2.3 MSC (Main Specialty Code) / TFC (Treatment Function Code)

A MSC refers to the code identifying the specialty as designated by the Royal
Colleges. They may be defined by body systems, clinical function, disease or a
combination of these. MSCs are a subset of TFCs which also include approved
subspecialties and treatment specialties of lead care providers, including consultants.

21



OFFICIAL

3.2.4 National Tariff

Payment by results national tariff prices are a set of national prices and rules set by
Monitor and NHS England, which are used by commissioners to fund services on the
basis of the number of pre-defined sets of treatments provided.

3.2.5 MFF (Market Forces Factor)

The MFF refers to the percentage uplift to the national tariff based on variations in
unavoidable costs for staff, buildings and equipment between providers due to their
geographical location alone.

As the MFF is a measure of differences in unavoidable costs across the country due
to employment and premises costs, it is therefore not relevant to estimating need and
is not included in the costs per patient used in the modelling.

3.2.6 Reference Costs

Reference costs are average costs per unit of healthcare services submitted by
secondary healthcare providers and collected by the Department of Health. They are
used in the setting of payment by results national prices.

3.2.7 Grouper

The grouper is software employing an algorithm, which according to the HSCIC
website? is: ‘used to group data and derive HRGs, support data quality, conduct
what-if-modelling, and assess local reimbursement that will be received under PbR
for the 2013/14 financial year.’

3.3 Costing different services

In this project, a cost is applied to each spell, each outpatient attendance, each A&E
attendance and critical care days. This was undertaken for G&A, maternity and
specialised services.

This part of the report focuses on G&A care, however, since the same costing
processes were applied to maternity and specialised services they are also covered
here. How the costs of maternity and specialised services were removed from the
2013-14 costs for the G&A models is also covered.

This section explains how the datasets for the costing were created, how the data
cleaning was carried out and how the data was costed, including summary statistics.

Inpatient episodes spells (also called known as admitted patient care) and outpatient
attendances were divided into G&A for refresh of PBRA (2011), maternity (MAT) for
the refresh of the maternity formula, and specialised services (SPS) for the
development of the specialised services formula (which is not covered in this report).

Table 3.1 illustrates that for the G&A formula, we aggregated patients’ APC, their OP
visits and their A&E attendances. For maternity and specialised services, only APC
and OP were considered in the aggregation of a person’s costs. The A&E data
included no information on whether the attendances were for maternity or a
specialised service. All A&E costs were included in the G&A costs. In all cases a
mutually exclusive dataset was formed.

2 http://mww.hscic.gov.uk/article/2580/HRG4-201314-Local-Payment-Grouper
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Table 3.1: Datasets for pricing to be applied

Dataset Sub-datasets
Admitted Patient Care General and Acute
Maternity
Specialised Services
Outpatients General and Acute
Maternity
Specialised Services
Accident and Emergency n/a — included as part of the G&A formula

3.4 Identifying maternity and specialised services

3.4.1 Maternity

Maternity was identified as detailed in Table 3.2 in the APC and OP datasets. These
spells and outpatient attendances were removed from G&A dataset.

We removed well babies episodes from our dataset for the modelling. They have a
zero national tariff price as the maternity costs are attributed to the mother’s episode.
Should there be subsequent complications either to the baby or mother, this would
be captured in a separate episode.

3.4.2 Specialised Services (SPS)

SPS were identified using a flag that identified specialised services episodes and
outpatient attendances based on the 2014/15 Prescribed Services (PSS) tool.

This was not entirely straight forward as the toolkit gave ‘error’ when it was unable to
determine whether the episode or outpatient attendance was a specialised service.
These were mainly due to errors or missing data in the SUS PbR data, even though
the field in question often had no bearing on whether the episode or attendance was
specialised or not. The nature of the input error was usually obvious and corrected
through an iterative process of removing some of the errors, re-running, and focusing
on the causes of the remaining ‘error’ output rows from the PSS toolkit. Once all
typos and other input errors that could be fixed had been addressed, around 1% of
hospital records were unable to be classified as either specialised or not. Patients for
whom the tool did not work were treated as non-specialised.

Furthermore, in principle the PSS toolkit could classify some patients as specialised
based on their 14" or higher diagnoses or procedure codes. However, the SUS PbR
data provided by the HSCIC contained only up to 13 ICD10 diagnostic positions and
procedure codes for each episode and attendance. If an episode or attendance had
not been identified as specialised within the first 13 diagnoses and procedure codes
it was classified for this project as non-specialised.

Analysis for us by HSCIC, using a dataset which included all diagnostic positions and
procedure codes, indicated that only around 0.004% more episodes would have
been classified as specialised if our dataset had had all of these data. No more
outpatient attendances would have been classified as specialised if we had had all of
these data.

3 http://mwww.hscic.gov.uk/casemix/prescribedspecialisedservices
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Once segregated off, the 2013-14 SPS dataset was costed in the same way as other
APC and OPs.

Where a spell or outpatient attendance was identified as being both maternity and
specialised services, it was included in the costs of specialised services and omitted
from maternity costs.

3.4.3 Remaining G&A costs

The G&A cost dataset, after segregation in this way, did not include maternity or
specialised services spells of care. The maternity dataset did not include any spells
flagged as being specialised services. Specialised services may include maternity
spells since specialised services took precedence in terms of which dataset to assign
the spell to if flagged as both SPS and maternity.
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Table 3.2: How maternity was identified in each dataset

Dataset Identifying Variable Level Value Description

APC/OP Spell Core HRG SP /AT NZzZ04C Ante-natal or Post-natal Observation age between 16 and 40 years with length of stay 0 days
APC/OP Spell Core HRG SP/AT Nz04D Ante-natal or Post-natal Observation age under 16 or over 40 years with length of stay 0 days
APC/OP Spell Core HRG SP/AT NzZ05C Ante-natal or Post-natal Investigation age between 16 and 40 years with length of stay 0 days
APC/OP Spell Core HRG SP/AT NZzZ05D Ante-natal or Post-natal Investigation age under 16 or over 40 years with length of stay 0 days
APC/OP Spell Core HRG SP/AT NZzZ06Z Ante-natal or Post-natal Full Investigation with length of stay 0 days

APC/OP  Spell Core HRG SP/AT NZO7C Ante-natal or Post-natal Observation age between 16 and 40 years with length of stay 1 day or more
APC/OP  Spell Core HRG SP/AT NZO7D Ante-natal or Post-natal Observation age under 16 or over 40 years with length of stay 1 day or more
APC/OP  Spell Core HRG SP /AT NZO8C Ante-natal or Post-natal Investigation age between 16 and 40 years with length of stay 1 day or more
APC/OP Spell Core HRG SP./AT NZzZ08D Ante-natal or Post-natal Investigation age under 16 or over 40 years with length of stay 1 day or more
APC/OP  Spell Core HRG SP/AT NZ09Z Ante-natal or Post-natal Full Investigation with length of stay 1 day or more

APC/OP Spell Core HRG SP/AT NZzZ10zZ Diagnostic and Therapeutic Procedures on Foetus

APC/OP  Spell Core HRG SP/AT NZ11B Normal Delivery without CC

APC/OP  Spell Core HRG SP/AT NZ11C Normal Delivery with Epidural with CC

APC/OP  Spell Core HRG SP/AT NZ11D Normal Delivery with Epidural without CC

APC/OP  Spell Core HRG SP/AT NZ11E Normal Delivery with Induction with CC

APC/OP  Spell Core HRG SP/AT NZ11F Normal Delivery with Induction without CC

APC/OP  Spell Core HRG SP/AT NZ11G Normal Delivery with Post-partum Surgical Intervention

APC/OP Spell Core HRG SP /AT NZ12A Assisted Delivery with CC

APC/OP Spell Core HRG SP/AT NZz12B Assisted Delivery without CC

APC/OP  Spell Core HRG SP/AT NZ12C Assisted Delivery with Epidural with CC

APC/OP Spell Core HRG SP/AT Nz12D Assisted Delivery with Epidural without CC

APC/OP  Spell Core HRG SP/AT NZ12E Assisted Delivery with Induction with CC

APC/OP  Spell Core HRG SP/AT NZ12F Assisted Delivery with Induction without CC

APC/OP  Spell Core HRG SP/AT NZ12G Assisted Delivery with Post-partum Surgical Intervention

APC/OP  Spell Core HRG SP/AT NZ13A Planned Lower Uterine Caesarean Section with CC

APC/OP  Spell Core HRG SP/AT NZ13B Planned Lower Uterine Caesarean Section without CC

APC/OP Spell Core HRG SP/AT NZ14A Emergency or Upper Uterine Caesarean Section with CC

APC/OP Spell Core HRG SP/AT NZzZ14B Emergency or Upper Uterine Caesarean Section without CC

APC/OP  Spell Core HRG SP/AT NZ15Z Caesarean Section with Eclampsia, Pre-eclampsia or Placenta Praevia

APC/OP  Spell Core HRG SP/AT MA17C Dilation and Evacuation - less than 14 weeks gestation

APC/OP  Spell Core HRG SP/AT MA17D Dilation and Evacuation - 14 to 20 weeks gestation

APC/OP  Spell Core HRG SP/AT MA20Z Medical or Surgical Termination of Pregnancy - 20 weeks gestation or more

APC/OP Spell Core HRG SP/AT MAI18C Medical Termination of Pregnancy - less than 14 weeks gestation

APC/OP Spell Core HRG SP/AT MA18D Medical Termination of Pregnancy - 14 to 20 weeks gestation

APC/OP Spell Core HRG SP/AT MA19A Vacuum Aspiration with Cannula - less than 14 weeks gestation

APC/OP Spell Core HRG SP/AT MA19B Vacuum Aspiration with Cannula - 14 to 20 weeks gestation

APC/OP Spell Core HRG SP/AT MBO08zZ Threatened or Spontaneous Miscarriage

APC/OP Spell Core HRG SP/AT PB01Z Major Neonatal Diagnoses
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Dataset Identifying Variable Level Value Description

APC/OP Spell Core HRG SP/AT PB02Z Minor Neonatal Diagnoses

APC/OP Spell Core HRG SP/AT PB03Z Well Baby [Dropped from all datasets]
APC/OP Well Baby Flag (TFC 424) EP/AT *“Y” Well Baby Episode [Dropped from all datasets]
APC /OP Treatment Function Code EP/AT 424 Well Baby [Dropped from all datasets]
APC/OP Treatment Function Code EP/AT 501 Obstetrics

APC/OP Treatment Function Code EP/AT 560 Midwife episode

Note: In the third column of the table, the level of identification could be at episode (EP), spell (SP), or attendance (AT) level.

26



OFFICIAL

3.5 Removal of other data

3.5.1 Reasons for removal

Each dataset required a stage whose purpose was the removal of unwanted and
erroneous data. This took place at episode/attendance level. By unwanted it is
meant out of the scope of the refresh of PBRA (2011), such as for example, mental
health services (for which there is a separate formula). The rules for identification of
such data are provided below. This process was the same in its essence for the now
segregated G&A dataset, the maternity dataset and the specialised services dataset.

Table 3.3 outlines the broad categories for removal of data. Table 3.4 lists the
activity removed in detail.

Table 3.3: Reason for removal of rows of data from the datasets (data cleaning)

Reason for Removal

Out of scope HRG or Treatment Function Code / Main Specialty Code or Well Baby flag.

Out of scope due to Military, Prisoner, Overseas or Private spell

Duplicate Episode in the Data

Note that there is a heavier reliance on treatment function code or main specialty
code® in the OP data in Table 3.3. For outpatients, especially since 2011, a
significant proportion of attendances are coded to a ‘catch-all’ first or follow up
attendance spell HRG (beginning with ‘WF’). The TFC or MSC is used as a proxy for
the treatment in such cases to identify which dataset the outpatient data belonged to,
or whether it was out of scope.

3.5.2 Out of scope activity

The following categories of data were removed as out of scope: dental and maxillo-
facial surgery (Max-Fax), which are directly commissioned by NHS England, genito-
urinary medicine (GUM), which is commissioned by local authorities and mental
health, which is covered in the separate mental health services formula.

Other categories removed were military, prisoners (both directly commissioned by
NHS England), and private patients, all of whom were identified as ‘flags’ (dummy
variables) in the dataset, and patients from overseas who by definition are not
registered with a GP practice.

* However, if one was missing, it could be replaced with the other, and in all cases both the treatment
function code and main specialty code were checked to identify out of scope activity.
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Dataset Identifying Variable Level Value Description

APC/OP Spell Core HRG SP/A CZ30Y Minor Extraction of Tooth 19 years and over

APC / OP Spell Core HRG SP/A CZ31Y Minor Dental Biopsy 19 years and over

APC / OP Spell Core HRG SP/A Cz32U Dental Fitting or Insertion Procedures 18 years and under

APC / OP Spell Core HRG SP/A Cz32Y Dental Fitting or Insertion Procedures 19 years and over

APC/OP Spell Core HRG SP/A Cz33Y Minor Dental Restoration Procedures 19 years and over

APC/OP Spell Core HRG SP/A Cz34U Minor Dental Procedures 18 years and under

APC/OP Spell Core HRG SP/A Cz34Y Minor Dental Procedures 19 years and over

APC / OP Spell Core HRG SP/A Cz35U  Adjustment of Dental Device 18 years and under

APC / OP Spell-Core HRG SP/A Cz35Y  Adjustment of Dental Device 19 years and over

APC / OP Spell Core HRG SP/A Cz36Y Dental Excision or Biopsy Procedures 19 years and over

APC / OP Spell Core HRG SP/A Cz37Y Surgical Removal of Tooth 19 years and over

APC / OP Spell Core HRG SP/A Cz38U Creation of Dental Impression 18 years and under

APC / OP Spell Core HRG SP/A Cz38Y Creation of Dental Impression 19 years and over

APC/OP Spell Core HRG SP/A Cz39U Intermediate Dental Procedures 18 years and under

APC/OP Spell Core HRG SP/A Cz39Y Intermediate Dental Procedures 19 years and over

APC / OP Spell Core HRG SP/A Cz40Yy Major Surgical Removal of Tooth 19 years and over

APC / OP Spell Core HRG SP/A Cz41y Major Dental Procedures 19 years and over

APC / OP Spell Core HRG SP/A Cz42y Extraction of Multiple Teeth 19 years and over

APC/OP Spell Core HRG SP/A CZ16N Minor Maxillo-Facial Procedures with CC

APC/OP Spell Core HRG SP/A Cz16Q  Minor Maxillo-Facial Procedures without CC

APC/OP Spell Core HRG SP/A Cz1i7U Intermediate Maxillo-Facial Procedures 18 years and under

APC/OP Spell Core HRG SP/A CzZ17V  Intermediate Maxillo-Facial Procedures 19 years and over with CC

APC/OP Spell Core HRG SP/A Cczivy Intermediate Maxillo-Facial Procedures 19 years and over without CC

APC / OP Spell Core HRG SP/A CZ18R Major Maxillo-Facial Procedures 19 years and over

APC / OP Spell Core HRG SP/A Cz18U Major Maxillo-Facial Procedures 18 years and under

APC / OP Spell Core HRG SP/A PA517 Child Safeguarding (Welfare and Protection)

APC / OP Spell Core HRG SP/A PA527 Behavioural Disorders with length of stay 1 day or less

APC / OP Spell Core HRG SP/A PA52B Behavioural Disorders with length of stay between 2 and 7 days

APC / OP Spell Core HRG SP/A PA52C Behavioural Disorders with length of stay 8 days or more

APC /OP Spell Core HRG SP/A PA53A Eating Disorders with length of stay less than 8 days

APC / OP Spell Core HRG SP/A PA53B Eating Disorders with length of stay 8 days or more

APC / OP Spell Core HRG SP/A VC26Z Rehabilitation for Drug and Alcohol Addiction

APC / OP Spell Core HRG SP/A VC282 Rehabilitation for Other Psychiatric Disorders

APC /OP Spell Core HRG SP/A WD11Z  All patients 70 years and older with a Mental Health Primary Diagnosis, treated by a Non-Specialist
Mental Health Service Provider

APC /OP Spell Core HRG SP/A WD22Z  All patients between 19 and 69 years with a Mental Health Primary Diagnosis, treated by a Non-
Specialist Mental Health Service Provider

APC / OP Spell Core HRG SP/A WD33Z  All patients 18 years and younger with a Mental Health Primary Diagnosis, treated by a Non-Specialist
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Dataset Identifying Variable Level Value Description
Mental Health Service Provider, NEC
OoP TFC/MSC AT 659 Dramatherapy
oP TFC /MSC AT 656 Clinical Psychology
oP TFC /MSC AT 660 Art Therapy
oP TFC /MSC AT 661 Music Therapy
OP TFC/MSC AT 710 Adult Mental lliness
oP TFC /MSC AT 711 Child And Adolescent Psychiatry
oP TFC /MSC AT 712 Forensic Psychiatry
oP TFC /MSC AT 713 Psychotherapy
oP TFC /MSC AT 715 Old Age Psychiatry
oP TFC /MSC AT 720 Eating Disorders
OP TFC/MSC AT 721 Addiction Services
oP TFC /MSC AT 722 Liaison Psychiatry
oP TFC /MSC AT 723 Psychiatric Intensive Care
oP TFC /MSC AT 724 Perinatal Psychiatry
oP TFC /MSC AT 725 Mental Health Recovery and Rehabilitation Service
oP TFC /MSC AT 726 Mental Health Dual Diagnosis Service
OP TFC/MSC AT 727 Dementia Assessment Service
APC /OP TFC/MSC EP/A 141 Restorative Dentistry
APC /OP TFC/MSC EP/A 142 Paediatric Dentistry
APC/OP TFC/MSC EP/A 143 Orthodontics
APC/OP TFC/MSC EP/A 144 /145 Max-Fax
APC/OP TFC/MSC EP/A 149 Surgical Dentistry
APC/OP TFC/MSC EP/A 360 GUM
APC/OP TFC/MSC EP/A 450 Dental medicine specialties
APC /OP Admin Category EP/A 2 Private care episode
APC/OP/AE Overseas Patient EP/A/V Various  Treated as an overseas patient
APC /OP/AE Military / Prisoner EP/A/IV ) Military or prisoner provider episode or patient

Note: In the third column of the table, the level of identification could be at episode (EP), spell (SP), attendance (A/AT) or visit (V) level.
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3.5.3 Removing of duplicate episodes

The final step was to remove duplicate episodes. To identify these we created a
‘concatenated’ variable. What this means is that we took a number of variables and
joined them together to create a long string identifier. We then looked for duplicates
among them and deleted the duplicated episode.

We used the APC variables for: provider code, episode start date, episode end date,
month and year of birth, LSOA of residence, primary diagnosis and sex.

If an episode matched exactly on all of these variables joined together, with an
identical string of characters, we deemed it to be a duplicate and only one copy of
the episode was included in our final dataset for the modelling.

Only a very small number of duplicate episodes were identified, around 1.2%.

3.5.4 Unregistered patients

The objective was to refresh PBRA 2011 following the same methodology. The
person based approach is confined to registered patients as the eventual goal is to
calculate weights for CCGs. There is a lack of reliable data on the place of residence
of unregistered patients in our (and PBRA 2011) datasets, and thus we are not able
to attribute their health care costs by CCG. Unregistered patients are therefore
excluded from this refresh.

3.5.5 Dataready for costing

Once we had removed out-of-scope data and duplicates, we were ready to apply a
costing algorithm to attach costs to the data which did not already have a national
tariff price applied in the SUS PbR data. The extent to which this was needed in
each dataset is shown in tables below.

3.6 Costing sequence

The order and sequence of preference followed in our approach for costing the data
is shown in Figure 3.1 below.

Figure 3.1: Pricing approach order

EORNELEIN 1a. HSCIC SUSPbR National Tariff Price subtract MFF )
1b. Approximated National Tariff Price [already no MFF]

AREIEEREE 2a. National Unit Reference Cost Calculation A

2b. Reference Cost & Specialist Topup Applied To Spell )

(E)PAVEIEL[EN  3a. Average Across Specialty Calculated A

3b. Average Across Specialty Applied To Spell )

CAN®(=IBN 4a. APC: Calculate average critical care days per HRG A

Care 4b. Apply Average Critical Care Day Cost x Days for HRG )
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3.6.1 Preferred method for deriving cost

The preferred way of deriving a cost in any of the datasets is simply to use the cost
in the SUS PbR dataset as supplied. In these cases, which were the large majority,
the only step required was to subtract the number of pounds attributable to the MFF
from the price, which was provided as a separate variable - labelled 1a in Figure 3.1.

3.6.2 No final price given

In some cases there was no price given in the SUS PbR data, for example this can
occur if a provider has indicated they would not like a SUS PbR cost attached to that
spell. Nevertheless, a national tariff price might be available as a starting point,
based on the spell or attendance’s HRG code as provided in the SUS PbR data.
Non-mandatory prices are not included in the SUS PbR data set but were applied in
our costing.

Our approach to these cases follows a number of steps to try to reach a fair estimate
of the final price given the information provided in the ‘2013/14 Tariff Information
Spreadsheet’ Excel Workbook™.

Reference should also be made to this workbook concerning the subsequent
paragraphs. The worksheet entitled ‘01. APC & OPROC’ provide a starting point.
This worksheet contains the bulk of HRG codes along with tariff prices for day cases,
combined day case/elective, electives and non-electives along with trim points after
which time elective or non-elective excess bed day tariffs are applied on a day to day
basis.

3.7 Admitted patient care costing

3.7.1 Spells already costed

The first and simplest step was to take those spells already costed and to subtract
the pound value attributed to MFF from the PbR Final Tariff. Both variables were
provided in SUS PbR (see lain Figure 3.1). These costs already included the
appropriate excess bed days and specialist top-ups, and short stay reductions.

The proportion in each dataset which came already costed in this way varied as
reflected in Table 3.11, Table 3.13: How A&E attendances were costed and per
patient summary statistics and Table 3.14: How outpatient attendances were costed
and per patient summary statistics below. For example, for G&A APC, more than
85% of the data was costed already, while for specialised services only around 50%
of the data was already costed.

° https://www.gov.uk/government/publications/payment-by-results-pbr-operational-guidance-and-tariffs
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The data already costed included mandatory zero prices for the HRGs in Table 3.5.

Table 3.5: Mandatory zero tariffs

HRG code HRG description Justification
LAOSE Chronic kidney disease with length of stay 1 day Empty core HRG for renal dialysis for
or less associated with renal dialysis chronic kidney disease
PB03z Healthy baby Costs are included with the mother’s care
SB97Z Same day chemotherapy admission/attendance = Empty core HRG for chemotherapy
SC97z Same day external beam radiotherapy Empty core HRG for external beam
admission/attendance radiotherapy
uzoiz Data invalid for grouping Organisations should not be funded for
invalid data

3.7.2 Emulating tariff for missing values

The remaining spells had either a zero or a missing value for the final tariff in the
SUS PbR data set. The process of emulating the tariff (1b in Figure 3.1) involved
several steps as did costing using reference costs.

To emulate the tariff, the first condition was that there was a national tariff available
for that HRG. There is commonly a ‘Combined Day Case / Ordinary Elective Tariff’
and a ‘Non-Elective Tariff’ provided in the spreadsheet above. In a few cases there is
an ‘Ordinary elective spell tariff (but no Combined Day Case Tariff). In a few cases
there is a ‘Day case spell tariff’.

Where there was no combined day case/elective tariff, but there was a separate day
case tariff, or elective tariff, the day case tariff was applied if the patient’s stay was
either 1 or O days.

For these cases where a national tariff exists but was not in the SUS PbR dataset,
we had to consider how best to calculate the additional payments for excess bed
days, short spell reductions and specialist top-ups. The PbR guidance for 2013/14°
provides a useful reference point to these adjustments.

3.7.3 Excess bed days adjustment

The Tariff Information Spreadsheet gives a ‘trim point’ for each HRG and a daily cost
for bed days exceeding the trim point. This varies depending on whether the spell
was elective or non-elective.

Therefore, both whether the spell is elective or non-elective and the length of stay of
the spell are important when applying the trim-point and costs for the excess bed
days.

The next step was therefore to calculate the length of stay for these spells as follows.
1. Take the spell end date.
2. Take the admission date (spell start date).
3. Take the episode start and episode end dates.

6 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/214902/PbR-
Guidance-2013-14.pdf
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4. Generate a secondary spell start date variable which is equal to the minimum
(i.e. earliest) episode start date in the spell, which can be used as the spell
start date, if the latter was missing.

5. Generate a first attempt at the length of stay variable equal to the spell end
date minus the admission date.

6. Subtract the number of critical care days from this number of days — these are
not included in length of stay calculations for the purposes of whether to apply
excess bed day costs.

7. Replace the length of stay variable (where still missing) with:

e either the spell end date minus the secondary spell start date minus
critical care days; or

e the episode end date minus the admission date minus critical care days,
where there is only one episode in the spell; or

e the episode end date minus the spell start date minus critical care where
there is only one episode in the spell.

8. Across all specialty codes, generate an average length of stay (mean of
length of stay for each main specialty).

9. Replace the length of stay days, if still missing, with this mean length of stay.

This approach attempts to maximise the number of spells that have a length of stay
variable, given that any of the spell, admission and episode start and end dates
could be missing, for the purpose of estimating a cost for the excess bed days stay.

Ideally, and in most instances, the way to calculate length of stay was the first step in
Figure 3.2. The second and third steps were ways to try to maximise the use of
available data, but in practice were applied to only a very small (negligible) numbers
of spells.

Figure 3.2: Length of Stay (LOS) for trim point excess bed day calculations

MOISERS ol | WETelo Mo I To TSI [e g o EICY if spell has admission date
— critical care (CC) Days and spell date

LOS = spell end date — spell start date RGNS
(from episode 1 start date) — CC Days missing

or episode start date (first episode
in spell) in place of spell start date
— if spell end date [and possibly
admission date] missing

LOS = episode end date

(where episode is last in spell)
— spell start date — CC days

It was then possible to calculate the excess bed days costs above the trim point for
both elective and non-elective stays.

For the spells where a national tariff exists but was not applied in the SUS PbR data
set, and where the excess bed days exceeded the trim point for the HRG, we were
then able to add the excess bed day estimated additional cost. The value of the
additional costs depended also on the elective or non-elective nature of the spell.
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3.7.4 Best practice tariffs

For the HRG codes in Table 3.8, we applied the standard rather than best practice
tariff for spells not already costed in the SUS PbR data.

Table 3.6: HRG codes where standard tariff applied

Spell Core HRG Code Description

Fz54z7 Diagnostic Flexible Sigmoidoscopy 19 years and over

Fz557 Diagnostic Flexible Sigmoidoscopy with biopsy 19 years and over

Dz357 Simple Bronchodilator Studies

Dz44z7 Simple Airflow Studies

AA22A Non-Transient Stroke or Cerebrovascular Accident, Nervous System
Infections or Encephalopathy with CC

AA22B Non-Transient Stroke or Cerebrovascular Accident, Nervous System
Infections or Encephalopathy without CC

AA23A Haemorrhagic Cerebrovascular Disorders with CC

AA23B Haemorrhagic Cerebrovascular Disorders without CC

3.7.5 Short stay emergency reduction

Short stay emergency reductions to tariffs are applicable when spells meet specific
criteria. The reductions were already applied for the spells costed in the SUS PbR
data. For spells not already costed, but for which a tariff exists, a short stay reduction
was therefore applied on the condition that the length of stay was 1 day or less, the
patient was an adult (taken to be 19 or over on admission), the spell was non-
elective and the average non-elective stay was more than 1 day.

3.7.6 Unbundled Costs

For activity not already costed in the SUS PbR data, we then looked at unbundled
costs. We applied an additional cost for the spell according to the unbundled tariff
element of the National Tariff Information spreadsheet 2013-14 where it existed.

In some cases the spell core HRG matched an unbundled tariff and nothing else.
Therefore, we allowed for such a spell core HRG to be given the unbundled cost,
and applied that cost to the spell. In other words, if the spell HRG corresponded to
an unbundled HRG and the HRG does not appear elsewhere in the tariff information
spreadsheet, the unbundled HRG cost becomes the spell cost.

By this point we could add to the tariff as calculated so far, the unbundled costs over
the spell as well as the excess bed days and short stay emergency reductions for the
HRGs in the part of the data set which did not already have a cost attached.

3.7.7 Reference costs
Spells, without a cost at this point, qualified for the reference costing procedure.

We used reference costs from 2010-11 which were the basis for 2013-14 national
tariff prices. However, the reference costs include the MFF which had to be
removed.

For each HRG for each provider, we divided the total reference cost for elective and
non-elective HRGs by the relevant activity to give a crude average cost. We then
removed the provider's MFF from these average costs. Finally, we take the average
over all providers for that HRG, after the MFF has been removed. We take this to be
the national unit average reference cost for the HRG (for elective and non-elective
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separately). We calculate excess bed day costs in a similar way (they are identified
separately in reference costs).

A compounded inflator (in reality a deflator) was applied for reference costs
according to an annual tariff inflation table provided by the pricing team of NHS
England — see Table 3.7. This uplifted (down-lifted) the reference costed spells by a
compounded calculated by 1 x 0.985 x 0.982 = 0.96727.

Table 3.7: Tariff uplift table
2011-12  2012-13

Tariff Uplift -1.5% -1.8%
(of which) Efficiency -4.0% -4.0%
(of which) Pay and Price Inflation 2.5% 2.2%

3.7.8 Specialist service code top-ups

For HRGs costed by emulating the tariff or by using reference costs, and topped up
according to bed days beyond the trim point and respective excess bed day costs,
we then applied specialist service code top-ups.

Where a specialist service code (SSC) was in the SUS PbR data (very rare) there
existed a number of conditions that had to be met for the top-up to be applied. We
wrote an algorithm to identify these instances and applied the necessary top-up to
the spells costed through reference costs or by emulating the tariff.

An example is where the primary procedure code was “A441”, the patient’s age on
admission was 19 or above, and the spell had a documented specialist service code
of “SS06” in any of four populated specialist service code fields. For this spell, the
provider was eligible for the price to be multiplied by 1.36 times the ‘ordinary’ price to
give a 36% increase. Only designated providers are eligible for the specialist top-up,
thirty four providers in our dataset.

We applied these rules for a large number of procedures and providers, based on
the relevant age, procedure and specialist service code rules.

3.7.9 Specialty average

Finally, for the HRGs still without a cost, we applied the speciality average. This was
based on the median costs for the main specialty code across all the spells in that
specialty (3 in Figure 3.1).

Due to outliers in some specialties, such as Cochlear Implants, we assessed that the
median would be a more representative cost than the mean.

Where information was not available through the main specialty code route, for
example where codes were missing, we followed the same approach based on
treatment function code.

We applied this median cost to all remaining HRGs not costed in the previous steps.

3.7.10 Critical care costs

Critical care costs were calculated from a critical care dataset provided as part of the
SUS PbR data. We calculated the average number of critical care bed days over the
different HRGs in which critical care had been recorded, and applied the average to
all HRGs which had critical care recorded. This was a similar approach to that taken
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in PBRA (2011), due to concerns with the quality of the critical care data— see 4a in
Figure 3.1. The number of bed days was multiplied by a critical cost per day, based
on the average cost of critical care per day by HRG for all critical care recorded in
the SUS PbR dataset.

Critical care costs were then added to the other costs by taking the sum total of
estimated critical care costs over the course of the entire spell (see 4b of Figure 3.1).
If there was more than one episode with days of critical care within the spell, these
would be summed to give a spell level critical care cost.

3.8 Outpatient (OP) Costing

3.8.1 Outpatient costing

Outpatients were costed in a similar way as for APC, but through a simpler
procedure. Firstly, specialised and maternity services were identified (see the tables
above). Secondly, attendances were removed if there was no indication in the SUS
PbR dataset of the patient having actually attended the appointment (see Table 3.8
below). Thirdly, already priced attendances were segmented with the MFF removed.

Table 3.8: Outpatient attendance status

Attendance status from SUS PbR dataset In cleaned data
5 Attended on time or, if late, before the relevant CARE PROFESSIONAL was INCLUDED
ready to see the PATIENT

6 Arrived late, after the relevant CARE PROFESSIONAL was ready to see the INCLUDED
PATIENT, but was seen

7 PATIENT arrived late and could not be seen NOT INCLUDED
2 APPOINTMENT cancelled by, or on behalf of, the PATIENT NOT INCLUDED
3 Did not attend - no advance warning given NOT INCLUDED
4 APPOINTMENT cancelled or postponed by the Health Care Provider NOT INCLUDED
0 Not applicable - APPOINTMENT occurs in the future NOT INCLUDED

Note: where the attendance status was recorded as ‘Missing’, it was treated as
attended.

3.8.2 Outpatient HRG tariffs

For outpatient attendances that were not already priced in the SUS PbR dataset, but
where a HRG was recorded, outpatient HRG tariffs were applied where available
from the National Tariff Information Spreadsheet 2013-14.

Where an attendance had a “WF” code (single, multi-professional and non-face-to-
face first and follow up attendances), the corresponding tariff was given according to
treatment function code as listed in the National Tariff Information Spreadsheet
2013-14.

If there was an unbundled HRG given as the core HRG for the attendance, the HRG
price for the unbundled service was applied if the outpatient HRG was recorded as
an unbundled HRG with no other alternative price.

3.8.3 Reference costs

Reference costs were applied along the same lines as for APC in cases where no
tariff had been attached thus far.
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3.8.4 Speciality average

Finally a main specialty or treatment function code average was applied if no cost
had so far been attached to the attendance, in a similar manner to the APC costing.

3.9 A&E Costing

3.9.1 Accident and Emergency attendances

A&E attendances was by far the least complicated activity to cost, in part due to
small variation and range in tariff prices for A&E, and in part due to the lack of
information available to work with in terms of what occurred during the attendance,
for example some records contained fields recorded sporadically or not consistently.

3.9.2 A&E HRG tariffs

Where no cost had been applied in the SUS PbR dataset, but a HRG was recorded,
the appropriate cost was applied from the National Tariff Information Spreadsheet
2013-14. This was the case for twelve HRG codes beginning with “VB”, and an
additional ‘Dead on Arrival’ code.

3.9.3 HRG average

If the attendance remained without a cost following the above steps, an average was
applied according to the HRG listed for the A&E visit, or the overall average was
applied if still missing.

3.10 Linking the data for person level costs

The process set out above gave a cost for each APC spell, outpatient attendance,
A&E attendance, and critical care day. These then needed to be linked at patient level
to give the total cost for each patient in 2013-14, covering all the APC spells , OP
attendances, A&E attendances and critical care that individual received in 2013-14.
The patient level data also needed to be linked at the person level to the PDS data.

3.10.1 Linking the data at the person level

Every row of data in each of the SUS PbR datasets had an exclusive identifier,
known as the PBR Generated Record ID. The PBR Generated Record ID could be
linked to the bridge file on this variable.

The bridge file contained a further two variables, namely match rank and PDS
generated record ID.

Match rank was an indicator showing whether the hospital record could be matched
to an exclusive patient in the PDS data. A match rank of 1 was an exclusive match of
NHS number. A match rank of 2 was an exclusive match of date of birth and
postcode. A match rank of 3 indicated that such an exclusive linkage was not
possible, due to two or more patients having the same date of birth and postcode,
thus there being two patients (or more) in the PDS data to which the hospital data
could be linked. The number of records with match rank 3 was very small.

The match rank was provided by the HSCIC as we did not have data on NHS
number, date of birth and postcode.
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We linked the patient level costs from the SUS PbR data to the PDS data only for
those where match rank was indicated as a 1 or 2. Those where the match rank was
three were excluded from the dataset used for the modelling.

Figure 3.3 illustrates how the datasets linked together to aggregate costs at the
person level.

Figure 3.3: Linking core datasets for aggregating costs to the person level

HOSPITAL DATA BRIDGE FILE GP DATA

APC/ OP/ AE datasets SUS-PDS Bridging files PDS dataset
(episodes/ attendances) (links) (persons)

SUS id1 SUSidl1 > PDSidl PDS id1
SUS id2 SUS id2 > PDS id2 PDS id2
SUS id3 SUS id3 > PDSid3
SUS id4 SUS id4 > PDS id3
SuUS id5 SUS id5 > PDS id3

Costs for each Aggregate hospital Total costs for each
episode/ attendance costs by person person in PDS

3.10.2 Total cost per person

After linking the data to PDS in this way, the costs for APC, OP and A&E could be
attached and summed for all three of these for each person in the case of the G&A
dataset for modelling, and for APC and Outpatients for both the specialised and
maternity datasets. Hence, we were able to collapse down on person ID the sum of
any costs incurred through APC, OP or AE, or any combination of these.

3.11Tables
The following tables cover:

e Table 3.9 summarises the data excluded as not relevant for the G&A modelling;

e Table 3.10 shows the removal of specialised services and the data linkage to
the PDS data for each;

e Table 3.11 shows for G&A the costs obtained directly from in the SUS PbR
dataset and the costs estimated using national tariffs, reference costs and
specialty averages. The table also shows the distribution of the costs per
patient.

e Table 3.12, Table 3.13 and Table 3.14 show the same as Table 3.11 for
critical care, A&E and outpatients, included within Table 3.11.

The graphs following the tables show the average cost per patient by age-sex group,
the average cost per registered patient by age-sex group, and total costs by age
group. This is for various combinations of service (G&A, maternity and specialised)
and treatment location (APC, OP, A&E).
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Table 3.9: Data excluded

OFFICIAL

Dataset Episodes % No. spells % Dataset Attendances %' Dataset Visits %
APC (All) 19,586,831 100 17,064,097 100 OP (Al 102,541,435 100 AE (Al 18,676,085 100
Reason for exclusion:

Military & Prisoner ? 38,626 0.2 35,560 0.2 Military & Prisoner 205,587 0.1 Military & Prisoner 38,419 0.2
Dentistry & Max-Fax 3 280,672 14 278,018 1.6 Dentistry & Max-Fax 2,774,801 1.4 Overseas 214,536 1.1
GUM* 570 0.0 494 0.0 GUM 271,853 0.1

Well Baby 450,670 2.3 447,909 2.6 Well Baby 189,617 0.0

Overseas ° 80,945 0.4 70,097 0.4 Overseas 229,962 0.0

Psychiatry ° 245,964 1.3 208,098 1.2 Psychiatry 3,509,238 1.7

Duplicates ’ 242,558 1.2 138,802 0.8 Attendance ° 19,496,790 19.0

Private Patient 88,559 0.5 88,559 0.5 Private Pt. 353,890 0.3

Remaining ° 18,228,039 93.0 15,861,883 93.0 Remaining 76,988,623 75.0 Remaining 18,423,452 98.6

! For each OP Dataset: Only those appointments with an attendance type specified as: missing; on time, late (but attended).

2 Defined by an HSCIC provided Military and Prisoner flag in APC, AE and OP datasets

% Defined by Main Specialty Code or Treatment Function Code as follows: 141, 142 (Paediatric or Restorative Dentistry); 143 (Orthodontics); 450 (Dental); 144 (Maxillo-
Facial); CZ30Y, CZ31Y, CZ32U, CZ32Y, CZ33Y, CZ34U, Cz34Y, CZ35U, CZ35Y, CZ36Y, CZ37Y, CZ38U, CZ38Y, CZ39U, CZ39Y, CZ40Y, CZ41Y, CZ42Y (Spell Core

HRG - Dental)

* Defined by Main Specialty or Treatment Function code: 360 (GUM)
® Defined by three overseas patient identifier datasets provided by HSCIC (one for each of APC, AE, OP)

® Defined by Spell Core HRG beginning with Spell Core HRG: “WD” plus PA51Z, PA52Z, PA52B, PA52C, PA53A, VC26Z, VC28Z (Spell Core HRG)
"In practice these were removed at the level of the dataset in use and identified on the basis of same: provider, date of episode, LSOA, primary diagnosis, gender,

month/year of birth

® For each OP Dataset: Only those appointments with an attendance type specified as: missing; on time, late (but attended). 17,124,324 observations dropped out of

92,325,855.

° Not the same as first row minus sum of rows 3-9 as rows 3-9 may overlap each other for all sets of remaining episodes, spells, attendances, visits
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Table 3.10: Data linkage for the General and Acute APC, OP and A&E data 2013-14

Number of % Spells/
Number of spells/ attendances % linked of Patients % of all PDS Average
In working episodes % Episodes of attendances of all Linked Spells working traced APC patients® Spells/Visits
dataset: remaining ‘Remaining’ remaining ‘Remaining’’ bridged to PDS® dataset spells to PDS (N=55,540,852) Per Patient
G&A APC 14,770,961 81.0 12,460,109 78.6 11,886,833 95.0 6,543,756 11.8 1.9
G&A OP 63,908,522 83.0 16,135,115 29.0 35
A&E 18,423,452 100 16,633,823 90.3 10,546,987 19.0 1.6

! The proportion of all spells including what NHS England identified as belonging to general and acute, maternity and specialised components of the formulae.

% This refers to spells/attendances/visits successfully mapped to the bridging file and PDS with ‘match rank 1 or 2’, that is no confusion as to which registered patient belonged

to the corresponding care.

3218 patients dropped from PDS prior to modelling due to sex being undefined.

Table 3.11: G&A — how spells were costed and per patient summary statistics

GA Min P1 P5 P10 P25 P50 P75 P90 P95 P99 Max Mean SD Skew Kurt N Totals
Costed in SUS PbR 49 251 312 380 487 712 1,858 3,631 5,280 10,519 594,966 1,590 2,514 16 1,354 10,948,844 £17,409,600,151
HRG tariff estimate 202 324 324 324 324 324 650 650 726 4,701 289,777 614 2,226 26 1,571 249,088 £152,810,464
Reference costs 38 381 587 886 1,689 2576 3,890 4,467 4,852 10,653 113,911 2,857 2,053 7 158 421,218 £1,203,403,421
Average by Specialty 402 452 753 753 838 1,040 1,040 1,040 1,040 3,292 50,912 1,047 644 24 1,206 239,977 £251,210,077
Total 38 251 324 372 492 753 1,932 3,631 5,227 10,424 594,966 1,604 2,486 16 1,331 11,859,127 £19,017,024,112
GA — per patient 38 251 349 441 605 1,179 3,045 6,300 9,652 21,232 665,235 2,752 5,256 15 641 6,528,663 £17,969,356,988

Table Note: This table describes the way in which general and acute data was costed. The rows describe whether the data was provided as costed in SUS PbR, whether or
not a tariff estimate was calculated manually, whether or not reference costs were applied or whether a specialty average was taken. The overall statistics are in the next row.
The linked per-patient statistics are in the penultimate row. The columns give the statistics for each of these rows. Minimums, percentiles 1, 5, 10, 25, 50, 74, 90, 95 and 99
are given, along with maximums, standard deviations, skewness, kurtosis, the number of observations (N) and the total amount of care costed by that method, or overall in
the case of the total column and overall in terms of person linked, i.e. successfully linked to PDS, in the final row. PP stands for per-person. This note applies to subsequent

tables also.
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Table 3.12: Critical Care cost distributions in the G&A data

Min PL P5 P10 P25 P50 P75 P90 P95 P99 Max Mean SD Skew  Kurt N Sum
GA 1,468 1,757 2,206 3,161 3,640 7,214 16,418 36,504 57,647 155,164 32,930,778 18,432 115449 164 40,849 170,763 £3,147,562,634
GA-PP 1,571 1,935 2952 3,161 3,605 6,025 7,629 14,911 22,831 43,565 491504 7,994 8,829 9 222 147,157 £1,176,379,773
Table 3.13: How A&E attendances were costed and per patient summary statistics
A&E - How Costed Min P1 P5 P10 P25 P50 P75 P90 P95 P99 Max Mean SD Skew Kurt N Sum
Costed in SUS PbR 58 58 58 58 58 78 110 130 139 210 237 93 32 1 4 17,158,158  £1,595,555,407
HRG tariff estimate’ 58 58 58 58 58 58 58 58 53 58 58 58 0 234,241 £13,585,978
Average 87 87 87 8 87 8 8 87 8 87 87 87 0 232,118 £20,273,653
Walk in flat tariff estimate 29 29 29 29 29 29 29 29 29 29 29 29 0 798,935 £23,169,115
Total 29 29 58 58 58 78 110 130 139 164 237 90 33 1 4 18,423,452  £1,652,584,153
AE - PP (linked) 29 29 58 58 78 110 164 258 349 635 37,362 143 142 16 1,364 10,546,987  £1,510,942,943

! Uniformity is a result of all manually estimated tariffs falling either into the ‘department = 3’ category - Other type of A&E/minor injury ACTIVITY with designated
accommodation for the reception of accident and emergency PATIENTS. The department may be doctor led or NURSE led and treats at least minor injuries and illnesses and
can be routinely accessed without APPOINTMENT. A SERVICE mainly or entirely APPOINTMENT based (for example a GP Practice or Out-Patient Clinic) is excluded even
though it may treat a number of PATIENTS with minor illness or injury. Excludes NHS walk-in centres; or having a spell core HRG of "VB11Z" - No investigation with no
significant treatment. Average is across all observations where a price is given. Walk-in flat tariff estimate was a team agreed flat estimate of the tariff for a walk in that would

be applied.

Table 3.14: How outpatient attendances were costed and per patient summary statistics

Statistic: Min P1 P5 P10 P25 P50 P75 P90 P95 P99 Max  Mean SD  Skew Kurt N(obs) Total Pounds
Costed in SUS PbR 45 60 60 63 71 104 132 175 215 351 1,609 114 56 3 19 43,651,394 £4,982,964,224
HRG tariff estimate 38 105 106 106 121 166 217 400 400 400 21,504 194 103 27 5296 6,679,596 £1,292,467,200
Reference costs 2 22 22 22 50 52 74 125 178 250 680 66 50 4 28 12,205,949 £806,414,656
Average by Specialty 42 69 71 74 74 150 150 171 270 270 389 133 56 1 5 1,371,583 £182,856,448
Total 2 22 45 52 71 103 138 181 225 400 21,504 114 70 11 2,579 63,908,522 £7,264,702,528
OP GA — PP (linked) 2 50 71 102 142 263 505 905 1,275 2,431 200,116 428 673 35 4,244 16,135,115 £6,899,914,463

! Cochlear Implants.
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Figure 3.4: Average cost per service user
2013-14
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Figure Note: GAAPC-GAOP-AE indicates that general
and acute APC, OP and AE have been amalgamated in
this graph. Other graphs disaggregate the datasets, e.g.
GAAPC only indicates only the general and acute APC
data is accounted for in the graph.
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Figure 3.5 Cost per registered patient
2013-14
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Figure 3.6: Total costs by age group
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4 General & Acute: Approach to the modelling

4.1 Person-based Resource Allocation (PBRA 2011)

The modelling for G&A services followed the same approach as PBRA (2011). The
steps to estimating the weights by age-sex group by GP practice were as follows.

a. Calculating the cost per person of relevant health care received in 2013-14 (as
covered in section 3).

b. Linking the costs per person data to other relevant datasets, including SUS
PbR data for the two previous years and the attributed variables.

c. Calculating the values of derived variables.
d. Generating the sample files.

e. Calculating the morbidity makers, morbidity counts and co-morbidity
interaction terms.

—h

Model estimation.

g. Model testing.

h. Assessing the results.

i. Creating weights by age-sex group by GP practice
Each of these is covered in the following sections.

5 General and Acute: Assembling the model datasets

This section explains how the data were assembled to construct the variables used
and tested in the G&A models. It also describes how the samples were drawn for
estimating and validating the model. Section 3 has already described how the costs
per person in 2013-14 were estimated.

5.1 Scope and data segregation

5.1.1 Services out of scope

As outlined in section 3, the cost person for G&A in 2013-14 excluded the costs of
the following services in the SUS PbR dataset. They were excluded either because
they are covered by a separate formula or are not funded by CCGs.

a. Maternity services. There is a separate formula for maternity services, which
have a different distribution of need across the country compared with G&A
services.

b. Mental health services. There is a separate formula for mental health services
based on the Mental Health Minimum Dataset (MHMDS), which has broader
coverage of these services than HES or SUS PbR. In addition, with relatively
few patients using specialist mental health services a different approach to the
modelling is required.
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c. Specialised services, as they are not commissioned or funded by CCGs, but
by NHS England. Separate work was also being undertaken to develop an
approach for allocating funding for specialised services.

d. Secondary dental services, which are directly commissioned and funded by
NHS England, not by CCGs.

e. Genito-urinary medicine (GUM), which is commissioned and funded by local
authorities.

f. Health care for prisoners and the armed forces, which is funded by NHS
England, not by CCGs. Prisoners and the military have their own primary
medical services and were excluded from our PDS data.

g. Overseas visitors who by definition are not registered with a GP practice.
Overseas patients should be charged by the provider, or if they are charge
exempt funded through a separate allocation process.

h. Privately funded health care.

In addition, the cost of health care for unregister patients was excluded as the
modelling is based on those registered with a GP practice. It was not possible with
the data available to attribute these costs to CCGs.

The procedures by which maternity, mental health, specialised, secondary dental and
GUM services were identified in the SUS PbR dataset are set out in section 3.

If those using G&A services in 2013-14 had, in the two previous years, used
maternity, mental health, specialised, secondary dental or GUM inpatient services,
diagnosis information from these spells are included in the morbidity markers within
th