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Executive summary

Executive summary
Following the publication of the Atkinson Review: Measurement of government output 
and productivity for the national accounts (Atkinson, 2005), there has been great interest 
in measuring the productivity growth of the National Health Service (NHS). Such macro-
measures of productivity are important when deciding how much public money to devote 
to the NHS, and in holding the NHS to account. However, it is also important to gain an 
understanding of the productivity of individual programmes of care so as to ensure that 
resources are allocated efficiently within the NHS. Until now, such information has not been 
available. This report is an exploratory study of the feasibility and usefulness of developing 
measures of growth in outputs, costs and productivity of a single programme of care within 
the NHS: hospital treatment of circulatory diseases.

In this context, productivity is defined as the ratio of an aggregate measure of outputs to an 
aggregate measure of inputs for the chosen programme of care. The key methodological 
challenges are: 

• choosing the appropriate measures of NHS activities

• adjusting those measures for the quality of care

• aggregating the measures into a single measure of output

• identifying the associated inputs in the form of a single measure of costs

• tracking these measures consistently over time.

The building blocks of the study are the measures of continuous inpatient (CIP) spells of 
hospital treatment, which include emergency, elective and day case treatment. These 
capture trends in the volume of activity of the NHS over a six-year period: 1998/99 to 
2003/04. The type of spell is indicated by diagnosis, as set out by the Hospital Resource 
Group (HRG) for the spell. The analysis embraces all HRGs relevant to circulatory disease, 
including cerebrovascular disease, coronary heart disease and associated investigations. 

The value to the patient of these activities crucially depends on the quality of the outcome 
achieved. The only consistent, universal and reliable measures of outcomes currently 
available in the NHS relate to mortality, either within a patient’s spell in hospital or within 30 
days of admission. Where appropriate, we use these outcome measures to adjust the crude 
measures of activity for the quality of outcome achieved.

Ideally, we would also like to incorporate other measures of health outcome into the 
analysis, such as gains in quality of life following treatment. Unfortunately, the NHS does 
not routinely collect health outcomes data. However, using a small sample of outcomes data 
for two procedures collected by the healthcare company BUPA we demonstrate how health 
outcome data could be used to augment measures of NHS output, and argue that the NHS 
should move rapidly towards routine collection of such data.

The diverse activities that make up this programme of care do not confer equal patient 
benefits. Therefore, they must be aggregated using some system of weights that reflects 
their relative contribution to aggregate NHS output. In principle, these weights should 
reflect the average ‘health gain’ of the treatment. In practice, this is rarely available. As a 
consequence, we follow conventional practice in aggregating treatments according to their 
estimated costs, acknowledging that this is far from ideal.
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It is relatively straightforward to identify the total physical inputs consumed by the NHS as 
a whole, for example, in the form of capital, labour and drugs. However, identifying the part 
of these inputs that is attributable to an individual programme of care is a major challenge. 
In particular, specific measures of the physical inputs used by circulatory disease hospital 
programmes are not available. Instead, as an indicator of inputs consumed, we had to use 
the measures of reference costs developed by the NHS for the HRGs under consideration. 
These offer some insights into trends in the volume of physical resources consumed, but 
may suffer from arbitrary accounting choices and variations in methodology over time.

The report highlights trends in the volume of activity, costs and survival rates for selected 
high-volume HRGs. The general pattern is for activity to remain static or decline in the early 
years of the study, but to recover by the end of the six-year period. Trends in costs are more 
difficult to describe as much depends on how to take account of price inflation. For those 
treatments with significant mortality rates there is generally an improvement in outcome over 
the study period.

Over the study period, activity alone (as measured by the Cost Weighted Activity Index) has 
increased by 3.9 per cent per annum. Adjusting this for the improvement in 30-day mortality 
rates increases the annual growth to 4.48 per cent, reflecting the major improvement in 
outcomes over the study period. The experimental use of BUPA health outcome measures 
for coronary artery bypass graft (CABG) surgery and percutaneous transluminal coronary 
angioplasty (PTCA) suggests a further improvement of about 0.2 per cent per annum, but 
we emphasise that these are highly speculative and partial estimates.

Although we are unable to develop measures of physical input growth, we have calculated 
total reference costs for the programme over the study period. These increased from £1.381 
billion to £1.960 billion. Using the gross domestic product index of price change, this implies 
real growth in expenditure of 5.3 per cent per annum, while a specific NHS index of price 
change suggests more modest growth of 2.5 per cent per annum. 

This study has found that measures of productivity change in the hospital treatment of 
circulatory disease depend highly on the measure of input growth used. A very tentative 
conclusion is that the NHS has used its physical resources more efficiently to secure annual 
improvements in physical productivity of up to 2 per cent per annum. However, because of 
the increased prices it has paid for its inputs, the cost-effectiveness of this programme has 
declined by anything up to 0.8 per cent over the study period.

This study has demonstrated that it is feasible to develop models of productivity growth for a 
programme of NHS care. This is an important undertaking for informing resource allocation 
and purchasing decisions in the NHS. Our tentative conclusion is that, while there will always 
be uncertainty in the estimates derived, this represents an important extension of the work in 
progress at the Office for National Statistics (ONS) in measuring whole system productivity 
change. We advocate further investigation of other programmes of care, in particular those 
embracing significant community and prescribing activities.
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1. Introduction
There is increased interest in measuring the productivity of health systems, defined as the ratio 
of certain outputs to the associated levels of inputs. In the English National Health Service 
(NHS) this has been manifest at the micro-level in the work of the National Institute for Health 
and Clinical Excellence (NICE), at the meso-level in the increased attention to programme 
budgeting in primary care trusts (PCTs) and at the macro-level in the work of the Office for 
National Statistics (ONS) in the development of whole system productivity measures.

This report examines macro-level national productivity for a single programme of care – 
circulatory disease – in the hospital setting. Circulatory disease is defined as problems relating 
to the heart and the circulation of blood in central and peripheral vessels. It includes both 
coronary heart disease (CHD) (problems relating to atheroma of the coronary arteries) and 
cerebrovascular disease (problems due to interruptions to the blood supply of the brain). The 
intention is to track trends in the inputs, activities and outputs in this programme of NHS care.

Section 2 sets out the background to our investigation. First, we summarise the existing 
literature on measurement of healthcare output and productivity, including recent UK 
publications by the ONS and US developments on price indices. We then provide some 
background data on national trends and international comparisons of mortality rates 
associated with a selection of disease diagnoses that fall under the broad category of 
‘circulatory diseases’. 

The rest of the report focuses on England only. In Section 3 we present an overview of the 
datasets that were used to produce measures of costs and output growth for circulatory 
diseases, explaining how the available data have been collected and collated, along with 
explanations of the variables used. In Section 4 we describe the study methodology, in 
particular the measurement of inputs and outputs. Section 5 describes recent trends in 
activity levels, unit costs and survival rates for some of the major treatments of circulatory 
disease. Section 6 presents aggregate measures of NHS hospital output and costs for 
circulatory disease. The report ends with an assessment of the scope for further work on 
disease-specific productivity measurement in the NHS.
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2.1 Literature review and analytic framework

There is now considerable research and policy interest in the notion of ‘value for money’ in 
healthcare. In particular, following the publication in 2005 of the Atkinson Review: Measurement 
of government output and productivity for the national accounts, the ONS has published a series 
of reports on the aggregate productivity of the NHS. These have been summarised in a previous 
Health Foundation QQUIP report (Martin, Smith and Leatherman, 2006). 
As a prelude to this work, we reviewed existing literature on productivity measurement, with 
particular reference to programmes of healthcare. Appendix 1 reports the results of the 
review. In summary, it discusses:

•	 the Atkinson Review

•	 research by the Centre for Health Economics (CHE) and the National Institute 
for Economic and Social Research (NIESR) on NHS productivity

•	 the associated work of the Department of Health (DH) on productivity 
measurement, and specifically its detailed work relevant to circulatory disease 
on the increased use of statins, the effect of improved blood pressure control 
and reduced cholesterol levels among patients in primary care, the effect 
of improved surgical and medical management of angina, and the effect of 
improved survival rates for patients who have been admitted to hospital with a 
myocardial infarction

•	 the work of the ONS, which is seeking to synthesise best practice in productivity 
measurement

•	 experimental UK work on disease-based productivity measurement

•	 experience in the US, where there has been an emphasis on disease-based 
measures of productivity growth.

In contrast to most previous UK research, this report is concerned with developing measures 
of output and productivity for a specific programme of healthcare, that is, the hospital 
treatment of circulatory disease. Our intention is to follow the methodology developed in 
previous macro-level productivity measurement, but to adapt it for use within a specific 
disease category and to assess the usefulness of the information it yields. 

Our intention is to seek out a ‘single number’ measure of the output and productivity of a 
large and complex system: hospital-based care of circulatory disease. Figure 1 illustrates 
the usual framework for discussing the production process in hospital care. First, financial 
inputs (in the form of costs) are converted into physical inputs (such as labour and capital). 
Physical inputs are then converted into individual activities, such as a diagnostic test. These 
in turn are aggregated into outputs, such as an episode of hospital care. The outputs will 
have certain characteristics related to the quality of care they deliver. Depending on that 
quality of care, patients experience various outcomes, for example, increases to the quality 
and length of life. 
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Figure 1: The production process in hospital care

The usual value-for-money indicators can be considered as partial indicators of success 
within this framework. For example, the traditional measure of ‘length of stay’ indicates the 
level of physical inputs (bed days) required to produce a physical output (an episode). In 
contrast, the post-operative mortality rate is a measure of the quality attached to outputs. 
These measure some aspect of the production process. However, the holy grail of value 
for money is cost-effectiveness – the ratio of outcomes to costs – which embraces the 
entire production process. For example, the cost per quality adjusted life year (QALY) used 
by NICE to assess new technologies is a cost-effectiveness ratio. Of more relevance to 
this report, the recent interest in developing a single number measure of NHS productivity 
represents an attempt to move from the piecemeal assessment of indicators of efficiency 
and effectiveness towards a more comprehensive measure of cost-effectiveness. 

2.2 Circulatory disease: broad trends for England and 
international comparisons

The World Health Organisation (WHO, 1997, p 9) states that: 

Diseases of the heart and circulation – cardiovascular and 
cerebrovascular – such as heart attacks and stroke, kill more people than 
any others, accounting for over 15 million deaths, or about 30 per cent of 
the global total, every year. Many more millions of people are disabled by 
them. Many who die are under the age of 65, and given today’s increased 
life span, these deaths are premature.

CHD is the leading cause of death in the UK and is responsible for 19.6 per cent of total 
annual deaths. Cerebrovascular disease is the third most common cause of death in the UK 
and is responsible for 9.6 per cent of total annual deaths (Office of Health Economics, 2003).

As Figure 2 shows, mortality rates (directly standardised) for all circulatory diseases have 
been decreasing in England for the time period 1993–2004. Overall mortality rates have 
been cut by about 40 per cent for men and about 36 per cent for women, equivalent to an 
average decrease of 4.5 per cent and about 4 per cent per year respectively.
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Figure 2: Directly standardised mortality rates (DMR) for all circulatory diseases – all ages – per 
100,000 European standard population, England

Source: NHS Information Centre for Health and Social Care (National Centre for Health Outcomes Development)

Figure 3: Directly standardised mortality rates (DMR) for all circulatory diseases 
– individuals under 75 years of age – per 100,000 European standard population, 
England 

Source: NHS Information Centre for Health and Social Care (National Centre for Health Outcomes Development)

Figure 3 shows trends in directly standardised mortality rates for all circulatory diseases in 
England for individuals under 75 years of age. This rate is of particular importance as it is 
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one of the target indicators set by the DH in Saving Lives: Our healthier nation (DH, 1999, 
p 2). The target set by the DH is ‘to reduce the death rate from coronary heart disease and 
stroke and related diseases in people under 75 years by at least two fifths by 2010’.

The difference between male and female mortality rates for all circulatory diseases, and 
for specific conditions, is clearly marked and quite substantial. Overall, mortality rates for 
individuals under 75 years of age have fallen by 45 per cent for men and by about 46 per 
cent for women, with an average decrease of 5.3 per cent per year for men and 5.4 per cent 
per year for women.

Figures 4 and 5 show trends in directly standardised mortality rates for CHD for individuals 
less than 65 years of age and for individuals between 65 and 74 years of age respectively. The 
reason for presenting these two age groups for CHD (and later also for stroke) is because they 
constituted target indicators of the DH Health of the Nation (DH, 1992) strategy. 

Figure 4: Directly standardised mortality rates (DMR) for coronary heart disease 
– individuals under 65 years of age – per 100,000 European standard population, 
England

Source: NHS Information Centre for Health and Social Care (National Centre for Health Outcomes Development)

As with the previous figures, the trend in mortality rates from CHD for individuals under 65 
years of age (see Figure 4) has seen a sharp decrease for both males and females for the 
time period 1993–2004. In particular, death rates have decreased overall by about 49 per 
cent for men and by about 55 per cent for women. This is equivalent to an average annual 
decrease of 5.9 per cent for men and about 7 per cent for women. 

A similar pattern emerges for individuals between 65 and 74 years of age, with an overall 
decrease in CHD mortality rates of about 53 per cent for men and about 56 per cent for 
women in the time period 1993–2004. This equates to an average decrease of 6.5 per cent 
per year for men and of just over 7 per cent per year for women (see Figure 5).
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Figure 5: Directly standardised mortality rates (DMR) for coronary heart disease 
– individuals between 65 and 74 years of age – per 100,000 European standard 
population, England

Source: NHS Information Centre for Health and Social Care (National Centre for Health Outcomes Development)

A recent study by Unal et al (2005) looked at which factors have been more likely to contribute 
to the fall in CHD mortality. They observe that in England and Wales CHD mortality rates 
fell by 54 per cent during the period 1981–2000. Reports of studies conducted in the US, 
Europe and New Zealand consistently suggest that 50–70 per cent of the decrease in cardiac 
deaths can be attributed to improvements in major risk factors, such as smoking, cholesterol 
and blood pressure. An additional 25–50 per cent of the fall in CHD mortality is otherwise 
attributable to progress in modern technological treatments, such as thrombolysis, aspirin, 
angiotensin converting enzyme inhibitors, statins and coronary bypass surgery. Unal et al 
(2005) investigate how much of the decline in CHD mortality observed in England and Wales 
is attributable to medical and surgical treatment and how much to changes in known risk 
factors. The results show that 58 per cent of CHD mortality decline in England and Wales is 
attributable to reductions in the major risk factors and that the remaining 42 per cent is due to 
increased treatment of individuals, including secondary prevention.

Figures 6 and 7 illustrate (directly standardised) mortality rates associated with stroke. As 
with the other conditions, they show trends only for individuals under 65 years of age and for 
individuals between 65 and 74 years of age, as these represent target indicators for England.

The overall decrease in stroke mortality rates for individuals under 65 years of age has been less 
prominent than for other circulatory diseases. Overall, the female mortality rate has decreased 
by only 34 per cent, whereas the male mortality rate has decreased by 33.7 per cent. The annual 
average fall in mortality for stroke is 3.6 per cent per year, for both women and men. As for CHD, 
death from stroke is also less accentuated for women than it is for men.
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Figure 6: Directly standardised mortality rates (DMR) for stroke – individuals under 
65 years of age – per 100,000 European standard population, England

Source: NHS Information Centre for Health and Social Care (National Centre for Health Outcomes Development)

Figure 7: Directly standardised mortality rates (DMR) for stroke – individuals 
between 65 and 74 years of age – per 100,000 European standard population, 
England

Source: NHS Information Centre for Health and Social Care (National Centre for Health Outcomes Development)
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In the case of individuals between 65 and 74 years of age, mortality rates have decreased 
overall by 41.9 per cent for men and 43.3 per cent for women; this is equal to an average fall 
in mortality of 4.8 per cent per year for men and almost 5 per cent per year for women.

The Organisation for Economic Co-operation and Development (OECD) collates information 
on a series of health- and healthcare-related data from its member countries, with the aim of 
producing internationally comparable data. The latest available database is OECD Health Data 
2006 (OECD, 2006). Data are collated on a variety of key health and healthcare areas, such 
as health status (mortality and morbidity), healthcare resources (for example, employment), 
healthcare utilisation (for example, in-patient numbers) and expenditure on health. 

Unfortunately, the OECD database does not provide information on the incidence in the 
population of conditions related to circulatory diseases. This would have allowed us to 
understand how widespread a condition is in a country and whether and how its incidence 
varies over time. Changes in the incidence of, say, CHD, may well be associated with 
increased prevention activity, performed both at primary and secondary care level, as well 
as with improved lifestyle activities (increase in exercise, reduction in smoking and so on) of 
the population. 

Our use of the OECD database is therefore limited to examining trends in mortality data 
rather than morbidity. This exercise helps us to set our analysis in an international context. 
In particular, we present some international comparisons in trends for mortality rates for all 
circulatory diseases, and for the following conditions that fall under the circulatory disease 
definition: acute myocardial infarction (AMI), ischaemic heart diseases and cerebrovascular 
diseases. These trends are drawn for all OECD countries and for the time period 1998–2004.

Table 1 shows directly standardised mortality rates for all circulatory diseases in all OECD 
countries, separately for females and males. The figures show a continuous decrease in 
mortality rates over time for all countries. The country with the greatest decrease in mortality 
rate for both females and males in circulatory diseases is Austria. The UK is in the bottom 
half of countries for both females and males.

Table 2 shows directly standardised mortality rates for AMI in all OECD countries, separately 
for females and males. A similar pattern to that for all circulatory diseases emerges here as 
well. The Slovak Republic is now the country with the greatest decrease in its mortality rate 
for AMI, managing to more than halve the rate for female mortality and almost halve the rate 
for males, in the time period 1998–2002. The UK has reduced its mortality rate by just over 
27 per cent for females and by just over 28 per cent for males. Denmark and Korea have 
registered an increase in mortality rates for AMI for both females and males; Luxembourg 
has recorded a rise for males only. In Denmark these rates increased sharply from 1998 to 
1999, followed by a decrease; in Korea, the increase has been continuous apart from a one 
year drop for both females and males in 2001. Luxembourg’s increase in male mortality has 
not followed a particular pattern, nor is there a pattern to its female mortality rate.
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2. Background

The following two tables show trends in the mortality rates for ischaemic heart diseases 
(Table 3) and cerebrovascular diseases (Table 4). Mortality rates for both ischaemic heart 
diseases and cerebrovascular diseases are uniformly lower for women than for men, in 
every country and for every year in the time series considered. In both cases, mortality rates 
have constantly been decreasing.

The Netherlands is the country with the overall largest decrease in mortality rates for 
ischaemic heart diseases: about 34 per cent for women and about 35 per cent for men. The 
UK is among the ten highest achievers in reducing mortality for ischaemic heart diseases for 
both men and women. In the case of cerebrovascular diseases, Austria registers the overall 
largest decrease in mortality rates of 46 per cent for women and 45.5 per cent for men for 
the time period 1998–2004. The UK performs very poorly with only a 4.3 per cent decrease 
in mortality for women and 3.7 per cent for men, making it the third place from the bottom for 
both men and women.
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3.  Data sources for this study
Our main sources of data for activity and costs are the Hospital Episode Statistics (HES) 
database and the National Schedule of Reference Costs database (see boxes below for 
further details). We present data on elective and day cases inpatient stays and non-elective 
(emergency) inpatient stays. The National Schedule of Reference Costs’ unit costs data 
for elective and day cases and non-elective inpatient stays is organised and presented by 
Healthcare Resource Group (HRG) (see box below). HRGs will, therefore, represent the 
base type of unit for our analysis for these two types of activity. 

Reference costs data have been available since 1997/98. They suffer from the usual 
shortcomings associated with all routine costing data, including a concern about variations 
in the complexity of patients within an HRG category, variations in the quality of care 
provided, variations in accounting treatments, variations due to local hospital configuration 
and data errors (Jacobs and Dawson, 2003). However, the quality of data collected as well 
as the number of NHS activities covered has increased over time and – at an aggregate 
level – they are likely to be fit for the purposes for which we use them.

Hospital Episode Statistics (HES)

Hospital Episode Statistics (HES) is the national statistical data warehouse for England 
of the care provided by NHS hospitals and for NHS hospital patients treated elsewhere. 
The HES database is a record level database of hospital admissions and is currently 
populated by taking snapshots of a subset of the data submitted by NHS trusts to 
the NHS-Wide Clearing Service (NWCS). A separate database table is held for each 
financial year containing approximately 11 million admitted patient records from all NHS 
trusts in England.

HES is the data source for a wide range of healthcare analysis for the NHS, 
government and many other organisations and individuals. It contains admitted patient 
care data from 1989 onwards, with more than 12 million new records added each year, 
and outpatient attendance data from 2003 onwards, with more than 40 million new 
records added each year.

HES information is stored as a large collection of separate records – one for each 
period of care – in a secure data warehouse. Each HES record contains a wide range 
of information about an individual patient admitted to an NHS hospital, for example:

•	 clinical information about diagnoses and operations

•	 information about the patient, such as age group, gender and ethnic 
category

•	 administrative information, such as time waited and date of admission

•	 geographical information on where the patient was treated and the area in 
which he/she lives or lived.

Sources: www.hesonline.nhs.uk; www.dh.gov.uk/PublicationsAndStatistics/Statistics/HospitalEpisodeStatistics/
fs/en
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National Schedule of Reference Costs

The reference costs publication is ‘the richest source of financial data on the NHS ever 
produced.’ It provides a ‘basis for comparison between organisations, and data at the 
level of HRG. Trusts and PCT boards will want to understand any significant variations 
affecting their organisations and to take appropriate action.

In particular, reference costs form the basis for calculating the national tariff for 
Payment by Results.

Reference costs data cover activity and costs at NHS hospital trust and primary care 
trusts level. Data for so-called personal medical services and pilots are also recorded.

Source: DH (2006, p 2)

Our dataset is based up to the year 2002/03 on the HRG Version 3. As from year 2003/04, 
the new version 3.5 of the HRG classification system was introduced. Both series are based 
on ICD-10 (for diagnosis) and OPCS-4 (for procedures) – both of these are explained below.

ICD-10 stands for International Classification of Disease codes version 10. Produced by 
the World Health Organisation (WHO), ICD-10 codes are used to record disease and 
health-related problems. They comprise primary, subsidiary and secondary diagnoses 
that are usually listed in a patient episode of healthcare. These codes are used within the 
acute sector of the NHS and their use is mandatory across England. ICD-10 codes are 
also used by the DH to construct HRGs; the latter form the basis of the DH Payment by 
Results programme, as well as constituting the unit of measure for the National Schedule of 
Reference Costs.

OPCS-4 stands for Office of Population Censuses and Surveys Tabular List of the 
Classification of Surgical Operations and Procedures, 4th revision. It is a statistical 
classification developed to translate and classify all surgical operations and procedures that 
are carried out on a patient during an episode of healthcare in the NHS acute sector. The 
classification consists of anatomically-based chapters mostly related to the whole or part of 
a system of the body. OPCS-4 forms a part of the data flows for the national HES database 
as well as for commissioning data sets. 
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Healthcare Resource Groups (HRGs)

‘Healthcare Resource Groups are designed as groupings of treatment episodes, 
currently applicable to the Admitted Patient Care Minimum Dataset and so covering 
inpatients and day cases.

HRGs are determined from diagnostic (ICD-10) and procedural (OPCS-4) codes that are 
intended to capture every detail of a clinical event by simple alpha-numeric symbols.

The grouping process requires the use of the following variables from the Inpatient 
Minimum Dataset:

•	 primary and secondary procedures

•	 primary, subsidiary and secondary diagnoses

•	 age

•	 sex

•	 method of discharge (to indicate whether the patient was dead on 
discharge)

•	 legal status (indicating whether patients admitted to a psychiatric facility are 
compulsorily detained)

•	 length of stay (duration of the Finished Consultant Episode).’

The ‘grouper’ attempts to assign an HRG to a patient record on the basis of the OPCS-
4 procedure codes. In cases where more than one procedure is listed, it will assign an 
HRG on the basis of the procedure hierarchy. Only in the event that no procedure is 
indicated in the patient record or if the hierarchy value of the dominant group is 1, or if 
the procedure is classified as a minor procedure and length of stay is greater than 1, the 
grouper will look at the primary and subsequent diagnosis (ICD-10) codes to assign an 
HRG to the patient record. When grouping is based on diagnosis, the primary diagnosis 
is used to assign the HRG. Exceptions are specifically listed, for example, chemotherapy. 
In this case, HRGs may be assigned on the basis of the secondary diagnosis.

Source: NHS Information Centre for Health and Social Care

We present data for a variety of quality indicators. Leatherman and Sutherland (2005) 
summarise the key areas of quality in healthcare. These are effectiveness, access and 
timeliness, safety, patient-centredness and disparities, and capacity. The WHO (2005) 
programme for improving the quality of health systems includes a list of elements that it 
considers important for quality: safety, appropriateness, effectiveness, acceptability and 
equity. Dawson et al (2005) identified characteristics of healthcare that they introduced as 
quality adjustors in their output growth measures. 

In practice, there are a limited range of reliable quality measures available over the time 
period we investigated. We therefore looked at the following dimensions as the main quality 
indicators, which are the same as the ones used in Dawson et al (2005):

•	 survival rates: both in-hospital and at 30 days

•	 health outcome (or effect on health)
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•	 waiting times (average)

•	 life expectancy.

Data on survival rates and waiting times are available in the HES database and are linked to 
HRGs. 

In principle, health outcome refers to the value added to each individual’s health as a result 
of a contact with the health system. Because the main aim of a health system is to produce 
or improve an individual’s health, health outcomes seem the best measure to use to quality 
adjust the output produced by the public healthcare system. However, there are some 
measurement difficulties involved as, usually, an individual’s health status in the absence 
of intervention is rarely observed, and moreover it would be ethically wrong to deny care 
to some individuals when in need. Hence, as Dawson et al (2005) point out it is on pre- 
and post-intervention measures that data ought to be collected by the NHS. This is not an 
easy task as different measures of health are currently available (EQ5D, SF36 and so on), 
sometimes measuring different aspects of health (physical versus mental health). It might 
well be the case that different diseases need different measures to capture the pre- and 
post-operative health status of patients. 

Following the joint CHE (the University of York) and the NIESR recommendation (Dawson 
et al, 2005), the DH initiated a pilot study carried out by the London School of Hygiene and 
Tropical Medicine from August 2005 until the end of 2006. The procedures on which pre- 
and post-intervention health outcomes measures are collected are: cataract surgery, hip 
replacement, knee replacement, varicose vein procedures and hernia repairs. The pilot 
makes use of several patient recorded outcome measures with the aim of identifying those 
that could be best used for the purpose of measuring health changes before and after an 
intervention.

The CHE/NIESR have also used measures of pre- and post-operative health measures for 
29 HRGs. These came from a variety of sources. We will be using a subset of these ‘before 
and after’ measures of health in this report.

Estimates of life expectancy are compiled from mortality data, while estimates of quality 
adjusted life expectancy are based on self-reported health states. The Government’s 
actuary website provides life expectancy figures for every year. 
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4. Data on circulatory diseases 
We identified a series of diagnoses and procedures that are commonly known to belong 
to the broad category of circulatory diseases based on the DH programme budget area of 
‘circulation’. The DH programme budgeting categorisation presents three separate lists of 
diagnosis codes under circulation:

• coronary heart disease (PB-10A)

• cerebrovascular disease (PB-10B)

• other problems of circulation (PB-10X). 

As activity and unit costs data are organised by HRG, the ICD-10 codes attributed to the 
circulation programme budget needed to be mapped to the relevant HRGs. This was done 
by using the online HRG explorer which maps primary diagnosis and procedures to up to 
five alternative base HRGs. The first HRG listed is the default HRG to which codes will be 
assigned if no exceptional factors are present on the patient record. The remaining HRGs, if 
listed, are given if an exceptional factor is present in the computerised patient record.

The mapping procedure allowed us to produce a first list of HRGs, which we complemented 
with a further list of HRGs that we believe should fall under the broad definition of circulatory 
diseases. The total number of identified HRGs related to circulatory diseases is 57. All 
HRG codes and labels are presented in the following tables. The tables are complemented 
with volumes of activity and unit costs (Table 5), and survival rates – both ‘in-hospital’ and 
‘in-hospital and 30 days’ (Table 6) – for the last year of the time series that we used in this 
report (2003/04). 

4.1 Data and methodology

4.1.1 Outputs

The main aim of the NHS is to improve patients’ health, which is achieved by providing 
goods and services timely and efficiently to individuals in need of healthcare. As Dawson et 
al (2005) set out, the ‘produce’ of the healthcare sector can be divided into activities, outputs 
and outcomes. The first refers to simple activities, such as diagnostic tests and operative 
procedures; the second are the bundle of activities that are administered to patients in 
their journey with the NHS. Outcomes include all the characteristics of healthcare services 
(improved health, cleanliness, waiting times and so on) that patients value.

Here we focus on activity only. The box below summarises the four possible measures of 
hospital activity. Although activity data in the reference cost database are measured as 
finished consultant episodes (FCEs), in this report we prefer to follow Dawson et al (2005) 
and use as our unit of analysis continuous inpatient (CIP) spells for NHS care. 
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4. Data on circulatory diseases
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4. Data on circulatory diseases
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4. Data on circulatory diseases
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Hospital activity: some terms explained

Consultant episodes: The basic unit in HES is the consultant episode. Each 
observation records the treatments provided to a patient while they are under the care 
of a particular consultant. HES contains episodes that are unfinished at the start and 
end of each HES year.

Finished consultant episodes (FCEs): A count of episodes means that an episode that 
spans two HES years would be counted in each year. FCEs are episodes that have 
finished by the end of the HES year, although they may have begun before the start of 
the HES year. The DH’s new Output Index uses FCEs since unit costs are derived from 
the reference costs data and these are defined for FCEs.

Provider spells: Around 8 per cent of patients have more than one FCE during a spell in 
a hospital. It is possible to link episodes in the same spell to count provider spells.

Continuous inpatient spells (CIPS): Some patients (around 1 per cent) are transferred 
to another provider at the end of an episode and it is possible to link episodes across 
providers to yield continuous inpatient spells.

Source: Dawson et al (2005)

The reason why we want to move from episodes to CIPS is that the latter more clearly 
correspond to the journey that patients undergo in the NHS. Disease-based or patient-
based output measures for the healthcare sector are considered by many informed 
commentators (see Atkinson, 2005; Cutler and Huckman, 2003) as the best way forward in 
improving the measurement of the health system output and productivity. Although current 
routine administrative data systems do not directly track patients, and hence the resources 
used by them in their journey across NHS settings, CIPS are thought to capture ‘most 
comprehensively the full package of inpatient care and they are less vulnerable to being 
miscounted if transfers among provides vary over time or if there are changes in how “being 
under the care of a consultant” is defined’ (Dawson et al, 2005, p 37). 

HES data allow us to construct CIPS. Dawson et al (2005, p 29) describe what happens: 

A HES record is generated for each episode of admitted patient care under a particular 
consultant within a single hospital provider; admitted patient care includes day surgery. The 
unit of analysis employed by HES is the finished consultant episode (FCE). Over 90 per cent of 
all episodes involve a patient remaining under the care of the same consultant for the duration 
of their stay in hospital. In the other cases, however, the patient is discharged from the care 
of one consultant, but remains in hospital, and moves to the care of another consultant. This 
move, from the care of one consultant to another, terminates one HES episode and triggers 
the start of another. By grouping together all those episodes associated with a stay at a given 
provider (hospital) one identifies continuous inpatient provider spells of care. 

It is also possible that patients may be transferred from one hospital (where the patient was 
first admitted) to another because, for example, the current condition of the patient requires 
equipment that is available only in a highly specialised hospital. These two contacts would 
be captured as two distinct HES episodes, whereas they should be counted as one contact 
only. Hence, it is vital to track and link together these inter-hospital transfers. Rather than 
use episodes or provider spells as the unit of analysis, Dawson et al (2005) suggest utilising 
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CIPS of NHS care. These are defined as continuous periods of care received by a patient 
anywhere within the NHS.

As set out above, Dawson et al (2005) acknowledge the fact that an NHS spell might consist 
of a number of episodes for a single patient, especially if transferred from one hospital to 
another or from one consultant to another within the same setting. Consequently, the HES 
database will have more than one record for such patients. Although records within the HES 
database are not currently linked it is possible to use other available information, that is, 
admission details and patient identifier, to link continuous periods of treatment to form the 
so-called CIP spells of NHS care. 

Finally, we must assume that the average severity of patients in a given diagnostic category 
remains constant over time. This may not be the case if, for example, doctors are lowering 
the threshold for treatment over time, leading perhaps to higher marginal costs and lower 
marginal benefits of treatment. The extent of such case-mix changes within diagnostic 
categories is an issue that we cannot address in this study, but one that merits careful 
monitoring by those collecting such data (for a full account on how to identify CIPS, see 
Dawson et al, 2005).

4.1.2  Inputs

Inputs in the NHS constitute the resources used in the production of NHS activities and 
outputs. Together these contribute to the production of health outcomes. Inputs can be 
disaggregated into three different categories: labour, intermediate consumption (also 
called procurement) and capital consumption. Each of them contributes differently to the 
production of healthcare. Labour refers to all staff employed by the NHS, such as medical 
and nursing staff. Intermediate consumption or procurement regards the purchase of goods 
and services that are used in the production of healthcare services, for example, drugs 
and electricity. The NHS also purchases capital assets that can be used repeatedly or 
continuously over a longer period of time. Examples of capital assets are hospital buildings, 
machinery and vehicles. These differ from intermediate goods and services in that they last 
over a number of years, while the latter are used up in the production process in a given 
year. The amount of capital assets that is used up by the NHS in any given year is called 
capital consumption.

Although data on inputs are available for the whole NHS, it proved impossible to use these 
data for the purpose of our analysis. Ideally, we would like to be able to apportion total 
volumes and expenditure on labour, intermediate consumption and capital consumption 
to each single diagnosis/procedure that falls under the category of ‘circulatory diseases’ 
or, failing this, to be able to produce a total figure for all circulatory diseases. This is not 
currently remotely feasible, and we needed instead to use unit costs as produced in the 
National Schedule of Reference Costs to populate the input side.

Unit costs produced by the DH are attached to finished consultants episodes in the 
reference cost database. However, our unit of analysis for hospital activities is CIPS, which 
usually comprise a number of episodes. Therefore, it is necessary to calculate a series of 
unit costs to attach to CIPS for all available years. 

These calculations were performed by CHE/NIESR for their project on developing new 
measures for NHS output and productivity and we shall refer to this work repeatedly in the 
remainder of this report (see the box below).
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Unit costs of spells

There are a number of ways of calculating a cost for each spell and for labelling spell types.

(a) Define the spell type by the set of FCEs it contains – to simplify this ignore the order of 
FCEs in the spell: The unit cost of a spell type is the sum of the unit costs of the HRGs of its 
constituent FCEs. The advantage of this approach is that output types are homogenous: each 
contains spells with the same set of FCEs. The disadvantage is that the number of different 
types of spell is potentially very large. Even if spells consist of at most two FCEs there are ½ 
n(n+1) types of spell if there are n types of FCE. There are over 500 elective HRGs and the 
same number of non-electives. Restricting attention to 2002/03 spells that had an elective 
first episode we found over 17,000 different types of spell. Thus, calculation of the indices is 
cumbersome because of the great increase in the number of outputs. The procedure can be 
satisfactorily computed: total costs calculated as numbers of spells of each type multiplied 
by their unit costs will equal total cost calculated as numbers of FCEs of each type multiplied 
by their reference cost unit costs. A pure Cost Weighted Activity Index (CWAI) with activity 
measured by spells defined in this way would be very nearly equal to the pure CWAI with 
activity based on FCEs. However, there would be a slight difference because some spells 
that have a first FCE finishing in year t and a second FCE finishing in year t+1 would be 
assigned to year t+1, whereas the constituent FCEs would be assigned to different years with 
a FCE-based index. Average waits and mortality would also be added up satisfactorily.

(b) Assign each spell to a type by using the HRG of its first episode and use the cost of the 
HRG of the first FCE in the spell as the unit cost of the spell: The spells in an HRG category 
may contain disparate types of spell (defined by the set of HRGs of their constituent FCEs) 
but all will have the same first FCE type. This will underestimate the cost of multi-FCE spells. 
Multiplying the number of spells by the unit costs of their first FCEs will yield a total cost that 
is less than actual total cost (which is the number of FCEs of different types multiplied by their 
unit costs). Thus, the average cost for each output type is not the ‘true’ unit cost, that is, the 
total cost of all spells assigned to the type divided by the number of spells.

(c) Define the spell type by the HRG type of the first episode: Calculate the unit cost of the 
HRG as the total cost of all spells assigned to it divided by the number of spells assigned. The 
cost of a spell is calculated as the sum of the unit costs of the FCEs it contains. Like (a) this 
satisfies adding up for costs, waits and deaths. It requires more HES processing than (b) but 
less than (a) since the number of output types would be smaller. Since it produces the same 
number of output types as (b) the subsequent calculation of the indices is simpler than (a).

Using CIPS with version (c) would give us a unit of output that was not homogenous in that 
different cases in each output group (by HRG of first FCE) may have different combinations 
of second, third and so on. But any output categorisation will have heterogeneous cases 
since different individuals wait different lengths of time for the same type of output. Using 
(c) involves averaging over waiting times, costs and mortalities but it does give an accurate 
answer to a meaningful question: what is the average cost, wait or mortality of a person 
whose first FCE was of this type? We therefore base our calculation of indices with CIPS 
activity measures on method (c).

Source: Dawson et al (2005)
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5. Trends in activity, unit costs and survival 
rates for selected treatments

This section presents some broad trends in volume of activity (CIPS), unit costs and a 
quality adjustor for a selected numbers of HRGs. We choose two simple criteria to include 
HRGs in our selection: 

• they form a coherent set of diagnosis and/or form related types of procedures, 
and/or 

• they represent high volumes of activity. 

It should be emphasised that, although we only present a subsection of treatments here, our 
subsequent analytic work aggregates all HRGs related to circulatory diseases. In presenting 
these findings, it is important to stress that we do not seek to explain why such trends have 
arisen. On the demand side, the causes might include demographic changes, changes in 
morbidity, changes in the private sector, changes in referral thresholds and switches from 
or to other therapies (such as drug regimes). On the supply side, the causes might include 
changes in technology, changes in treatment thresholds and changes in the number of 
specialists. Analysis of such explanations would be a valuable research agenda, but this is 
beyond the scope of our study.

The first set of HRGs illustrated are some of the major treatments related to stroke and 
comprise HRGs A19, A20 and A21, A22 and A23. 

The second set of HRGs are related to CHD, in the form of Heart Surgery (E04 and E15), 
Acute Myocardial Infarction (AMI) (E11 and E12), Cardiac Catheterisation (E14) and Chronic 
(congestive) Heart Failure (E18 and E19). All of the diagnoses and procedures fall under the 
broad category ‘coronary heart diseases or CHD’.

The remaining HRGs identify symptoms of heart conditions that represent a high proportion 
of total volumes of NHS activity for circulatory diseases in 2003/04.

Throughout this section unit costs have been deflated in order to present meaningful and 
comparable trends. Two different deflators were used: 

• the NHS Pay and Prices Index, which reflects trends in input prices (especially 
pay and pharmaceuticals) that are specific to the NHS

•	 the GDP deflator, which reflects general price movements in the economy (see 
Appendix 2 for details). 

Over the period considered, NHS pay and prices show higher inflation than the general 
economy, so the deflation always suggests higher expenditure growth using the GDP deflator.

As an indication of outcomes, we present trends in ‘in-hospital and 30 days’ survival rates.
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5.1 Stroke

The WHO (2006) defines stroke as ‘a focal (or at times global) neurological impairment 
of sudden onset, and lasting more than 24 hours (or leading to death), and of presumed 
vascular origin’. Three major subcategories are identifiable and they are: ischaemic stroke, 
intracerebral haemorrhage and subarachnoid haemorrhage.

We present only a handful of high volume HRGs that are assigned to the diagnosis of 
‘stroke’. Figures 8 and 9 show trends in volumes of output for non-elective inpatient stays. It 
appears that, as from 2002/03, an increasing number of patients were admitted to hospital 
suffering from a condition related to stroke. The increase has been larger for patients 
either older than 69 years of age or with complications (‘w cc’; ‘w/o cc’ refers to ‘without 
complications’). Non-transient stroke or cerebrovascular accidents (A22) for individuals over 
70 years of age is the largest in terms of activity among the HRGs presented for stroke.

Figure 8: Trends in non-electives Haemorrhagic Cerebrovascular Disorder (A19), 
non-electives Transient Ischaemic Attack: aged >69 or w cc (A20) and aged <70 or 
w/o cc (A21)

Source: Hospital Episodes Statistics, 1998/99–2003/04
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Figure 9: Trends in non-electives Non-Transient Stroke or Cerebrovascular Accident: 
aged >69 or w cc (A22) and aged <70 or w/o cc (A23)

Source: Hospital Episodes Statistics, 1998/99–2003/04

Figures 10 and 11 show trends in unit costs for HRGs related to stroke using the NHS Pay 
and Prices Index and the GDP deflator to adjust to 1998/99 prices. The general picture 
is of fairly stable costs, with some evidence of increases at the start of the period under 
consideration and modest cost reductions in more recent years.
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Figure 10: Trends in unit costs for non-electives Haemorrhagic Cerebrovascular 
Disorder (A19), non-electives Transient Ischaemic Attack: (A20) and (A21) – in 
1998/99 prices using the NHS Pay and Prices index (a) and GDP deflator (b) 

Source: National Schedule of Reference Cost, 1998/99–2003/04

Figure 11: Trends in unit cost for non-electives Non-Transient Stroke or 
Cerebrovascular Accident (A22 and A23) – in 1998/99 prices using NHS Pay and 
Prices index (a) and GDP deflator (b) 

Source: National Schedule of Reference Cost, 1998/99–2003/04

Overall ‘in-hospital and 30 days’ survival rates for diagnosis/procedures related to stroke 
are shown in Figures 12 and 13. Of those with substantial mortality rates, there is some 
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indication of improved outcomes towards the end of the period under consideration. Survival 
from haemorrhagic cerebrovascular disorder (A19) registered a decline in the early years 
that was reversed by the end of the period. There is evidence of marked improvement for 
Non-Transient Stroke (A22) and Cerebrovascular Accident (A23) over the six-year period.

Figure 12: Trends in survival rates for non-electives Haemorrhagic Cerebrovascular 
Disorder (A19) and for non-electives Transient Ischaemic Attack (A20 and A21) – in-
hospital and 30 days 

Source: Hospital Episodes Statistics, 1998/99–2003/04
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Figure 13: Trends in survival rates for non-electives Non-Transient Stroke or 
Cerebrovascular Accident (A22 and A23) – in-hospital and 30 days 

Source: Hospital Episodes Statistics, 1998/99–2003/04

5.2 Coronary heart disease (CHD)

Coronary heart disease (CHD) is the condition that occurs when the constant supply of 
oxygen to the heart muscle is blocked partially or completely. Oxygen is carried to the heart 
muscle in the blood and flows to it through the coronary arteries (the heart’s blood vessels). 
Coronary arteries are located to the left and to the right of the aorta and supply the tissues 
of the heart itself. The reduced supply of oxygen can be caused either by the presence of a 
blood clot (thrombosis) or by the arteries becoming thick and hard (sclerosis). 

Different types and severity of CHD may occur according to the degree to which the 
coronary arteries are blocked. If they are completely blocked then the patient may 
experience a heart attack (myocardial infarction); if the block is only partial, then this can 
cause chest pains otherwise known as angina. Acute myocardial infarction (AMI) refers to 
the death of the heart muscle, while heart failure or shock refers to a condition in which the 
pumping action of the heart is inadequate. Coronary artery bypass grafting (CABG) and 
percutaneous transluminal coronary angioplasty (PTCA) are procedures performed when 
patients present a chronic CHD.

Figures 14 and 15 show trends for England in non-elective inpatient spells for patients 
diagnosed with AMI, and in both elective (including day cases) and non-elective inpatient 
stays for patients diagnosed with heart failure or shock. 

AMI is a severe condition and is usually accompanied by complications (w cc). This explains 
the much higher volumes of activity registered for E11 (w cc) compared with E12 (w/o cc). 
The time series under consideration shows a rapid decrease in AMI with complications up to 
2001/02, followed by an equally rapid increase from 2001/02 to 2002/03 before stabilising. 
There is an increase of volumes of activity for AMI for patients without complications over 
the time period considered.
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Figure 14: Trends in non-electives Acute Myocardial Infarction w cc (E11) and w/o cc 
(E12)

Source: Hospital Episodes Statistics, 1998/99–2003/04

Volumes of activities for heart failure and shock performed as elective or day case inpatient 
stays have remained stable throughout the time period under investigation. Non-elective 
inpatient stays, which are much larger in volume (especially for patients over 69 years of age 
or with complications), show a fall up to 2001/02, before increasing again and stabilising in 
the last year of the series.
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Figure 15: Trends in electives and day cases (-e) and non-electives (-ne) Heart Failure 
or Shock: aged >69 or w cc (E18) and aged <70 or w/o cc (E19)

Source: Hospital Episodes Statistics, 1998/99–2003/04

The downward sloping trends in volumes of activity for the two CHD conditions presented so 
far may be due to increased preventive and diagnostic activities performed through advice 
from a general practitioner or general health campaigns (for example, to reduce smoking). It 
may also be due to curative activities such as an increase in the prescription of drugs.

If CHD becomes chronic, medical practice is to perform revascularisation procedures, most 
commonly CABG and PTCA. These two procedures are usually considered substitutes 
(Mai, 2004), although it is yet to be established whether they are perfect or imperfect 
substitutes. A series of studies has been undertaken in the UK exploring the substitutability 
and health effects of bypass and angioplasty. A paper by Henderson et al (1998) for the 
UK describes the results from a randomised intervention treatment of angina (RITA-1) trial 
conducted on 1011 coronary heart disease patients in the UK, and presents an in-depth 
analysis of the relative cost-effectiveness of angioplasty versus bypass grafting. The RITA-
1 trial concludes that the long-term effects on survival rates and avoidance of myocardial 
infarction on patients treated with either procedure are comparable. It finds that, in terms of 
cost, bypass starts off as a more expensive procedure because it is more resource intensive 
than angioplasty, but that average costs tend to converge to CABGs in the long term due to 
PTCAs’ higher associated hospital re-admission rates.

The data in Figure 16 present trends for CABG and PTCA in both elective and non-
elective settings. Rates of CABG have remained stable, while PTCA rates have increased 
rapidly: they have more than doubled over the six-year period. In the final year there is 
some evidence of substitution beginning to take effect in the elective setting, when a large 
increase in PTCA procedures is accompanied by a quite sharp fall in CABG procedures. 
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Figure 16: Trends in electives and day cases (-e) and non-electives (-ne) for CABG 
(E04) and PTCA (E15)

Source: Hospital Episodes Statistics, 1998/99–2003/04

Figure 17: Trends in electives and day cases (-e) and non-electives (-ne) Cardiac 
Catheterisation w/o cc (E14)

Source: Hospital Episodes Statistics, 1998/99–2003/04

Figure 17 presents trends in cardiac catheterisation w/o cc – one of the highest volume 
circulatory treatments – for elective and non-elective spells. Both suggest a steady increase 
in the volume of activity, which is especially marked in the elective sector. 
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As for stroke, CHD unit costs suggest (with a few exceptions) a general pattern of rising 
costs in the early part of the period, followed by some reduction in the last two years. Figure 
18 shows the data for AMI, while Figure 19 illustrates the costs for heart failure or shock. 
The data in Figure 20 show some departure from this pattern for E19 elective care (heart 
failure or shock for people aged less than 70 years), but it should be noted that this is a very 
low volume treatment.

Figure 18: Trends in unit costs for non-electives Acute Myocardial Infarction (AMI) w 
cc (E11) and w/o cc (E12) – in 1998/99 prices using NHS Pay and Prices Index (a) and 
GDP deflator (b) 

Source: National Schedule of Reference Cost, 1998/99–2003/04
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Figure 19: Trends in unit costs for electives and day cases (-e) and non-electives 
(-ne) Heart Failure or Shock aged >69 or w cc (E18) – in 1998/99 prices using NHS Pay 
and Prices Index (a) and GDP deflator (b) 

Source: National Schedule of Reference Cost, 1998/99–2003/04

Figure 20: Trends in unit costs for electives and day cases (-e) and non-electives (-
ne) Heart Failure or Shock aged <70 or w/o cc (E19) – in 1998/99 prices using NHS Pay 
and Prices Index (a) and GDP deflator (b)

Source: National Schedule of Reference Cost, 1998/99–2003/04
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Figure 21: Trends in unit costs for electives and day cases (-e) and non-electives 
(-ne) CABG (E04) – in 1998/99 prices using NHS Pay and Prices Index (a) and GDP 
deflator (b) 

Source: National Schedule of Reference Cost, 1998/99–2003/04

Figures 21 and 22 show trends in unit costs for CABG and PTCA. It should be noted first 
that unit costs for non-elective procedures are consistently higher than their elective and day 
case counterparts. This may in some part be due to the higher dependency of patients that 
are admitted and operated as emergency cases. Further, PTCA is a consistently less costly 
procedure than CABG (for both electives and day cases and non-electives).
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Figure 22: Trends in unit costs for electives and day cases (-e) and non-electives 
(-ne) PTCA (E15) – in 1998/99 prices using NHS Pay and Prices Index (a) and GDP 
deflator (b) 

Source: National Schedule of Reference Cost, 1998/99–2003/04

Figure 23: Trends in unit costs for electives and day cases (-e) and non-electives 
(-ne) Cardiac Catheterisation w/o cc (E14) – in 1998/99 prices using NHS Pay and 
Prices Index (a) and GDP deflator (b) 

Source: National Schedule of Reference Cost, 1998/99 – 2003/04
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Figure 23 presents unit costs for non-elective catheterisation procedures. It confirms the 
greatly lower costs of elective spells, and a very sharp increase followed by an almost equal 
decrease in non-elective costs.

Figure 24 shows trends in survival rates for patients admitted to hospital with AMI. There is 
a modest but noticeable improvement over the study period. It is more difficult to detect any 
material trend among the heart failure or shock HRGs (see Figure 25).

Figure 24: Trends in non-electives survival rate for Acute Myocardial infarction w cc 
(E11) and w/o cc (E12) – in-hospital and 30 days 

Source: Hospital Episodes Statistics, 1998/99–2003/04
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Figure 25: Trends in electives and day cases (-e) and non-electives (-ne) survival rate 
for Heart Failure or Shock aged >69 or w cc (E18) and aged <70 or w/o cc (E19) – in-
hospital and 30 days 

Source: Hospital Episodes Statistics, 1998/99–2003/04

Survival rates for patients treated with CABG, PTCA and cardiac catheterisation w/o cc (see 
Figures 26 and 27) are relatively high throughout the period, and there is some evidence of 
improvement in non-elective outcomes.

Figure 26: Trends in electives and day cases (-e) and non-electives (-ne) survival rate 
for CABG (E04) and PTCA (E15) – in-hospital and 30 days 

Source: Hospital Episodes Statistics, 1998/99–2003/04
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Figure 27: Trends in electives and day cases (-e) and non-electives (-ne) survival rate 
for Cardiac Catheterisation w/o cc (E14) – in-hospital and 30 days 

Source: Hospital Episodes Statistics, 1998/99–2003/04

5.3 Symptoms of heart conditions

This last subsection shows trends in activity, unit costs and survival rates for a set of HRGs 
that we label ‘symptoms of heart condition’. These HRGs were chosen because of their high 
activity volumes in 2003/04 (see Tables 5 and 6).

Arrhythmia or Conduction Disorder (E29 and E30), Syncope (E31 and E32), Angina (E33 
and E34) and Chest Pain (E35 and E36) are diagnoses that are usually treated in an 
ambulatory setting by a GP through medical management, mainly drugs. However, some 
of these diagnoses may lead to more severe conditions and to a need for painful and risky 
procedures if not kept under observation and treated appropriately.

Figure 28 presents volumes of activity for arrhythmia or conduction disorder. These are 
predominantly emergency admissions, for which there has been a sharp increase since 
2001/02.
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Figure 28: Trends in electives and day cases (-e) and non-electives (-ne) Arrhythmia 
or Conduction Disorders aged >69 (E29) or w cc and aged <70 or w/o cc (E30)

Source: Hospital Episodes Statistics, 1998/99–2003/04

For other non-elective HRGs in this category, Figure 29 shows that the highest volume, and 
consistently high increases in volume, have been for chest pain (for people aged less than 
70 years without complications).

Figure 29: Trends in non-electives Syncope aged >69 w cc (E31) and aged <70 w/o cc 
(E32), Angina aged >69 w cc (E33) and aged <70 w/o cc (E34), and Chest Pain aged 
>69 w cc (E35) and aged <70 w/o cc (E36)

Source: Hospital Episodes Statistics, 1998/99–2003/04
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Figures 30 to 33 present trends in unit costs for these HRGs. They exhibit the familiar pattern of 
modest increases in early years, followed by somewhat sharper declines in the last two years. 

Figure 30: Trends in unit costs for electives and day cases (-e) and non-electives 
(-ne) Arrhythmia or Conduction Disorders aged >69 or w cc (E29) – in 1998/99 prices 
using NHS Pay and Prices Index (a) and GDP deflator (b) 

Source: National Schedule of Reference Cost, 1998/99–2003/04

Figure 31: Trends in unit costs for electives and day cases (-e) and non-electives (-
ne) Arrhythmia or Conduction Disorders aged <70 or w/o cc (E30) – in 1998/99 prices 
using NHS Pay and Prices Index (a) and GDP deflator (b) 

Source: National Schedule of Reference Cost, 1998/99–2003/04
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Figure 32: Trends in unit costs for non-electives Syncope or Collapse (E31 and E32), 
Angina (E33 and E34), and Chest Pain (E35 and E36) – in 1998/99 prices using NHS 
Pay and Prices Index 

Source: National Schedule of Reference Cost, 1998/99–2003/04 

Figure 33: Trends in unit costs for non-electives Syncope or Collapse (E31 and E32), 
Angina (E33 and E34), and Chest Pain (E35 and E36) – in 1998/99 prices using GDP 
deflator 

Source: National Schedule of Reference Cost, 1998/99–2003/04

Figures 34 and 35 confirm that survival rates are generally high for these HRGs, offering little 
scope for improvement.
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Figure 34: Trends in electives and day cases (-e) and non-electives (-ne) Arrhythmia 
or Conduction Disorders (E29 and E30) – in-hospital and 30 days 

Source: Hospital Episodes Statistics, 1998/99–2003/04

Figure 35: Trends in non-electives survival rate Syncope or Collapse (E31 and E32), 
Angina (E33 and E34), and Chest Pain (E35 and E36) – in-hospital and 30 days 

Source: Hospital Episodes Statistics, 1998/99–2003/04
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6. Cost weighted output measures of 
circulatory diseases

This section shows the growth in NHS hospital output for circulatory diseases in the period 
from 1998/99 to 2003/04. It also demonstrates the impact on a Cost Weighted Output Index 
(CWOI) of adjustments made for one quality dimension: survival rate. 

For illustrative purposes only, we analyse the effect on output growth of introducing more 
general health outcomes into the equation. We do this using two HRGs for which we have 
health outcomes measures: CABG (E04) and PTCA (E15). Dawson et al (2005) and Castelli 
et al (forthcoming) have carried out similar exercises for 29 HRGs. Before presenting results, 
we briefly outline some of the features of the data we used.

Figure 36 graphs the number of CIPS for each year from 1998/99 to 2003/04. It shows little 
change in the number of CIPS for electives and day cases up to 2001/02, with some growth 
after this year. Non-electives show a more significant growth, with a high growth in the last 
two years of the time series.

Figure 36: Number of CIPs for electives and day cases and non-electives, 1998/99–
2003/04

Source: National Schedule of Reference Cost, 1998/99 – 2003/04

As demonstrated in the previous section, survival rates for most of the HRGs included in 
our data set show a steady increase over the time period 1998/99 to 2003/04 for both ‘in-
hospital’ and ‘in-hospital and 30 days’ data, thereby slightly augmenting the activity-based 
measures of output. Elective and day case procedures are usually associated with higher 
survival rates than their non-elective counterparts. 

Measurement of trends in inputs to the hospital treatment of circulatory disease is 
problematic. In principle, we require details of physical inputs such as labour, capital and 
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pharmaceuticals to construct such an index. However, no such data are available; instead 
we must rely on the NHS estimates of reference costs for individual treatments, which often 
depend on crude accounting choices by NHS providers. In 2002/03, unit costs for elective 
procedures varied from £394 for deep vein thrombosis to just under £27,000 for heart and 
lung transplant procedures; unit costs for non-electives varied from £499 for chest pain to 
£34,000 for heart transplant.

Figure 37 shows the implied total expenditure on HRGs associated with circulatory disease 
across the six-year period. The results are presented in 1998/99 prices, deflated using 
both the GDP deflator and the NHS Pay and Prices Index. Both show a steady increase 
in real expenditure from £1.4 billion in the first year. The GDP deflator is likely to be more 
appropriate for indicating the real increase in inputs used by the NHS, and implies a growth 
of 5.3 per cent per annum in circulatory disease hospital inputs over the six-year period. This 
is in line with ONS estimates of total NHS input growth over the same period (between 4.8 
per cent and 5.5 per cent depending on the methodology used). 

Figure 37: Total expenditure on circulatory disease using GDP deflator (a) and NHS 
Pay and Prices Index (b), 1998/99–2003/04

Source: National Schedule of Reference Cost, 1998/99 – 2003/04

6.1 Cost weighted output growth indices

The first set of figures produced is the simple CWOI for our set of NHS hospital activity for 
circulatory diseases. This index aggregates activity by weighting it by unit costs, equivalent 
to multiplying the ratio of activities by their cost shares. The formula is:

(6.1)  

In this formula, xj is the amount of activity (number of operations, consultations, diagnostic 
tests and so on) undertaken in period t and t+1 and cjt is the unit cost of activity j in time t. 
The index is a Laspeyres index, and hence uses the unit cost of the base year t.
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The quality adjustor that we introduce is survival rates. We use both ‘in-hospital’ and ‘in-
hospital and 30 days’ survival rates. The adjustment to be made to the above formula is:

(6.2)  

We now add ajt+1 and ajt to the previous notation. These are the probability of surviving 
treatment j at time t+1 and t respectively.

Table 7 summarises these first set of figures. NHS output for circulatory disease has on 
average increased over the time period from 1998/99 to 2003/04. The unadjusted output 
CWOI suggests an average annual growth in output of 3.9 per cent. There is annual 
variation in the estimated amount of growth, especially between 2001/02 and 2002/03. This 
is due to exceptional increases in activity in a number of HRGs, for both electives and day 
cases, and non-electives. 

Table 7: Cost Weighted Output Index (CWOI) simple and with survival adjustment 
– time series 

  CWOI (%) CWOI with in-hospital 
survival rate (%)

CWOI with in-hospital and 30 
days survival rate (%)

1998/99–1999/00 2.23 1.47 1.36

1999//00–2000/01 2.86 3.22 3.33

2000/01–2001/02 3.24 3.31 3.42

2001/02–2002/03 6.28 8.03 8.37

2002/03–2003/04 4.88 5.73 5.93

Average growth  3.90 4.35 4.48

As expected, because of improved survival rates, introducing the quality adjustment 
produces higher growth rates in the indices, both on average and for any given year, except 
for 1998/99 to 1999/2000. The use of ‘in-hospital and 30 days’ survival rates yields a higher 
adjustment than ‘in-hospital’ survival rates for all years except for 1998/99–1999/2000. 
Overall, using ‘in-hospital’ survival rates leads to an average annual increase in the 
estimates of output growth of 0.45 per cent compared with the unadjusted CWOI, while the 
‘in-hospital and 30 days’ measure of survival adds 0.58 per cent compared to the unadjusted 
CWOI. The increase reflects the gradual improvement in survival rate over the period under 
consideration.

6.2 Introducing health improvement into output measures

We now consider the introduction of health effects in measuring the NHS output growth. 
Health effects refer to the value added to each individual’s health as a result of a contact with 
the health system. To measure the improvement in health contributed by the NHS, we ought 
to have measures of health with and without treatment or at least pre- and post-treatment 
measures. Unfortunately, ‘before and after’ health outcomes data are not available for the 
full list of diagnosis and procedures for circulatory diseases. However, we do have available 
health status SF36 data on a small number of procedures collected by BUPA over the 
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study period. We use health outcomes data for CABG and PTCA to investigate the impact 
on output growth that might be obtained when taking into account health outcomes, as an 
illustrative example only. The latter are expected to increase the value of the output growth 
over and above the effect obtained by adjusting for survival. 

Table 8 shows before (h0
j) and after (h*

j) treatment measures of health outcomes for the two 
procedures. 

Table 8: Before and after health outcomes

Health outcome

HRG description HRG h0
j h*

j

Coronary artery bypass graft (CABG) E04 0.50 0.73

Percutaneous transluminal coronary angioplasty (PTCA) E15 0.54 0.79

Source: Castelli et al (Health Economics, Forthcoming)

These health outcomes data were attributed to elective inpatient and day case procedures. 
Before treatment health status for patients undergoing PTCA is slightly higher than that 
recorded for patients undergoing CABG; the health status after treatment is also higher for 
patients who had a PTCA procedure.

We expect the before and after health status for patients treated in an emergency setting 
to differ quite substantially from patients treated as elective and day cases. Assigning an 
appropriate measure of before and after health outcome to non-elective cases is not a 
trivial exercise. Therefore, we undertook a sensitivity analysis to investigate the impact that 
different values of before and after health status for non-elective procedures have on the 
output growth index.

We estimated the following output growth indices for these two HRGs: 

•	 CWOI

•	 CWOI with short-term survival adjustment (‘in-hospital and 30 days’ only)

•	 CWOI incorporating survival and health adjustment.

The formula of our index incorporating survival and health adjustments is:

(6.3)  

The notation of the index formula is unchanged, except for kj, which is equal to h0
j/h

*
j, where 

h0
j is a measure of patients’ health status before treatment and h*

j is a measure of patients’ 
health status after treatment. In estimating this equation it is necessary to introduce an 
arbitrary threshold for HRGs with poor survival rate. If survival rates are below the chosen 
threshold level, only the change in survival is taken into account. Not making this adjustment 
would result, as Dawson et al (2005) point out, in the index being too sensitive to changes 
in aj for activities with small or negative (ajt+1 – kj) or (ajt – kj). The threshold chosen is 90 per 
cent of survival rate.
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Table 9 shows the estimates of output change for CABG and PTCA. Both the estimates 
for CWOI incorporating survival and health adjustments use the value of before and after 
treatment health status for elective and day case procedures. 

Table 9: Cost Weighted Output Index (CWOI) simple, with survival and health 
adjustments – time series 

CWOI (%)

CWOI with ‘in-
hospital and 30 
days’ survival rate 
(%)

CWOI with survival 
and health effect 
(%)

CWOI with survival 
and health effect 
(%)

(i) (ii)

1998/99–1999/00 -0.70 -0.67 -0.46 -0.47

1999//00–2000/01 5.37 5.65 5.83 5.86

2000/01–2001/02 7.23 7.20 7.14 7.14

2001/02–2002/03 15.43 15.68 15.80 15.81

2002/03–2003/04 4.66 5.01 5.57 5.58

Average growth 6.40 6.58 6.77 6.79

The unadjusted CWOI suggests an average annual growth in output for CABG and PTCA 
of 6.4 per cent. These results demonstrate the volatility inherent in using a small sample. 
In particular, there is a large increase in the index of 15.43 per cent between 2001/02 and 
2002/03. This is driven by an increase in activity rather than a change in costs; in fact, 
activity for non-electives CABG and PTCA procedures increased respectively by about 61 
per cent and 42.1 per cent between 2001/02 and 2002/03.

On average, the introduction of survival adjustment adds 0.18 per cent to the simple CWOI. 
Survival rates for these two HRGs did not change much in the time period considered, as 
discussed in Subsection 5.2, and they are quite high. Nevertheless, the incorporation of 
survival rates into the index equation shows the extra value that is captured by this quality 
adjustor. Failure to incorporate it would have resulted in an underestimate of the value of 
output and its growth added by the NHS over the time period considered.

The figures in columns (i) and (ii) in Table 9 show estimates of CWOI adjusted for survival 
and health outcome, as estimated in our health status measures. Column (i) shows 
estimates for which we used a value for before and after health measures for non-elective 
CABG and PTCA procedures equal to half the average of the values for elective and day 
case procedures. Thus, non-electives CABG and PCTA values for h0

j and h*
j were set 

equal to 0.26 and 0.38 respectively. This choice assumes that the effect on health of either 
procedure on patients admitted to hospital as emergency cases is not affected by the choice 
of the procedure and that both sets of patients show similar severities in their conditions. It 
further assumes that the two procedures are randomly assigned to emergency cases, that 
is, they are perfect substitutes. 

However, this is not always the case. As shown in Table 8, the health status before and 
after treatment of patients who underwent a revascularisation procedure differs (albeit 
slightly) between patients treated with CABG and patients treated with PTCA. Further, the 
choice of performing a CABG procedure rather than a PTCA may well be affected by the 
patient’s medical history and risk factors. Hence, we also experiment with a separate set of 
values for before and after treatment health measures for non-electives CABG and PTCA 
patients. We used a value of health status measure equal to half the value of their respective 
electives and day cases measure. Thus, h0

j and h*
j were equal to 0.25 and 0.36 respectively 
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for CABG, and 0.27 and 0.40 for PTCA. Column (ii) of Table 9 shows the impact of these 
choices on growth estimates.

Estimates in column (ii) are slightly higher than estimates in column (i). Overall, incorporating 
health effects into the CWOI, alongside survival rate, adds between 0.37 per cent and 0.39 
per cent to the average annual increase in output growth compared with the unadjusted 
CWOI, depending on the value of before and after health effects that are assigned to non-
electives procedures. Compared to CWOI with survival adjustment only, health effects lead 
to an average annual increase in the estimates of output growth of between 0.19 (column i) 
and 0.21 (column ii) per cent.

6.3 Concluding comments

Output growth for hospital treatment of all circulatory diseases has increased over the time 
period we considered. In pure volume terms, the increase is of the order of 3.9 per cent per 
annum, but incorporation of quality data in the form of survival rates implies an increased rate 
of 4.5 per cent per annum. The ONS has estimated that the equivalent annual increase in 
outputs for the whole of the NHS (including primary care and prescribing) is about 5 per cent. 

While we have been able to estimate outputs in an analogous fashion to the ONS, we have 
been unable to replicate its methodology for inputs, as it is not infeasible to assign NHS 
inputs such as labour and capital to specific treatments with any reliability. Instead, based 
on reference costs, we have indicated that in very rough terms (using the GDP deflator) the 
costs of hospital treatment of circulatory disease have increased by 5.3 per cent per annum 
in real terms. If this estimate is correct, it would imply that the cost-effectiveness of this 
programme of care has been marginally falling over the period under scrutiny. Again, this is 
in line with ONS estimates for the whole of the NHS. 

If the NHS price deflator is used a different story emerges, which implies that output has 
grown relative to inputs measured at constant NHS prices. A very tentative conclusion is 
that the NHS has used its physical resources in this disease programme more efficiently 
to secure annual improvements in physical productivity of up to 2 per cent per annum. 
However, because of the increased prices it has paid for its inputs, the cost-effectiveness of 
this programme has declined over the study period.

Because of the lack of health outcome measurement in the NHS (other than survival data), 
we are unable to say with any confidence whether it is securing improvements in the quality 
of life after treatment. However, we have demonstrated how this might be done, using 
health status measures of before and after treatment based on SF36 data from BUPA. This 
analysis was merely illustrative for CABG and PTCA procedures only, and we had to make 
many heroic assumptions in incorporating the data into the index. However, for these two 
interventions, we found that consideration of the quality of health outcomes added about 
0.2 per cent per annum to the estimates of productivity growth. We believe that the NHS 
should give serious consideration to collecting outcome data routinely across a wide range 
of procedures.
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7. Implications for policy and future research
This report has presented an exploratory study of the feasibility and usefulness of 
developing measures of growth in outputs, costs and productivity of a single programme of 
care within the NHS: hospital treatment of circulatory diseases.

Productivity is the ratio of an aggregate measure of outputs to an aggregate measure of 
inputs for the chosen programme of care. The key methodological challenges are:

•	 choosing the appropriate measures of NHS activities

•	 adjusting those measures for the quality of care

•	 aggregating the measures into a single measure of output

•	 identifying the associated inputs in the form of a single measure of costs

•	 tracking these measures consistently over time.

We have demonstrated that it is feasible, using hospital spells as the unit of activity, to 
develop quite refined models of the output of a programme of care. The development of 
HRGs has assisted greatly in this endeavour, yielding estimates of costs as well as counts 
of activities. For programmes of care outside hospitals future challenges will include 
developing analogous measures of activity in a community and primary care setting, and 
incorporating drugs and other prescribing into the model.

We have incorporated measures of the quality of care into the models, using mortality as 
the measure of quality. This is clearly crude, but the recent improvement in survival rates in 
many procedures for circulatory disease yields quite a large improvement in estimates of 
annual rates of output growth. Output growth based on activity alone is estimated to be on 
average 3.9 per cent per annum, while incorporation of survival data increases this to 4.48 
per cent.

In our view, routine collection of measures of health outcomes by the NHS should be an 
urgent priority for numerous reasons, such as improved patient care, informing patient 
choice, surveillance of clinical performance and resource allocation. It would also permit the 
development of more secure measures of output growth, based on the health improvement 
experienced by patients as a result of NHS treatment. We have shown how this can be 
achieved using data for just two procedures collected by BUPA over the study period. This 
illustration suggests a modest additional improvement in productivity arising from improved 
health outcomes in the two procedures.

At this stage of development we also consider health outcomes to be the most important 
element of quality to incorporate into the model of NHS output. However, there is also a 
case for exploring the feasibility and usefulness of incorporating non-health aspects of NHS 
quality into the model, such as measures of the patient experience and waiting time. Other 
aspects of output that may be important in some programmes of care include the benefits of 
treatment to the patient’s carers, and the implications of NHS activities for labour productivity 
and social care expenditure.

A crucial methodological consideration concerns the weights to be applied to the separate 
NHS output activities. The diverse hospital spells that make up this programme of care do 
not confer equal patient benefits. We have followed the conventional practice in weighting 
treatments according to their estimated costs, acknowledging that this is far from ideal. 
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In principle, the weights attached to each activity should reflect the average ‘health gain’ 
of the treatment. In practice, this is rarely available. Again, routine adoption of outcome 
measurement by the NHS would address this difficulty. 

Perhaps the most problematic aspect of any attempt at measuring productivity below the 
‘whole system’ level is the apportionment of NHS inputs between different programmes of 
care. We have been forced to use NHS reference costs as the basis for input measurement, 
again acknowledging that this is a crude solution. It is questionable whether development 
of new instruments for accurate input measurement is a good use of NHS information 
resources. Rather, we feel that the requirements of productivity measures should inform the 
future refinement of reference costs. This might yield estimates of the physical resources 
used as well as costs.

Finally, this study has emphasised the measurement of productivity growth. There is also 
a need to compare the levels of productivity between different programmes. This is a more 
challenging and longer-term research agenda. However, it would yield additional benefits, 
most importantly in comparing the value for money of different programmes.

This study has demonstrated that it is feasible to develop models of productivity growth for 
programmes of NHS care. This is an important undertaking for informing resource allocation 
and purchasing decisions in the NHS. Our tentative conclusion is that, while there will 
always be uncertainty in the estimates derived, this represents an important extension of the 
work in progress at the ONS to measure whole system productivity change. We advocate 
further investigation of other programmes of care, in particular those embracing significant 
community and prescribing activities.
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Appendix 1: Literature review

A.1 Most recent contributions to the UK debate on NHS 
output and productivity measurement

In recent years there has been increased interest in measuring the value of output 
produced within non-market services, such as healthcare and education. In the UK, this 
culminated in 2005 in the publication of the report by Sir Tony Atkinson on the measurement 
of government output in the National Accounts (Atkinson, 2005). This has led to the 
establishment within the Office for National Statistics of the UK Centre for the Measurement 
of Government Activity (UKCeMGA), with the remit of making operational Sir Tony’s 
recommendations. Specifically, UKCeMGA has initiated a series of reports on measuring 
the productivity of the NHS. This has been informed by research carried out by the Centre 
for Health Economics and the National Institute for Economic and Social Research (CHE/
NIESR) and the Department of Health. This section briefly summarises progress to date.

A.1.1 Atkinson Review and its recommendations on the measurement of quality 
change in healthcare

In 2003, Sir Tony Atkinson was asked to conduct an independent review of the measurement 
of government output in the National Accounts. The terms set by the national statisticians 
(Atkinson, 2005, p 1) were:

To advance methodologies for the measurement of government output, productivity and 
associated price indices in the context of National Accounts, recognising: a) the full scope 
of government outputs; b) differences in the nature and quality of these outputs over time; 
c) the relationship between government outputs and social outcomes; d) the need for 
comparability with measures of private sector services’ output and costs; e) the existing work 
of the Office for National Statistics (ONS); and f) the appropriate measurement of inputs, 
including quality and the distinction between resource and capital, so that, together with the 
measurement of output, light can be thrown on developments in government productivity.

The review has focused on general ways of dealing with the subject, providing a 
methodological framework, and setting out the principles on which national statisticians 
should base the measurement of government output, inputs and productivity. The Atkinson 
Review refers to the latter as a ‘principled framework’ made up of nine principles. These 
principles underlie the detailed recommendations of the report. The report also considers 
four major spending functions of government – health, education, public order and safety, 
and social protection – and provides specific recommendations for each of them. For the 
purpose of this report our interest is on health only. 

Principle B of the Atkinson Review is of particular importance to us here as it states that ‘the 
output of the government sector should in principle be measured in a way that is adjusted for 
quality, taking account of the attributable incremental contribution of the service to the outcome’. 
The measurement of quality change may be achieved in three different ways (para 4.25):

•	 differentiating the services in order to form homogenous groups of categories 
– quality change can then be captured by changes in the proportion of different 
categories

•	 defining the volume measure in terms of the degree of success in achieving the 
outcome
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•	 basing the volume measure on the level of activity, with a quality adjustment that 
is ‘marked up or down’ by a percentage reflecting indicators of success and the 
contribution of the service to that success.

The Atkinson Review qualifies this further when it proposes that measuring the output 
of public services should be aggregated in a way that takes account of the benefits 
they procure to society (social valuation) rather than the costs that are incurred in their 
production. Hence, the review suggests using ‘value weights’ as opposed to ‘cost weights’ 
whenever the former are available (para 6.17 and recommendation 6.5). 

Principle C is also important for measuring the output of the healthcare sector. It emphasises 
the importance of the ‘complementarity between private and public output, hence allowing 
for increased value of public services in an economy with rising real GDP’. Translated 
into health, this means that health becomes an increasingly valuable characteristic of an 
individual in our economy. It is undeniable that ‘rising real wage rates mean that we attach 
a higher valuation to days lost through sickness absence’. The report therefore cautiously 
recommended that the financial value attached to Quality Adjusted Life Years should be 
adjusted over time, with Gravelle and Smith (2001) estimating this increase to be 1.5 per 
cent (in real terms) per year. The DH (see following subsection) decided to incorporate the 
adjustment into its preferred measure of NHS output growth. However, UKCeMGA is still in 
the process of consulting on the appropriateness of the adjustment.

Chapter 8 of the Atkinson Review sets out recommendations specifically for the government 
function of ‘health’. Atkinson’s report, firstly, acknowledges that some improvements in the 
measurement of healthcare sector output have already been made by ONS in its National 
Accounts. These improvements mainly relate to the introduction of an extended activity 
based index, weighted by cost as collected in the DH National Schedule of Reference Costs. 
However, it suggests that further improvements are needed (recommendations 8.1–8.4). 

The Atkinson Review identifies four main dimensions for understanding quality of 
healthcare:

•	 saving lives and extending life span

•	 preventing illness and mitigating its impact on quality of life

•	 speed of access to treatment

•	 quality of patient experience.

Each of these domains is analysed separately in the report. These domains of healthcare 
also informed the research undertaken by CHE/NIESR (see below). The investigation of the 
four dimensions of quality of care in the report lead to recommendation 8.5:

a) a number of dimensions of quality should be measured, with results weighted 
together by marginal social valuation: more work would be required to underpin 
these weights

b) a range of expertise should be used to develop quality measures, including 
public health medicine, epidemiology, health service management, health 
informatics and health economics

c) ONS and the health departments should assess options for collecting new 
information on health outcomes resulting from NHS treatment, with particular 
consideration to the needs ONS has for measurement of change over time, 
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rather than cross-sectional data sets which are useful to health departments for 
other purposes

d) ONS and the health departments should consider studies of changing treatment 
patterns for particular major disease groups to assess whether these could 
provide useful estimates of improved health outcomes resulting from changes in 
clinical practice

e) ONS and the health departments should explore the data set on quality 
standards in general practice, resulting from the new GP contract, to see 
whether this could be the basis for a measure of quality change

f) ONS and the health departments should consider whether, with advice from 
the NICE, it might be possible to identify treatments where marginal valuation 
and cost weights are very different, and explore the difference in output growth 
resulting from use of estimated marginal valuation instead of cost weights

g) ONS and the health departments should develop a measure of quality change 
based on speed of access to elective treatment, using the HES data set and 
taking account of non-linearity, with further developments if new measures of 
total waiting time are introduced

h) ONS and the health departments should explore whether measures of quality 
change could be developed from information sources for time taken for 
admission to hospital from accident and emergency departments, time before 
seeing a general practitioner and ambulance emergency response times

i) ONS and the health departments should explore whether measures of quality 
change over time could be based on the national patient survey programme 
which measures aspects of patient experience.

A.1.2 Developing new measures of output growth and productivity: the CHE/
NIESR approach

The CHE/NIESR team was commissioned by DH to develop new approaches to measure 
NHS output and productivity, and to attempt some empirical estimation of the most 
promising approaches to measuring productivity change subject to data availability. 

Traditionally, the DH and ONS have measured healthcare sector output by means of a Cost 
Weighted Activity Index (CWAI). This index had obvious drawbacks:

•	 it implied that costs correctly reflect the value that society places on any NHS 
activity at the margin

•	 a move towards cost saving treatments will reduce the value of output produced 
and hence not correctly reflect their true value

•	 the unit of measurement is simply ‘activities’, and fails to take into account any of 
the characteristics (quality adjustors) of the healthcare process that patients may 
and do clearly value.

The DH has in the past looked for indicators of the characteristics of healthcare that are 
important to patients. NHS patients were interviewed to identify aspects of the process of 
care to which patients are particularly interested in and hence attach value. Some of the main 
attributes, as Dawson et al (2005) report, are improvement in health state, waiting time, choice 
of date for treatment and certainty of date of treatment, food and physical environment.
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Dawson et al (2005) developed an output measure that tries to overcome some of the 
limitations of the old CWAI. First of all, their index reflects the idea that the ‘produce’ of the 
healthcare sector is not simply activities, such as diagnostic tests, outpatient visits, operative 
procedures and so on. They actually distinguish between activities, outputs and outcomes 
of the healthcare sector. Activities refer to counts and numbers of operations, diagnostic 
tests, procedures, and so on. Outputs are to be understood as a bundle of activities that are 
required by any course of treatment provided by the healthcare system. Their main focus is, 
however, on outcomes and on how to incorporate them into a new measure of NHS output 
growth. Outcomes constitute all the characteristics mentioned above that are valuable to 
individuals in their contact with the healthcare sector as patients, and therefore contribute to 
the quality of care. 

Dawson et al (2005) suggest an ideal index (Laspeyre’s form) to capture the value produced 
by the NHS. This ideal index adjusts volumes of activity to take account of changes in 
quality. In particular, it incorporates adjustments for health outcomes and life expectancy, 
and it also takes into account any possible detrimental effect caused by having to wait for 
treatment. Weights are attached to these characteristics that reflect the marginal value that 
society places on them:

(A.1) 

In this equation xj is the amount of activity (number of operations, consultations, diagnostic 
tests and so on) undertaken in period t and t+1, ajt+1(ajt) is the probability of surviving 
treatment j at time t+1 (t), and kj is equal to h0

j/h
*
j, where h0

j is a measure of patients’ health 
status before treatment and h*

j is a measure of patients’ health status after treatment. ph and 
pW are the marginal social values respectively for a quality adjusted life year (QALY) and for 
non-health outcomes such as waiting time.

The value of QALY chosen by the CHE/NIESR team is £30,000 which is believed to be in 
line with decisions made by the National Institute of Clinical Excellence. As regards the value 
of waiting time, the team used Propper’s analysis of English data, suggesting estimated 
values between £36.25 and £94.19 for a one month reduction in waiting time. The upper limit 
has been adopted in the report, corresponding to an estimate of £3.13 per day in 2002/03 
prices.

The principal problem in using the ideal index (A.1) to measure NHS output is that health 
outcome data for all NHS care are currently not available. CHE/NIESR used a limited set of 
‘before and after’ measures of health for 29 treatments (HRGs) to illustrate the construction 
of the above index. The application can be found in Dawson et al (2005) and in Castelli et al 
(Health Economics forthcoming). 

CHE/NIESR proposed an interim approach that reintroduces costs weights into the output 
measure but also adjusts the output measure to take account of changes in quality. The 
interim index (Laspeyre’s form) proposed is:

(A.2) 
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Two measures of survival rate were explored, namely ‘in-hospital’ and ‘in-hospital and 30 
days’ (hereafter 30 days) survival rates. Mortality (and hence survival) data are taken from 
the HES database and are available from 1998/99 onwards. Dawson et al (2005) believe 
that although in-hospital survival rates are directly attributable to the NHS, they are also 
likely to underestimate survival changes due to medical treatments, as a significant number 
of patients may die within a short time of being discharged. Similarly, using mortality rates 
of individuals too long after they have been discharged from the NHS, may run the risk of 
attributing to the NHS deaths that are not under its control. Dawson et al (2005) estimated 
that the 30 day mortality rates were on average 20 per cent higher than in-hospital deaths 
for the time period 1998/99 – 2003/04. In 2002/03 the correlation between ‘in-hospital’ and 
‘in-hospital and 30 days’ survival rates for all HRGs was 0.985 for elective inpatient stays 
and 0.991 for non-elective inpatient stays. CHE/NIESR expressed a slight preference for the 
’30 days’ survival rate (which they adopted in their construction of the cost-weighed output 
index), while encouraging the DH to continue refining the record linkage between HES 
records and ONS mortality records. 

The further quality adjustment introduced in the above index is the ‘health effect’. CHE/
NIESR suggest that changes in health – usually measured in Quality Adjusted Life Years 
(QALYs) (Williams, 1985) – as an effect of healthcare received by the NHS ought to be 
included in an output growth measure. The ‘ideal’ way to control for improvements in 
health is to use ‘with and without’ treatment measures of health. The change in these two 
measures would enable to capture the contribution towards an individual’s (improvement 
in) health by the NHS. These ‘with and without’ measures are not available, especially the 
‘without’ measure would be difficult, if not morally unacceptable, to observe. Hence, the 
team suggested the use of before and after treatment measures of health, which are more 
easily observable, albeit not being currently collected by the DH on a routinely basis. Some 
measures of before and after treatment health status are collected as part of clinical trial 
studies or routinely by BUPA and York Trust (limited to hip and knee replacements). As 
Castelli et al (forthcoming) state, ‘trial data tend to be based on populations different from 
those treated in practice’. Nonetheless, they show how these snapshot estimates can be 
used in an interim index to investigate their effect on the NHS Output Growth Index. Data 
were available only for 29 treatments that were mapped to HRGs (see box in Section 3 for a 
definition of HRGs) for elective and day cases only. For the rest of the elective and day case 
HRGs an estimate of k=0.8 was chosen. Non-electives were assigned a value equal to half 
the value of k.

Another characteristic of healthcare goods and services that the CHE/NIESR team 
incorporated into their output growth index is waiting time. Dawson et al (2005) suggest 
that waiting time can affect individuals in two ways. First, individuals may dislike having 
to wait to receive treatment irrespective of the detrimental effect that waiting may have on 
their health. In this case, waiting time is regarded as a separate characteristic of healthcare. 
Second, having to wait may jeopardise the health gain from treatment, as well as causing 
distress and pain to the individual. In this case, waiting may be considered as a scaling 
factor multiplying the health effect. Two different ways of discounting waiting time were 
investigated: discounting to start of wait and discounting to date of treatment with charge for 
waiting. The ‘interim’ index (A.2) introduces waiting times as a scaling factor, with waiting 
time discounted to date of treatment with a charge for waiting. The preference for this 
metric is based on the fact that ‘increased dispersion of waiting times would reduce quality 
adjusted output, whereas discounting to date placed on list implies that patients would prefer 
increased dispersion’ (Dawson et al, 2005).

Table 10 shows the resulting estimates of NHS output growth. 
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Table 10: Cost weighted output indices, with CHE/NIESR adjustments

 CWOI 
unadjusted 
(%)

CWOI with survival and 
health effect (%)

CWOI with survival, health 
effect, life expectancy and 
waiting time (%)

1998/99–1999/00 2.61 2.03 2.22 

1999/00–2000/01 2.11 2.36 2.26 

2000/01–2001/02 3.85 3.80 3.74 

2001/02–2002/03 5.07 5.87 5.78 

2002/03–2003/04 4.43 4.89 4.93 

Average growth 3.62 3.79 3.79 

Source: Authors’ elaboration of Dawson et al (2005)

The NHS input side was also investigated by the CHE/NIESR team. Labour is the most 
important input used in producing healthcare goods and services, accounting for about 75 
per cent of total hospital expenditures (Dawson et al, 2005). Main data sources for labour 
were the NHS workforce census carried out by the DH and the Labour Force Survey. The 
former was used to obtain a headcount measure of labour input, while the latter was used 
to incorporate hours worked, quality adjustments and also to adjust for agency staff. Quality 
adjustments on labour included qualifications and skills.

The data show evidence of upskilling across the whole NHS workforce, as well as a decline 
in the proportion of the workforce with no skills. Further quality adjustments were carried out 
on doctors and on training received by individuals above their certified qualifications. 

Data on intermediate input for the hospital sector were obtained from the trust financial 
returns (TFR). These were deflated by a modified version of the DH Health Services 
Cost Index to derive a volume measure. CHE/NIESR identified as intermediate input all 
‘current non-pay expenditure items in the TFR, and hence excluded all purchases of capital 
equipment and capital maintenance expenditures’. It appears that the percentage of hospital 
drugs in intermediate expenditure has been rising rapidly, from 24 per cent in 1998/99 to 34 
per cent in 2003/04.

Capital inputs used by CHE/NIESR are the same as the ones employed by ONS in its 
measure of health sector productivity.

The combination of input shares with growth in real terms allows for the calculation of total 
input growth, and subtracting this from output growth yields total factor productivity growth 
rates. Table 11 summarises these. 
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Table 11: Total factor productivity growth

 Unadjusted (%) Includes CWOI with survival, health, life 
expectancy and waiting time adjustments (%)

1998/99–1999/00 -2.33 -2.71 

1999/00–2000/01 0.55 0.69 

2000/01–2001/02 -2.12 -2.22 

2001/02–2002/03 -1.86 -1.19 

2002/03–2003/04 -2.97 -2.51 

Average growth -1.75 -1.59 

Source: Authors’ elaboration of Dawson et al (2005)

A.1.3 The Department of Health contribution to healthcare sector productivity 
measurement

In 2005 the Department of Health (DH) published the paper Healthcare Output and 
Productivity: Accounting for quality change. The paper takes on board the general principles 
and recommendations outlined in the Atkinson Review. It critically summarises key concepts 
and results from the research report commissioned by DH from CHE/NIESR and makes 
further proposals for quality adjustment, which are published in seven technical papers.

We concentrate on four of the mentioned quality adjustments, as they are of particular 
interest to this report. These are analysed at disease level, taking forward one of the 
recommendations of the Atkinson Review to explore a disease-based approach (as 
suggested by Professor D Cutler). The DH focuses on coronary heart disease (CHD). 

In March 2000 the DH published a national service framework (NSF) in which a number of 
recommendations are set out to improve treatment for CHD both for primary and secondary 
prevention and treatment. Some substantial improvements have already been highlighted 
in the 2005 progress report, including reduced adult smoking prevalence (from 28 per cent 
down to 25 per cent); lives saved from use of statins (from 2900 in 2000 to 9000 in 2004), 
shorter waits for heart surgery and angioplasty (patients waited for no more than three 
months as from April 2005), and more patients with heart attacks being given thrombolysis 
within 30 minutes of arrival in hospital (from 38 per cent in 2000 to 84 per cent in 2004).

This evidence encouraged the DH to carry out disease-based analysis on each of the 
contributors to improved health outcomes in CHD. In particular, the DH investigated four 
aspects of care, which are set out below.

•	 Effect of increased use of statins (Technical paper 2)

The analysis looked at the effect of increased use of statins ‘to control cholesterol and 
reduce risks of heart attacks, strokes and development of angina, including analysis of the 
value (in terms of added life years), based on risk factors of different groups who take statins’ 
(DH, 2005a, p 39). It was carried out using the Health Survey for England 2003, which 
contained questions and clinical measures related to CHD. The survey contains data on 
pre-existing CHD and stroke, diabetes, total cholesterol, HDL cholesterol, blood pressure, 
smoking status and, of course, age and sex. Information on these variables was used to 
produce estimates on health gains from statins used in the population. The approach used 
in Technical paper 2 makes use of evidence from clinical trials on the effectiveness of statins 
for different groups.
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The paper shows that statin therapy in 2003 added 77,000 life years, compared with 
no therapy, for the 1.9 million patients who took the drug. The marginal benefit of each 
prescription is 0.0038 life years. This translates to a value of each prescription of £115, 
assuming that the current evaluation of each life year, as suggested by NICE, is £30,000. 
The unit cost for statin is, however, only £27. Thus, using £115 as the ‘value’ weight for statin 
in the output index adds an average growth of 0.81 per cent per year to the overall NHS 
output growth index. This contribution was incorporated by the DH into their overall figure for 
NHS output growth index. 

•	 Effect of improved blood pressure control and reduced cholesterol for 
patients with CHS as shown from GP records (Technical paper 3)

The DH general aim was to develop a quality adjustment for primary medical care. As data 
are currently not available for the whole of the general practice, the DH focuses its attention 
on data currently available that relate to CHD. DH proposed using the ten ‘partial outcome 
indicators’ included in the Quality and Outcomes Framework (QOF) for payment of general 
practices (introduced in April 2004) to measure the impact of general practice on patients’ 
health. A universal time series of these payments is yet not available, hence the DH used 
data from the pre-existing QResearch database of a sample of general practices. The 
database consists of three million registered patients and information similar to the QOF 
indicators is available from 2001/02. 

The paper reports that the QResearch data show an average annual increase of 23 per cent 
in cholesterol control for patients with known CHD between January 2002 and 2004. Blood 
pressure control for CHD patients improved by 11 per cent per year, while blood pressure control 
for patients with hypertension improved by 22 per cent per year for the same time period.

The DH set out a general method to combine evidence from different partial outcome 
indicators by aggregating them according to the prevalence of the condition. Technical paper 
3 shows an average increase of 1.2 per cent per year in primary care medical services, 
which translates to an increase of 0.16 per cent per year for the two years for which data is 
available, for the overall quality adjusted NHS output growth index.

•	 Effect of improved surgical and medical management of angina (Technical 
paper 4)

This paper focuses on the NHS output produced in treating patients who suffer from angina. 
The analysis of the quality improvement induced by treatment of angina is said to overlap 
with that of statins, as the prescription of statins is very common for patients with diagnosed 
angina. The treatments usually suggested to patients with angina conditions range from beta 
blockers to revascularisation (also knows as angioplasty). In particular, revascularisation 
procedures are usually undertaken to relieve the patients from the angina symptoms, and it 
is on these procedures that this paper focuses. 

Volumes of revascularisations performed are shown to have increased rapidly in the time 
period 1998—2003, relative to CABGs. A simple cost weighted activity index would record 
a smaller increase in the value of activity produced by the NHS if patients that would 
have received CABG receive angioplasty instead. So, in order to overcome this paradox, 
this technical paper analysed the QALYs associated with the two treatments, as well as 
with medical management. Angioplasty appears to command more QALYs than CABG. 
However, CABG is a more expensive procedure, so by incorporating QALYs counted for by 
each procedure, the DH is able to show an average increase in productivity of 15 per cent. 
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The estimates produced in this paper are not incorporated in the overall estimates of quality 
adjusted NHS output growth presented by the DH (see Table 10).

•	 Effect of improved survival for patients who have been admitted to 
hospital with a myocardial infarction (Technical paper 5)

The DH uses hospital episodes data for patients admitted to hospital with myocardial 
infarction (MI), which are linked to ONS death certificates up to five years later (from any 
cause). The idea is to calculate the duration of time between when patients are admitted/
treated for a particular condition and the time of their death, and how this has changed over 
time. The methodology adopted in the paper is a replication of the one developed in Cutler et 
al (2001) on pricing heart attack treatments. The linkage of the two datasets allowed the DH 
to produce mortality rates (adjusted for age and sex) on the day of admission, within 90 days 
of admission, and one, two, three and four years after admission.

Trends in mortality rates on the day of admission fell steadily from 4.1 per cent in 1998/99 to 
2.7 per cent in 2002/03. Similar trends appear also for the rest of the mortality data for each 
age band and each length of survival. It remains to interpret and to correctly attribute the 
improvements in MI survival rate to the NHS. Technical paper 1 states that in ‘interpreting the 
data… the clinical threshold for defining a case as MI, and/or the chance that such a patient 
will be admitted to hospital, may have changed’ (DH 2005a, p 45). In particular, the paper 
stresses that patients with milder MI may start to be admitted which would have a positive 
impact on the survival rates. Regarding attribution of the improvements to the NHS, the paper 
states that there is a chance that the improvement in MI survival rates could be partly due to 
changes in the clinical definitions or thresholds for hospital admission. The alternative is to 
attribute the better survival rates to changes in clinical practice as promoted by the DH NSF 
on coronary heart diseases, such as use of thrombolytic ‘clot busting’ drugs, rapid ambulance 
response, lifestyle advice on smoking cessation and diet, and so on, leading one to conclude 
that ‘primary and secondary care both play a part in increasing survival after a first heart 
attack’. The survival benefit was introduced in the CWOI for MI acute admissions. The overall 
impact on the CWOI is small, adding only 0.01 per cent per year.

Overall, DH research on CHD shows that quality of care for patients with CHD has 
improved over time. It recognises that other factors may have played a role, but considers 
it ‘reasonable to attribute much of the improvement to the NHS’ (DH, 2005a). Table 12 
summarises the total effect of the further quality adjustment proposed and analysed by the 
DH to the quality adjusted NHS output growth index as put forward by CHE/NIESR.
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Table 12: Quality adjusted overall NHS output growth index

Data series Additional 
information used  Average annual 

growth rate (%)  Change since 
line above (%)

Unadjusted output index 3.62 

York/NIESR recommendations +0.17

DH proposals:

Value weights for statins +0.81 

Improved blood pressure control* +0.05 

Heart attack survival +0.01 

Patient experience* +0.07 

Annual increase in value of health +1.5 

Total DH effect** 2.51 

Overall quality adjustment 6.29 2.68 

* Results from the two most recent years are averaged over five years.

** The total is greater than the sum of individual adjustments because of cumulative effects.

A.1.4 ONS work on measuring public service productivity on health

ONS has established UKCeMGA to synthesise evidence on productivity growth and 
to develop a new methodology in line with the Atkinson Review recommendations. Of 
particular interest to us are the papers on health productivity measures (UKCeMGA, 2006; 
Lee, 2004). The 2006 paper presents various estimates of changes in productivity in public 
expenditure on health. In particular, it starts by using output measures as included in the 
current National Accounts. However, recognising that this estimate does not allow for quality 
changes, and taking on board the recommendations outlined in the Atkinson Review, the 
article presents additional estimates that overcome this drawback. Hence, ONS introduces 
and proposes a new methodology that allows for quality change. 

The methodology which incorporates quality adjustment in the ONS productivity measure 
draws substantially on work described above. The paper critically appraises the work 
undertaken by CHE/NIESR and by the DH, as well as replicating their estimates.

The first set of estimates on NHS productivity presented in the UKCeMGA paper (2006) is 
based on current National Accounts estimates of output as in The Blue Book 2005 (Office 
for National Statistics, 2005). The National Accounts estimate NHS output growth by means 
of the conventional CWAI. Each treatment activity within the NHS is weighted by the unit 
cost associated with its production. Changes in the volume of NHS activities are registered 
and adjusted according to the relative weight given to them. This measure produces an 
average NHS output growth of 3.2 per cent per year for the period from 1995 to 2004, while 
the corresponding estimates of NHS inputs have increased on average between 3.9 and 4.6 
per cent per year. Consequently, NHS productivity is estimated to have fallen by an average 
of between 0.6 and 1.3 per cent per year for the above time period.
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The paper then incorporates the recommendations of the reports described above. The ONS 
estimate of NHS output growth for the period from 1999 to 2004, including all the quality 
adjustments discussed, presents an average increase of around 5 per cent per year. The NHS 
inputs estimate shows an increase of between 4.8 and 5.5 per cent during the same period. 
This means that ONS estimates of NHS productivity growth range from between an average 
increase of 0.2 per cent per year and an average fall of 0.5 per cent per year. 

The third set of estimates produced by ONS incorporates the Atkinson Review’s principle C 
on the increasing value of health in an economy with rising GDP. This new measure of NHS 
output growth, which includes all the above quality adjustments as well as allowing for the 
increasing value of health, leads to an average growth in NHS outputs of 6.5 per cent per year 
over the time period under consideration. It implies an average estimate for NHS productivity 
growth of between 0.9 per cent per year and 1.6 per cent per year. It is worth noting that the 
Atkinson Review team advocated caution in introducing this type of adjustment, and the ‘value 
of health’ adjustment is currently the topic of an ONS consultation.

A.1.5  A diagnosis-based approach to measure output growth

Mai (2004) proposes a diagnosis-based approach to measure healthcare output, taking into 
account technological change and the introduction of innovations in existing treatments, and 
applies it to CHD. In particular, she proposes two alternative index measures of healthcare 
output which are aggregated by patient and diagnosis respectively. This constitutes the 
main novelty of her indices compared to the CWAI previously used by ONS to measure 
healthcare output. Both indices still use cost shares to weight together volumes of output.

The two new measures need more complex data rather than just counts of activity. The cost 
weighted patient index (CWPI) uses as the volume measure the number of patients treated 
using a particular treatment. The rationale for using this unit as the basis for the index is 
that a patient may, when undergoing a particular course of treatment, undergo a number of 
different activities. Hence, in the CWPI the weights will reflect the average cost share of not 
just a single activity, but the total average cost of the treatments the patient received. 

The basis for the cost weighted disease index (CWDI) recognises that a number of treatments 
may be used in a particular disease. For this index counts of patient numbers undergoing a 
particular treatment cannot be used as the volume measure as it would fail to adjust for the 
substitution of treatment that may well be observed over time. In the long term, it is highly likely 
that the substitution of treatments may shift patients from a particular treatment course to 
another and counting just patients would not allow for this substitution effect. 

Mai presents and compares the above three indices. Each index uses costs to weight 
together the changes in the volumes observed over the time period considered (from 
1995/96 to 2002/03). Only the CWDI allows for quality adjustments. Elective and non-
elective cases are treated as separate treatments. The CWAI aggregates data on the 
activities that form a basis of a course of treatment, such as angioplasty (PTCA) and 
catheterisation. In the absence of substitution between treatments, this index provides a 
good measure for output growth. The CWPI assumes that different activities are linked to 
form courses of treatments. So, while catheterisation and PTCA form separate activities, 
they will necessarily be grouped together in this index, as each PTCA procedure is 
necessarily preceded by a catheterisation. This linkage between activities is taken into 
consideration by leaving the number of PTCAs and CABGs unchanged and by subtracting 
the volume of PTCAs and CABGs from the total number of catheterisation in each year. 
In this way, the patients who undergo a catheterisation, but then have neither of the other 
treatments, is imputed as the residual. The final index – the CWDI – takes account of 
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possible substitution between CABG and PTCA. Hence, the volume measures for the 
two interventions are summed together. This obviously assumes that the two treatments 
are perfect substitutes. The volume of the two interventions is then aggregated with 
catheterisation not related to PTCA/CABG to give an overall index for CHD.

Her results show that the output of treating AMI/angina grows in all measures, but that 
it grows much faster when using the disease based index (see Figure 38). According to 
Mai, this shows that over the time period considered there has been substitution from 
CABG to PTCA, that is, from a more expensive treatment to a cheaper one. In the CWAI, 
a substitution between CABG and PTCA would result in a negative growth, as the cost 
weight attached to CABG is higher than the one attached to the cheaper, albeit same in 
terms of outcome, PTCA. This result is clearly counter-intuitive as the two treatments are 
indeed substitutes in terms of their outcomes on patients’ health. The CWDI overcomes this 
drawback by assigning a common weight to both alternative interventions; hence, it implicitly 
increases the weight given to PTCA which had also seen the highest increase in its volume 
measure.

Figure 38: Trends in output indices for AMI/angina

Source: Mai (2004)

A.2  US developments and contributions to the literature on price indices

An expanding literature in the US illustrates how to obtain approximate disease specific 
measures of value for money. Although these measures are developed in the context of 
price indices for healthcare, the literature seems closely related to the problem of calculating 
output indices. 

In order to get disease specific measures of value for money, data on outcomes need to 
be available. Further, it is necessary to link disease specific treatments to patients with 
a particular condition. The American literature so far has concentrated on a number of 
diseases such as CHD, mental health, depression, schizophrenia, bipolar disorder and 
cataract surgery. Here we focus on contributions to the development of price and output 
indices for CHD only. 
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Cutler et al (2001) estimate price indexes for medical care. After illustrating currently used 
techniques and comparing them with alternative ones, they treat more formally two types 
of medical care price indexes: a service price index (SPI) and a cost of living (COL) index. 
These are then applied to heart attack treatments. The SPI simply calculates the amount of 
money required in every time period to purchase the same bundle of goods and services. 
Applied to the healthcare sector, this requires identifying a representative bundle of medical 
care goods and services and observing it through time. 

Unfortunately, the SPI does not have a utility (or value) interpretation. As Cutler et al (2001) 
point out in their paper, if the quality of a certain bundle of goods and services changes over 
time the SPI will not be able to capture this, despite the fact that a greater quality of the same 
amount of goods produces greater utility. Therefore, there is a need to develop an index 
that allows one not only to measure the value of healthcare good and services, but also to 
measure changes in the quality and hence utility of these goods and services. They call it 
the cost of living (COL) index.

The COL index is based on patients’ welfare. Consumers purchase goods and services 
so as to maximise a certain utility function. Consumers’ utility is affected directly by some 
goods and services that are beneficial per se, such as cars, computers, clothes and so on. 
Consumers receive utility from consuming healthcare goods and services as well. In this 
case, however, the utility produced is indirect in the sense that the benefits derive not from 
the consumption of healthcare goods and services but of their indirect (beneficial) effect 
on individuals’ health. Cutler et al consider a consumer affected by a series of diseases, 
indexed by d. For each of those diseases an individual receives medical care treatment 
md(t), a vector of constant-quality treatments. Any change in the quality of a treatment or 
any new developments in the medical field are registered as additions to the available set 
of treatments. To simplify, we assume a representative consumer who chooses between 
the consumption of goods and services (other than healthcare ones) and health. It is also 
assumed that each person may contract only one disease. The utility function is then:

(A.3) 

In this case, Y denotes an individual’s exogenous income, M denotes medical treatment and 
PM its price, while I represents the quantity of a constant-quality insurance policy and PI its 
price. L is leisure time and T denotes time devoted to medical treatments. H represents the 
individual’s health state which is a function of medical treatment M, medical knowledge K 
and the environment E.

The first term of the utility function represents non-medical care consumption, the second 
represents health and the third is non-medical care time. It is also worth noting that the 
equation does not make any assumption about the way medical treatment decisions are 
taken or medical prices are set.

We know that medical care and its price changes over time, as can the medical knowledge, 
the environment and the time dedicated to medical care. Consequently, Cutler et al (2001) 
pose the question: what is the correct price index for changes between periods 0 and 1, 
assuming that the consumer optimises in each period of time?

In order to determine the correct price index for medical care treatment for two consecutives 
years, Cutler et al consider an additional amount of money C that the consumer needs 
in period 1 so as to make him or her indifferent between living in period 1 and 0. In the 
Laspeyre’s form it will require C to be the solution of the following expression
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(A.4) 

C is effectively the change in the cost of living. A positive C indicates an increase in the cost 
of living. Scaling C by the income to produce utility in period 0 attains a price index.

(A.5)

 

Using a first order difference approximation, we can differentiate (A.4) and after rearranging 
we get:

(A.6)

 

In this calculation UH is the marginal utility of health, UX is the marginal utility of non-medical 
consumption and UL is the marginal utility of leisure, assuming dC/dt = UX. The change in 
the cost of living is made up of three parts: the additional spending on medical care and 
insurance, the dollar value change in health over time and the change in the time cost of 
receiving medical care.

The first term on the right-hand side of equation (A.5) is additional spending on medical care 
and insurance services over time. Medical care spending may change over time because 
of either an increase in quantities or prices. It is only an increase in the cost of medical care 
goods and services, ceteris paribus, that will increase the cost of living. However, if the 
medical environment changes because a new disease appears, medical care expenditure 
will likely increase, but Cutler et al do not consider it as a change in the cost of living as the 
latter assumes an unchanged environment. Similarly, and because outcomes are being 
held fixed, if a treatment becomes obsolete, that is, less effective, in curing a disease and 
is replaced by a treatment (drug) that is more effective and also more expensive, the price 
index should increase as it now reflects ‘the reduced efficacy (quality deterioration) of the 
older drug’ (Cutler et al, 2001).

The second term of equation (A.5) captures the monetary value of change in health over 
time. An improvement (deterioration) can occur through the following channels: 

•	 changes in the quantity of medical care

•	 changes in knowledge

•	 changes in the environment.
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Any improvement in health will lower the cost of living, ceteris paribus. The monetary value 
of the change in health can be calculated by using the marginal rate of substitution between 
health and other goods (UH/UX) and multiplying the health change by this amount.

The last term in equation (A.5) captures the change in the time cost of receiving medical 
care. If patients’ travel time and waiting time are reduced because of the introduction of more 
efficient delivery, or if less invasive surgery reduces substantially the recovery of a patient 
then, ceteris paribus, the cost of living decreases. 

The discussion so far has concentrated on the effects that any change in the components 
of the COL index may have on the index itself for a representative consumer. If we want to 
aggregate across consumers then several methods are available even when consumers’ 
preferences differ. The most frequent approach is to weight an individual’s utility by her or his 
share in total expenditure: the share weights could be either base period, current period or 
an average of the two (Törnqvist index).

An issue that arises now is how to estimate the values of the variables in the cost of living 
equations. The alternatives presented in Berndt et al (2001) are:

•	 hedonic analysis to separate the value of services to the patient from pure price 
effects

•	 hedonic regressions based on insurance policies, in combination with 
willingness to pay techniques (for example, Pauly, 1999)

•	 to make specific assumptions on the way in which medical treatment decisions 
are made, for example, Cockburn and Anis (2001) for prescription drugs

•	 a more direct measurement method that focuses on a particular disease and 
estimates empirically the changes in treatment costs and medical outcomes for 
that disease.

The latter method is the one used by Cutler et al (2001) in their application to heart attack.

Cutler et al (2001) explore a disease-based approach for their COL index for heart attacks. 
In particular, they need to measure and price health improvements after a heart attack has 
occurred. They use an outcome adjusted index that takes into account changes in treatment 
and medical practice. The index also incorporates improvements in the length of life after a 
heart attack and the extension of life expectancy due to new treatments. Cutler et al (2001) 
introduce quality changes via mortality data, although they do explore the use of QALYs as 
the outcome measure. 

Their results show ‘substantial reductions in the cost of living for people with a heart attack’ 
(p 342). Quality of life after a heart attack has improved (or in the worse scenario, has 
remained the same). Thus, this shows a declining quality adjusted COL index for the time 
period considered. These results contrast with that of a SPI, which shows increases in the 
range between 1.5 and 3.5 per cent annually. 
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Appendix 2: Technical appendix
OECD age-standardisation (directly) uses the total OECD population for 1980 as the 
reference population (see Table 13).

Table 13: Age structure of the population (1980) as used by OECD

Age (years) Population

0 1.62

1-4 6.32

5-9 8.09

10-14 8.30

15-19 8.56

20-24 8.20

25-29 7.81

30-34 7.63

35-39 6.31

40-44 5.83

45-49 5.56

50-54 5.46

55-59 5.08

60-64 3.89

65-69 3.88

70-74 3.18

75-79 2.26

80-84 1.23

85+ 0.77

Source: OECD (2006)

Unit costs have been deflated by using the GDP deflator and the NHS Pay and Prices Index. 
Both have been recalculated with base year 1998/99 (see Table 14).

Table 14: Deflators used in the report, base year 1998/99

Year GDP deflator NHS Pay and Prices Index

1998/99 (=base) 100.00 100.00

1999/00 101.97 104.62

2000/01 103.30 109.23

2001/02 105.86 114.62

2002/03 109.22 119.23

2003/04 112.11 126.15

Source: Office of Health Economics (2003) and GDP deflator (available at 
www.hm-treasury.gov.uk/Economic_Data_and_Tools/GDP_Deflators/data_gdp_index.cfm)
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Other formulae for CWOI indices with quality adjustors that the CHE/NIESR team developed 
and proposed are:

Life expectancy

(A.7)

 

Waiting times

Discount to date of treatment with charge for waiting

(A.8)

 

Discount to date placed on list

(A.9)

 


