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Summary of objectives 
 
The aim of producing this report was to bring together the results of studies completed 
by NCHOD about the most robust methods for calculating for acute myocardial 
infarction (AMI): 

• Case-fatality rates (CFR). 
• Population-based mortality measures. 
• Incidence measures. 

  
Abstract 

 
Case fatality rate 

 
It is proposed that to calculate a ‘basic’ CFR for AMI the following should be noted: 
• For the number of admissions to be used as denominator: 

- continuous in-patient spell to be counting unit 
- only emergency admissions to be included 
- diagnostic code to be used I21 in ICD 10 
- diagnostic code to be included if appearing as principal diagnosis. 

• For the number of deaths to be used as numerator: 
            -    source of data to be death certification  

- all causes of death to be included not just AMI either as underlying cause 
or mention anywhere on the certificate 

- location of death to be anywhere not solely hospital  
- time interval from admission to death to be 30 days. 

• For comparative review CFRs should be age standardised and presented 
separately for each sex. 

• Given current admission rates to a hospital of typical size, annual information 
will only detect differences between hospitals for a relative risk of 1.5. 
Information will probably need to be calculated for three-year periods to provide 
useful comparisons. 

 
The most clinically relevant way of compiling CFRs for comparative hospital 
performance is probably to start with the basic CFR and then exclude: 
• admissions misdiagnosed as AMI 
• deaths occurring on day 0.  

 
Whilst gaining understanding, it is useful to compare CFRs calculated as: 
• basic CFR 
• basic CFR less misdiagnosed admissions 
• basic CFR less misdiagnosed admissions and deaths occurring on day 0. 



Population based mortality 
 
It is proposed that to calculate a ‘basic’ population-based mortality rate for AMI the 
following should be noted: 
• ICD codes to be used I21 and I22 in ICD 10. 
• As there were few deaths for which AMI was not the underlying cause, diagnosis 

could be either underlying cause or mention anywhere on the certificate. 
However, a calculation using AMI as underlying cause is to be preferred. 

• Rates should be age standardised and presented separately for each sex. 
 
The preferred way of presenting population-based mortality rates is to show deaths in 
hospital and outside hospitals separately.  
 
Incidence measures 
 
It is proposed that to calculate a ‘basic’ admission-based incidence rate for AMI the 
following should be noted: 
• Multiple admissions in the year account for only a small proportion of total 

admissions so person-based data add little extra information. 
• Rates should be age standardised and presented separately for each sex. 

 
It should be noted that hospital admissions and the deaths outside hospital contributed 
most to the overall incidence of AMI.  
 
The preferred way of calculating incidence is thus to: 
• include hospital admissions and deaths outside hospital 
• exclude admissions occurring within 30 days of a previous admission, as these 
     are commonly attributed to being associated with the initial admission. 
 

Conclusion 
 
These studies using linked HES/mortality data show the difficulties of calculating 
AMI outcome indicators and interpreting what the comparative information derived 
from them means. From these studies it is clear that to compare hospital performance 
using a single indicator of AMI case fatality rates will be unhelpful and, in many 
cases, misleading. 
 
These studies have not addressed the important issue of the use of troponins as a 
diagnostic test. This change, which is being implemented in an increasing number of 
hospitals, is also having major effects on the interpretation of comparative 
information about acute myocardial infarction.  
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Summary of objectives 
 
The aim of the study was to advise on the specification of indicators for condition-
specific admissions when there are continuous in-patient spells (CIPS) with multiple 
finished consultant episodes (FCE). Five diagnoses were used as exemplars: 
• acute myocardial infarction (AMI) 
• asthma 
• diabetes mellitus 
• fractured neck of femur 
• stroke. 

 
Abstract 
 
The basic unit of analysis for counting the number of condition-specific admissions 
should be the CIPS as it: 
• is a more clinically relevant measure than FCEs 
• obviates having to handle transfers between FCEs in an analysis. 
 

The majority of CIPS for all the diagnoses studied had one FCE and this varied by 
diagnosis from 62% of emergency admissions for stroke to 99% of elective 
admissions for asthma. 
 
Emergency and elective admissions should be analysed separately.  
 
In analyses of condition-specific admissions a decision has to be made about 
including: 
• All admissions with the diagnosis coded anywhere on the record (regardless of 

which FCE or position in the FCE). 
• Only admissions in which the diagnosis is coded as the main diagnosis on: 

- last or only FCE in the CIPS ( standard practice) 
- first or only FCE in the CIPS. 

 
It is rare for a diagnosis to be only recorded as the main one in a FCE that is not the 
first or last in a CIPS. The range was from <0.1% of emergency admissions for 
asthma to 6% of elective admissions for AMI. 
 
Using the standard practice, of defining the main diagnosis in a CIPS as the main one 
in the last FCE, identifies the great majority of the CIPS that have at least one FCE 
with the diagnosis recorded as the main one. The range was from 89% of emergency 
admissions for fractured neck of femur to 99.6% of elective admissions for diabetes. 
 



If the main diagnosis for a CIPS was to be defined as the main one in the first FCE, 
the great majority of CIPS that have at least one FCE with the diagnosis recorded as 
the main one would be identified. The range was from 72% of elective admissions for 
AMI to 99.6% of elective admissions for diabetes.    

     
If the main diagnosis of the last FCE is used instead of that from the first FCE: 
• Admissions for which there was little difference were: 

- stroke emergency 
- asthma emergency 
- asthma elective 
- diabetes elective. 

• Admissions that had fewer CIPS included were: 
            -    fractured neck of femur emergency. 
• Conditions that had more CIPS included were: 

- AMI emergency 
- diabetes emergency 
- fractured neck of femur elective 
- stroke elective 
- AMI elective. 
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Summary of objectives 

 
The aim of this study was to advise on the specification of indicators for operative 
procedures when there are multiple FCEs with multiple operations in the FCEs. 
Operations to be studied were: 
• Coronary artery bypass graphing (CABG) 
• Cholecystectomy 
• Hip replacement 
• Cataract 
• Appendicectomy. 

 
Abstract 
 
The basic unit of analysis for counting the number of operative procedures should be 
the continuous in-patient spell (CIPS) as they: 
• are a more clinically relevant measure than FCEs 
• obviate having to handle transfers between FCEs in an analysis. 
 

The majority of CIPS for the operations studied had only one FCE and this varied by 
procedure from 76% for CABG to 99.8% for cataract 
 
To be included in an analysis, a continuous in-patient spell (CIPS) must have at least 
one FCE with at least one relevant operation code. 
 
Analysts must ensure that the same operation codes have not been recorded in two 
FCEs in a CIPS. A CIPS may have more than one FCE containing relevant operation 
codes. However, this is not an important issue as for the five operations studied over 
99.8% of CIPS had only one FCE with relevant codes.  
 
Analysts must ensure that an operation has only been counted once: 
• A FCE may have more than one relevant operation code and they may be in any 

of the four coding positions. 
•  For operations such CABG and cataract, multiple codes may be needed to 

describe them: 
- 31% of  CABG CIPS had one, 66% two and 3% three or four relevant 

codes. 
- 10% of cataract CIPS had one, 90% two and less than 1% three or four 

relevant codes. 
 
 
 



Analysts must decide with the assistance of clinicians, when two or more operations 
have been recorded, which CIPS to include in a count of procedures  
• Operations such as appendicectomy and cholecystectomy may be carried out on 

the same day as secondary procedures to a more major operation: 
- In 9 % of appendicectomy CIPS the operation code was not in the main 

position and a review of the codes that were in this position showed them 
to be for more important operations. 

- In 6% of cholecystectomy CIPS the operation code was not in the main 
position and a review of the codes that were in this position showed them 
to be for more important operations. 

• When analysing the outcomes of appendicectomy and cholecystectomy it may be 
appropriate to exclude the cases which are secondary to a more major operation. 

• In 6% of CABG CIPS the operation code was not in the main position and a 
review of codes showed that of these 2823 CIPS: 

- 86% had a main operation code of plastic repair of mitral or aortic valve, 
in nearly all cases recorded as occurring on the same day as the CABG. 

- 14% had a main operation code of contrast radiology of heart, in nearly 
all cases  on a day before the CABG.  

• In the case of CABGs it is probably appropriate to include the CIPS in which the 
plastic repairs and contrast radiology were recorded as main procedures. 
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Summary of objectives 
 
NCHOD was commissioned to develop screening measures for comparing the 
performance of the medical specialties. A previous report addressed case fatality 
measures. This study relates to an approach to develop measures of admission and re-
admission. 
 
Abstract 
  
Traditional re-admission measures are not a clinically useful measure of the quality of 
care given in an index admission for chronic medical conditions and should not be 
used to compare performance between hospitals. 
 
Indicators relating to the number of admissions per person and the time for which 
people were admitted over a period of time such as a year are relevant and could be 
used to assess the overall performance of a health economy. The responsibility for 
admission or for keeping a patient out of hospital lies with the commissioners of the 
whole patient pathway. 
 
Analyses have been done for six diagnoses for three of the measures being 
investigated: 
• Spell-based admission rates per 100,000 resident population for each local 

authority 
• Person-based admission rates per 100,000 resident population for each local 

authority over a four year period 
• Ratio of number of spells over a four year period per person. 
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Summary of objectives 
 
The aims of the study were for selected diseases and operations, to determine whether 
outcomes, measured as case-fatality rates after admission, are influenced by socio-
economic status. 
 
Abstract 
 
The project was organised into the following stages: 

• Choice of a deprivation measure 
• Creation of a linked file of national Hospital Episode Statistics (HES) for 

England, including linkage to ONS mortality data; and linkage of the 
deprivation score to each HES record. 

• Calculation of case-fatality rates for people in each socio-economic group and 
comparisons between the groups. 

• Assessment of pilot results and proposals for further investigation into the 
effect of socio-economic status on access to and outcomes of hospital care.  

 
We used the Index of Multiple Deprivation 2000 (IMD 2000). This is the measure of 
deprivation constructed by Mike Noble and his team at Oxford University and it is the 
measure now favoured by Government departments and used by the DETR. These are 
ward-based indices. 
 
Using the postcodes on each HES record, we linked the IMD 2000 scores at ward 
level to each individual record on the linked HES-ONS file (technical details available 
on request).  
 
Age-standardised case-fatality rates were calculated for each condition, comparing 
patients grouped into quintiles of their IMD scores.  
 
The conclusions showed that for the diseases and operations studied, there was 
surprisingly little difference in case-fatality rates between the different deprivation 
groups. 
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Summary of objectives 
 
The aims of the study were for selected diseases and operations, to determine whether 
admission rates are influenced by socio-economic status. 
 
Abstract 
 
The project was organised into the following stages: 

• Choice of a deprivation measure 
• Creation of a linked file of national Hospital Episode Statistics (HES) for 

England, including linkage to ONS mortality data; and linkage of the 
deprivation score to each HES record. 

• Calculation of hospital admission rates for each local authority for selected 
diseases; and assessment of whether variation between authorities’ admission 
rates is associated with their populations’ socio-economic status. 

• Assessment of pilot results and proposals for further investigation into the 
effect of socio-economic status on access to and outcomes of hospital care.  

 
We used the Index of Multiple Deprivation 2000 (IMD 2000). This is the measure of 
deprivation constructed by Mike Noble and his team at Oxford University and it is the 
measure now favoured by Government departments and used by the DETR. These are 
ward-based indices. 
 
Using the postcodes on each HES record, we linked the IMD 2000 scores at ward 
level to each individual record on the linked HES-ONS file (technical details available 
on request).  
 
Age-standardised admission rates were calculated for each condition for each local 
authority area. The rates for each LA were compared with the area’s IMD 2000 score. 
 
The conclusions showed that most but not all diseases showed positive associations 
between admission rates and deprivation, i.e. higher admission rates with increasing 
deprivation.  The strength of association varied considerably from disease to disease. 
 
Age-standardised case-fatality rates were calculated for each condition, comparing 
patients grouped into quintiles of their IMD scores.  
 
The conclusions showed that for the diseases and operations studied, there was 
surprisingly little difference in case-fatality rates between the different deprivation 
groups. 
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Summary of objectives 

 
The aim of producing this user guide was to summarise the results of the case fatality 
rate methodological studies carried out by the Oxford University part of the National 
Centre for Health Outcomes Development from 2001-2004. 
 
The main objective of this work has been to identify indicators that could be useful in 
comparing hospital performance. Some work has also been done on comparing 
performance over time.   
 
Abstract 
 
The report contains detailed recommendations about how to specify case fatality rates 
for 
• individual conditions or diseases  
• individual operations 
• sub-sets of the activities of clinical specialties 
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Summary of objectives 
 
The aim of producing this user guide was to summarise the results of the emergency 
re-admission rate methodological studies carried out by the Oxford University part of 
the National Centre for Health Outcomes Development from 2001-2004. 
 
The main objective of this work has been to identify indicators that could be useful in 
comparing hospital performance. Some work has also been done on comparing 
performance over time.   
 
Abstract 
 
The report contains detailed recommendations about how to specify emergency re-
admission rates for 
• individual conditions or diseases  
• individual operations 
• sub-sets of the activities of clinical specialties 
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Summary of objectives 
 
This report, commissioned by the Department of Health, reviews the methods to be 
considered in linking and matching hospital episode spells and ONS mortality data. 
 
Abstract 

Record linkage is simply the bringing together of information from two different 
records that are believed to belong to the same person.  The records may come from a 
single data file or from multiple data files. They may relate to persons or to families.  
Where the two records agree on all the variables, and are unlikely to have done so by 
accident, the level of assurance that the link is correct will be high. Conversely, if 
most of the variables disagree there will be little doubt that the linkage is wrong.  For 
intermediate situations the record matching methodology must predict whether the 
link is true or false or indeterminate. 

The introduction of errors and variation in a dataset is unavoidable during the 
transcription and keying of such data items as names, addresses and dates. This makes 
the task of record linkage far more difficult since it is not possible to be absolutely 
sure whether two matching records have identical values on the selected variables 
purely by chance or that the two records genuinely correspond to the same person.   

The data files may have been generated through administrative procedures or from 
surveys or censuses.  A file may represent an entire defined population or only a 
sample from a defined population.  The files may have the same or different time 
references.  In many record systems, input files may contain duplicates, and by 
making linkages both within and between files these duplicates may be removed, also, 
missing data items may be copied from one record to another. 

Automatic record matching and linkage using computer methodology involves 
striking a balance between the efficiency of the process and the quality of the matched 
file. While the technology is becoming more powerful and less expensive, 
enhancements of the mechanics of file organisation and record matching will reduce 
the time spent in file processing as well as providing an improvement in overall 
performance and match rate. 
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Summary of objectives 
 
The aim of this study was to review the literature about the use of hospital admission 
rates as health outcome indicators.  
 
Abstract 
 
The calculation of admission rates may require the linking of data on hospital 
episodes for the same patient occurring within a specified time period. The main 
issues relating to this are: 

• methodology used to link hospital episode data 
• whether admission rates are person-based or episode-based 
• definition of admission in terms of type of hospital admission and 

diagnostic specificity 
• use of finished consultant episode or continuous in-patient spell  
• risk adjustment for factors such as age, sex or case-mix 
• accuracy and completeness of data required for derivation of the indicator, 

particularly diagnosis and procedure recording and coding. 
 
The usefulness of a health outcome indicator will depend on: 

• attributability of the outcome measured to the quality of health care 
• reliability of the indicator 
• sensitivity of the indicator to changes in the quality of health care. 

 
Key issues relating to the interpretation of admission data are: 

• statistical power, relating to the adequacy of the number of events and size 
of the population denominators to show significant variations 

• extent to which performance can be quantified by benchmarks 
• creation of perverse incentives and games playing.  
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Summary of objectives 
 
The aim of this study was to review the literature about the use of hospital re-
admission rates as health outcome indicators.  
 
Abstract 
 
Unforeseen re-admissions may be a consequence of the natural course of the patient’s 
disease or may result from sub-optimal care during the first admission. Because of the 
possible link between unplanned re-admission and sub-optimal quality of care, 
variation in quality of care, either over time or between hospitals, might result in 
variation in re-admission rates. 
 
The calculation of re-admission rates requires the linking of two hospital episodes that 
meet specified criteria occurring within a specified time period. The main issues 
relating to this are: 
• methodology used to link hospital episodes and the completeness of matching 
• definition of index admission in terms of diagnostic specificity 
• definition of a re-admission in terms of type of admission (emergency and/or 

elective) and diagnostic specificity 
• time period chosen within which events must occur 
• risk adjustment for factors such as age, sex or case-mix 
• accuracy and completeness of data required for derivation of the indicator, 

particularly diagnosis and procedure recording and coding. 
 
The usefulness of an outcome indicator will depend on: 
• attributability of the outcome measured to the quality of health care 
• reliability of the indicator 
• sensitivity of the indicator to changes or variation in the quality of health care. 

 
Key issues relating to the interpretation of re-admission information are: 
• statistical power, relating to the adequacy of the number of events and size of 

the population denominators to show significant variations 
• extent to which expectations of performance can be quantified by defining 

benchmarks 
• creation of perverse incentives and games playing.  
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Summary of objectives 
 
The aim of this study was to review the literature about the use of mortality rates as 
health outcome indicators.  
 
Abstract 
 
The main issues relating to the calculation of mortality rates are: 

• diagnostic specificity 
• risk adjustment for factors such as age, sex or case-mix 
• accuracy of death certification. 
• whether rates are based on the underlying cause of death or cause 

mentioned anywhere on the death certificate 
 
The usefulness of a health outcome indicator will depend on: 

• attributability of the outcome measured to the quality of health care 
• reliability of the indicator 
• sensitivity of the indicator to changes or variation in the quality of health 

care. 
 
Key issues relating to the interpretation of mortality rates are: 

• statistical power, relating to the adequacy of the number of events and size 
of the population denominators to show significant variations 

• extent to which expectations of performance can be quantified by defining 
benchmarks. 
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Summary of objectives 
 
The aim of this study was to review the literature about the use of case fatality rates as 
health outcome indicators.  
 
Abstract 
 
Death during or soon after an in-patient spell may be a consequence of the natural 
course of the patient’s disease or may result from sub-optimal in-patient care. Because 
of the possible link between mortality and sub-optimal quality of care, variation in 
quality of care, either over time or between hospitals, might result in variation in case 
fatality rates. 
 
The calculation of case fatality rates requires the linking of hospital episode data with 
that on mortality occurring within a specified time period. The main issues relating to 
this are: 

• methodology used to link mortality with hospital episode data 
• definition of case fatality in terms of type of hospital admission and 

diagnostic specificity 
• time period chosen within which hospital episode and death must occur 

and whether all deaths or only deaths in hospital are included 
• risk adjustment for factors such as age, sex or case-mix 
• accuracy and completeness of data required for derivation of the indicator, 

particularly diagnosis and procedure recording and coding, and death 
certification. 

 
The usefulness of an outcome indicator will depend on: 

• attributability of the outcome measured to the quality of health care 
• reliability of the indicator 
• sensitivity of the indicator to changes or variation in the quality of health 

care. 
 

Key issues relating to the interpretation of case fatality data are: 
• statistical power, relating to the adequacy of the number of events and size 

of the population denominators to show significant variations 
• extent to which expectations of performance can be quantified by defining 

benchmarks 
• creation of perverse incentives and games playing.  

 
 


