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Abstract
Introduction The present paper describes the methods of data
collection and validation employed in the Intensive Care National
Audit & Research Centre Case Mix Programme (CMP), a
national comparative audit of outcome for adult, critical care
admissions. The paper also describes the case mix, outcome
and activity of the admissions in the Case Mix Programme
Database (CMPD).
Methods The CMP collects data on consecutive admissions to
adult, general critical care units in England, Wales and Northern
Ireland. Explicit steps are taken to ensure the accuracy of the
data, including use of a dataset specification, of initial and
refresher training courses, and of local and central validation of
submitted data for incomplete, illogical and inconsistent values.
Criteria for evaluating clinical databases developed by the
Directory of Clinical Databases were applied to the CMPD. The
case mix, outcome and activity for all admissions were briefly
summarised.

Results The mean quality level achieved by the CMPD for the
10 Directory of Clinical Databases criteria was 3.4 (on a scale
of 1 = worst to 4 = best). The CMPD contained validated data
on 129,647 admissions to 128 units. The median age was 63
years, and 59% were male. The mean Acute Physiology and
Chronic Health Evaluation II score was 16.5. Mortality was
20.3% in the CMP unit and was 30.8% at ultimate discharge
from hospital. Nonsurvivors stayed longer in intensive care than
did survivors (median 2.0 days versus 1.7 days in the CMP unit)
but had a shorter total hospital length of stay (9 days versus 16
days). Results for the CMPD were comparable with results from
other published reports of UK critical care admissions.

Conclusions The CMP uses rigorous methods to ensure data
are complete, valid and reliable. The CMP scores well against
published criteria for high-quality clinical databases.

Keywords: case mix, critical care, high-quality clinical database, intensive care units, length of stay, mortality

Editor's note
This artcle was previously published in this journal as: Critical
Care 8:R99-R111, see: http://ccforum.com/content/8/2/R99

Introduction
High-quality clinical databases are of value in comparative
audit, clinical practice, in managing services and in evaluating
health technologies [1,2]. The use of inappropriate, unrepresentative or poor-quality data can, however, lead to inaccurate

conclusions. The Directory of Clinical Databases (DoCDat)
was established to inform researchers and clinicians of what
clinical databases exist and to provide an independent assessment of their scope and quality [3]. This information is
provided through a website [4]. An expert group was convened to develop a quality assessment instrument for clinical
databases. The resulting instrument (Fig. 1) consists of 10
items, four relating to coverage and six relating to reliability and
validity of the data. Each item is rated on a scale of 1 to 4, with

APACHE = Acute Physiology and Chronic Health Evaluation; CMP = Case Mix Programme; CMPD = Case Mix Programme Database; DoCDat =
Directory of Clinical Databases; HDU = high dependency unit; ICM = ICNARC Coding Method; ICNARC = Intensive Care National Audit & Research
Centre; ICU = intensive care unit; MPM = Mortality Probability Model; SAPS = Simplified Acute Physiology Score.
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Figure 1

Level 1 Level 2 Level 3 Level 4
A.Extent to which the
eligible population is
representative of the
country

No evidence or
unlikely to be
representative

Some evidence
eligible
population is
representative

Good evidence
eligible
population is
representative

Total population
of country
included

B.Completeness of
recruitment of eligible
population

Few
(< 80%)
or unknown

Many
(80 – 89%)

Most
(90 – 97%)

All or almost all
(> 97%)

C.Variables included in
the database

x identifier
x admin info
x condition or
intervention

x identifier
x admin info
x condition or
intervention
x short-term
outcome or
long-term
outcome

x
x
x
x
x

identifier
admin info
condition
intervention
short-term
outcome or
long-term
outcome
x major known
confounders

x
x
x
x
x

D.Completeness of data
(percentage of variables
at least 95% complete)

Few
(< 50%)
or unknown

Some
(50 – 79%)

Most
(80 – 97%)

All or almost all
(> 97%)

E.Form in which
continuous data
(excluding dates) are
collected
(percentage collected as
raw data)

Few
(< 70%)
or unknown

Some
(70 – 89%)

Most
(90 – 97%)

All or almost all
(> 97%)
or no continuous
data collected

None
F.Use of explicit
definitions for variables

Some
(< 50%)

Most
(50 – 97%)

All or almost all
(> 97%)

G.Use of explicit rules for None
deciding how variables
are recorded

Some
(< 50%)

Most
(50 – 97%)

All or almost all
(> 97%)

H.Reliability of coding of
conditions and
interventions

Poor

Fair

Good

Outcome not
I.Independence of
observations of primary included or
independence
outcome
unknown

Observer neither
independent nor
blinded to
intervention

Independent
observer not
blinded to
intervention

Independent
observer blinded
to intervention or
not necessary as
objective
outcome (e.g.
death or lab test)

J.Extent to which data
are validated

Range or
consistency
checks

Range and
consistency
checks

Range and
consistency
checks plus
external
validation using
alternative
source

Not tested

No validation

identifier
admin info
condition
intervention
short-term
outcome
x major known
confounders
x long-term
outcome

Directory of Clinical Databases' criteria for assessing the coverage and accuracy of a clinical database (adapted from [3,4])
[3,4]).
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Level 1 representing the least rigorous methods and Level 4
representing the most rigorous. The instrument was shown to
have good face and content validity, to have no floor/ceiling
effects and to be acceptable to database custodians [3].
The Intensive Care National Audit & Research Centre (ICNARC) is an independent charity (Registered Charity Number
1039417) established in 1994. ICNARC coordinates a
national, comparative audit of patient outcomes from adult,
general critical care units in England, Wales and Northern Ireland: the Case Mix Programme (CMP) [5]. After extensive local
and central validation, data from the CMP are pooled into the
Case Mix Programme Database (CMPD). Data collection has
been underway for nearly 8 years and yet baseline statistics
from the CMPD have never been formally published. These
statistics provide a valuable resource to clinicians working in
UK critical care units and to those wishing to make international comparisons of critical care.
The objectives for this paper were to describe how the CMPD
performs against the DoCDat criteria for a high-quality clinical
database, and to describe the case mix, outcome and activity
for patients admitted to adult, general critical care units.

Materials and methods
Participation in the CMP
The CMP recruits from adult, general critical care units. Adult,
general critical care units are defined as intensive care units
(ICUs), combined ICU/high dependency units (HDUs) and
combined general care/coronary care units admitting mixed
medical/surgical patients predominantly aged older than 16
years. The Audit Commission survey of 1998 [6] found a total
of 328 ICUs or combined ICU/HDUs in England and Wales
(excluding neonatal and paediatric units) containing 2076
beds. Of these, 229 units with 1456 beds (70%) would be eligible to participate in the CMP, with the remainder representing specialist (e.g. neurological or cardiothoracic) ICUs or
units admitting either only medical or only surgical patients. In
addition, the survey found 238 stand-alone HDUs (1236
beds) offering an intermediate location between the ward and
the ICU. Participation in the CMP is entirely voluntary, although
both the Department of Health and the National Health Service Executive have recommended that all units should take
part [7,8].
Data collection, validation and reporting
CMP data are recorded prospectively and abstracted onto
standard forms by trained data collectors according to precise
rules and definitions. Abstraction is usually performed retrospectively by chart review. It is thought to take around 10–20
min to abstract the data for one admission, depending on how
much intervention the patient has received. A comprehensive
dataset specification (the ICNARC Case Mix Programme
Dataset Specification) [9] and individual data collection manuals are made available to all data collectors and software

developers. Data collectors from each unit are trained prior to
commencing data collection at a 2-day training course. One
consultant, one nurse and one audit clerk from each new unit
are initially trained to ensure a wide knowledge of the data to
be collected in the unit. Retraining of existing staff or training
of new staff is also available. Training courses are held at least
four times per year.
Precise figures on the background of data collectors are not
available. However, each unit must register one data collector
as a point of contact for ICNARC. Analysis of the job titles of
the 187 staff members for which these data are available
shows the following split: 117 (62.6%) audit staff (e.g. audit
clerk, information officer, data coordinator), 33 (17.6%) nursing staff (e.g. staff nurse, audit nurse), 23 (12.3%) clerical staff
(e.g. secretary, administrative coordinator), six (3.2%) joint
audit and clerical staff (e.g. audit and administration manager),
three (1.6%) consultant anaesthetists and five other staff
(audit clerk/nursing auxiliary, clinical effectiveness coordinator,
clinical effectiveness facilitator, ICU technician and research
assistant).
Data are collected on consecutive admissions to each participating critical care unit and are submitted to ICNARC in cycles
of 6 months. Data are validated locally according to the ICNARC Case Mix Programme Dataset Specification and
undergo extensive central validation for completeness, illogicalities and inconsistencies, with data validation reports
returned to the units for correction or confirmation. The validation process is repeated until all queries have been dealt with,
and the data are then incorporated into the CMPD.
Units receive comparative data analysis reports on each cycle
(6 months) of data, from which they can identify their own
unit's data compared with all other participating units. Clinicians and managers can also interrogate the CMPD directly by
submitting requests for analyses to ICNARC. Reports from
these ad hoc analyses are published online [10].
The ICNARC Coding Method
Information on the reason(s) for admission to the critical care
unit is recorded in the CMPD using a standard coding method,
the ICNARC Coding Method (ICM) [11]. The ICM is a fivetiered, hierarchically structured method for coding conditions
in critical care, developed specifically for the CMP. The five
tiers that form the ICM code are: the type of condition (a condition that required surgery or not), the body system, the anatomical site, the pathological/physiological process and the
condition necessitating admission. The coding for bacterial
pneumonia is shown as an example in Fig. 2.

It is frequently of interest to study patient characteristics and
the outcomes of admissions to intensive care with specific
conditions. There are two ways in which admissions with specific conditions can be identified in the CMPD. The ICM codes
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Figure 2
Type:

Surgical (condition requiring surgery)
Non-surgical

System:

Site:

Respiratory
Cardiovascular
Gastrointestinal
Neurological (including eyes)
Trauma
Poisoning
Genito-urinary
Endocrine, Metabolic, Thermoregulation and Poisoning
Haematological / Immunological
Muskuloskeletal
Dermatological
Psychiatric

Upper airway and trachea
Bronchi and airways
Pulmonary vasculature
Lungs
Pleura or mediastinum
Brain lesions causing respiratory failure
Spinal cord lesions causing respiratory failure
Peripheral nervous system disorders causing respiratory failure
Neuro-muscular junction disorders causing respiratory failure
Chest wall and diaphragm disorders causing respiratory failure

Process:

Collapse
Congenital or acquired deformity or abnormality
Haemorrhage
Infection
Oedema, inflammation, fibrosis or inhalation
Transplant or related
Trauma, perforation or rupture
Tumour or malignancy

Condition:

Bacterial pneumonia
Fungal or yeast pneumonia
Viral pneumonia
Parasitic pneumonia
Pneumonia, no organism isolated
Tuberculosis
Lung abscess

An example
Coding
Method
of the
– bacterial
Intensive pneumonia
Care National Audit & Research Centre
Coding Method – bacterial pneumonia.

may be used to identify admissions by the primary or secondary reason for admission (coded according to the ICM on information available at admission and during the first 24 hours in
the unit), or by the ultimate primary reason for admission
(coded according to the ICM on information available after the
first 24 hours, at discharge from the unit or following autopsy).
Admissions can be identified at any tier of the code; for example, all conditions affecting the gastrointestinal system or all
conditions categorised as tumour or malignancy. The second
method involves admissions being grouped by physiological
definitions; for example, the international definitions for severe
sepsis where patients have to meet the SIRS criteria based on
their values for temperature, heart rate, respiratory rate,
PaCO2 and white blood cell count [12].
Data
Data collected for the CMP take the form of patient identifiers,
demographics, case mix, outcome and activity for admissions
to each critical care unit, as defined in the following. A schematic diagram of the timing of data collection for the CMP is
S4

presented in Fig. 3. All admissions are followed-up for the
entire length of their hospital stay, both within the hospital
housing the CMP unit and to their ultimate discharge from hospital. Raw data are collected for all variables rather than categorised, derived or aggregated data or scores.

Patient identifiers
Individual admissions are identified by an admission number
and an alphanumeric unit code; individual identifiers such as
name and address (with the exception of the postcode) are not
recorded. Records are therefore reversibly anonymised and
can only be de-anonymised by the unit that submitted them. A
legal agreement is made between ICNARC and the participating units ensuring that the identity of the source of all data (of
the hospital, of the unit, of the staff and of the patient) shall
remain confidential.
Demographics
Data are collected on date of birth, gender and postcode. The
postcode allows linkage to other databases (e.g. census data
for deprivation scoring).
Case mix
Sufficient raw physiological data are collected to enable calculation of the Acute Physiology and Chronic Health Evaluation
(APACHE) II and APACHE III scores and hospital mortality
probabilities [13,14], the Simplified Acute Physiology Score
(SAPS) II and associated mortality probability [15], and the
Mortality Probability Model (MPM) II probabilities [16]. Both
the lowest and highest recorded values during the first 24
hours in the CMP unit are collected. Raw physiology data are
submitted to ICNARC and all scores and probabilities are calculated centrally using standard algorithms to avoid any bias
that may be introduced by allowing different units to use
slightly different methods of calculating scores and
probabilities.
Data are collected on the source of admission to the CMP unit
and the location immediately prior to the source of admission.
For admissions for whom either of these locations is theatre
and recovery in the hospital housing the CMP unit, data are
collected on the type of surgery using the classification of the
National Confidential Enquiry into Perioperative Deaths. Emergency surgery is defined as immediate surgery, where resuscitation is simultaneous with surgical treatment; urgent surgery
is defined as surgery as soon as possible after resuscitation;
scheduled surgery is defined as early surgery but not immediately life-saving; and elective surgery is defined as surgery at a
time to suit both patient and surgeon.

Outcome
Survival data (alive/dead) are recorded at discharge from the
CMP unit and from the hospital housing the CMP unit. For discharges directly transferred to another critical care unit (in
either the same or another hospital) or transferred to another

Available online http://ccforum.com/content/9/S3/S1

Figure 3

Hospital admission
Date

Original hospital
admission
Date

First 24 hours in ICU
Physiology data for:
APACHE II
APACHE III
SAPS II
MPM II24

ICU admission
Date/Time
Source
Past medical history
Reason for admission
MPM II0 data (first hour)

Hospital discharge
Date
Destination
Survival status

ICU discharge
Date/Time
Destination
Survival status

Ultimate hospital
discharge
Date
Survival status

Data collection timeline for the Case Mix Programme (CMP).
(CMP) Data are also collected where appropriate at original critical care unit admission (date)
and at ultimate critical care unit discharge (date, survival status), which may be before or after admission to/discharge from the hospital housing the
CMP unit. APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit; MPM, Mortality Probability Model; SAPS, Simplified
Acute Physiology Score.

hospital, survival data (alive/dead) at ultimate discharge from a
critical care unit and from hospital are also recorded.

Activity
The length of stay in the CMP unit is calculated (in fractions of
days) from the dates and times of admission to and discharge
from the CMP unit. The length of stay in hospital is calculated
(in whole days) from the dates of admission and of discharge.
For admissions directly transferred from/to another Critical
care unit (in either the same hospital or another Hospital) or
from/to another hospital, the total length of stay in a critical
care unit/hospital is also calculated in whole days.
Readmissions to the CMP unit within the same hospital stay
are identified from the postcode, date of birth and gender, and
are confirmed by the participating units.
Analyses

Performance of the CMPD against the DoCDat criteria
The CMPD was rated on a scale of 1 to 4 for each of the 10
DoCDat criteria for coverage and accuracy of a clinical
database (Fig. 1). The rating process was performed by DoCDat, independent of the authors.
Descriptive statistics
The case mix, outcome and activity were described for all
admissions recorded in the CMPD. The case mix was
described by the age at admission, by gender, by APACHE II
Acute Physiology Score and hospital mortality probability, by
surgical status and by reason for admission to the CMP unit.

The APACHE II Acute Physiology Score is constructed from
weights assigned to the most deranged values of 12 physiological variables recorded during the first 24 hours following
admission to a critical care unit [13]. The APACHE II score
additionally encompasses weights for age and for specific
conditions in the past medical history. A hospital mortality
probability is constructed from the APACHE II score together
with a diagnostic category based on the reason for admission
to the critical care unit, and from the surgical status (elective
patients versus emergency and nonsurgical patients). Surgical
admissions are defined as those whose source of admission
was theatre and recovery, or whose location immediately prior
to the source of admission was theatre and recovery if their
source of admission was recovery only, the X-ray department,
the endoscopy suite, a computed tomography scanner or similar, or Accident & Emergency. All other admissions are considered nonsurgical. Surgical admissions were further classified
by the National Confidential Enquiry into Perioperative Deaths
categories, with elective and scheduled surgery combined
into a single category, and urgent and emergency surgery also
combined.
Coefficients and diagnostic categories were taken from the
UK APACHE II model [17], which is better calibrated to UK
critical care admissions. The diagnostic categories are defined
by a body system and a precipitating factor as in the original
(US) APACHE II model [13]. However, more combinations of
the body system and the precipitating factor are given a coefficient in the UK model as the original model was limited by
small samples in some categories. Reasons for admission
S5
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Figure 4

CMPD Level
1 2 3 4
A. Representative of country

DoCDat database
Median (IQR)
3 (2 – 4)

B. Completeness of recruitment

3 (1 – 4)

C. Variables included

3 (2 – 4)

D. Completeness of variables

2 (1 – 3)

E. Collection of raw data

4 (4 – 4)

F. Explicit definitions

2 (1 – 4)

G. Explicit Rules

2.5 (1 – 4)

H. Reliability of coding

1 (1 – 4)

I. Independence of observations

4 (2 – 4)

J. Data validation

3 (3 – 4)

Performance of the Case Mix Programme Database (CMPD) against Directory of Clinical Databases (DoCDat) criteria
criteria. CMPD ratings compared
with the median (interquartile [IQR] range) from all 154 databases in DoCDat.

collected using the ICM are mapped to APACHE II diagnostic
categories for the purpose of calculating the APACHE II hospital mortality probability.
The outcome was described by mortality at critical care unit
discharge and at hospital discharge, both from the CMP unit
and ultimately. Activity was described by CMP unit and total
critical care and hospital lengths of stay.
Admissions aged younger than 16 years, staying less than 8
hours in the CMP unit or admitted for primary burns or following coronary artery bypass graft were excluded from the calculation of APACHE II scores. Also excluded were readmissions
within the same hospital stay, direct transfers in from other critical care units and admissions missing all 12 physiology variables. These patients were not excluded from any other
analyses.
All analyses were performed using the statistical package
Stata 8.0 (Stata Corporation, College Station, TX, USA).
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Results
Performance of the CMPD against the DoCDat criteria
A summary of the performance of the CMPD against the DoCDat criteria is shown in Fig. 4 with the median and interquartile
ranges from all 154 databases in DoCDat for comparison. The
mean level achieved by the CMPD across all criteria was 3.4.
The CMPD exceeded the DoCDat median for five categories
and equalled it in the other five categories. The CMPD never
performed worse than the median. Detailed scoring of each
criterion is described in the following.

Representative of country (Level 3)
At present, 180 adult, general critical care units in England,
Wales and Northern Ireland are participating in the CMP. This
includes 75% (159/213) of all National Health Service units in
England, 56% (9/16) in Wales and 73% (8/11) in Northern
Ireland (denominator values taken from the Directory of Critical Care [18]), plus four non-National Health Service units.
The median size of units in the CMP is 7 (range 3–22). This
compares with median values of 5.3 for ICUs and of 6 for
combined ICU/HDUs in the Audit Commission survey [6]. This
survey was carried out in 1998 and there has been a
considerable increase in critical care bed provision over the

Available online http://ccforum.com/content/9/S3/S1

past 5 years, so it is reasonable to conclude that the units in
the CMP are typical of the country.

Completeness of recruitment (Level 4)
Units participating in the CMP recruit consecutive admissions.

Table 1
Numbers of admissions in the Case Mix Programme Database
meeting the exclusion criteria for Acute Physiology and
Chronic Health Evaluation II (N = 129,647)
Exclusion criterion

n

%

3658

2.8

11,139

8.6

Admission for primary burns

238

0.2

Admission following coronary artery bypass grafting

1877

1.4

Variables included (Level 3)
The CMPD contains all appropriate variables except for longterm outcome (i.e. beyond ultimate hospital discharge). These
include all major known confounders in the form of raw physiology data for APACHE II/APACHE III, for SAPS II and for
MPM II.

Age at admission < 16 years

Readmission within the same hospital stay

6024

4.6

Completeness of variables (Level 3)
When examined by DoCDat, 84% of all variables in the CMPD
were found to be at least 95% complete.

Transferred in from another critical care unit

5285

4.1

Missing all 12 physiological variables

1600

1.2

27,097

20.
9

Length of stay in unit < 8 hours

Total excluded (any of the above)

Collection of raw data (Level 4)
All continuous data in the CMPD are collected as raw data.
Explicit definitions (Level 4)/explicit rules (Level 4)
The CMPD has a comprehensive dataset specification for all
variables, developed with wide consultation of appropriate
parties. The CMPD has a detailed data collection manual provided to all units. Data collection training and retraining are
provided.
Reliability of coding (Level 2)
The reliability of data collection in the CMPD is not universally
tested and, consequently, this can be considered one of the
weakest areas of the CMPD. However, the ICM has been
tested and found to have good inter-rater reliability [19] even
though coding the reason for admission is one of the most
subjective parts of data collection. Units are encouraged by
ICNARC to perform voluntary assessments of reliability for
each 6-month cycle by re-collecting a sample of admissions
randomly selected by ICNARC. Two or three such reliability
assessments are typically performed each year.
Independence of observations (Level 4)
The outcome variables in the CMPD (survival at unit and at
hospital discharge) are objective and do not require independent observation.
Data validation (Level 3)
The validation process in the CMPD includes logic, range and
consistency checks, although data are not validated against an
independent, external source.
Descriptive statistics
The CMPD at the time of analysis contained validated data for
129,647 admissions to 128 adult, general critical care units.
The numbers of admissions meeting the exclusion criteria for
APACHE II are presented in Table 1. These admissions were
excluded from the calculation of APACHE II scores and prob-

abilities only. Measures of case mix, outcome and activity are
presented in Table 2.
The median age at admission to the CMP unit was 63 years,
and 59% of admissions were male. The mean Acute Physiology Score was 12.5, and the mean APACHE II score was
16.5. Overall, 55% of admissions were nonsurgical, with 26%
admitted following elective/scheduled surgery and 19%
admitted following emergency/urgent surgery.
The overall mortality was 20.3% in the CMP unit and was
21.5% in any critical care unit. Mortality in the hospital housing
the CMP unit was 28.6%. The ultimate hospital mortality was
30.8%.
The median (interquartile range) length of stay was 1.7 (0.8–
4.4) days, 2 (1–5) days, 12 (5–25) days and 14 (7–29) days
in the CMP unit, in any critical care unit, in the hospital housing
the CMP unit and in any hospital, respectively. Survivors had
shorter critical care stays but longer hospital stays (Table 2).
The top 10 conditions reported as the primary reason for
admission to the CMP unit (from 2211 different ICM codes or
partial codes in the CMPD) are shown in Fig. 5. The most common reason for admission was surgery for aortic or iliac dissection or aneurysm (5.7% of all admissions with a primary
reason specified), although bacterial pneumonia and pneumonia with no organism isolated were the second and third most
common and, when combined, accounted for 6.3% of
admissions.
Comparison with other published sources
A number of studies have reported demographics, physiology
and outcomes of UK critical care admissions from multicentre
databases [20-25]. The results of these studies are presented
in Table 3, alongside the equivalent values from the CMPD.
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Table 2
Case mix, outcome and activity for all admissions in the Case Mix Programme Database (N = 129,647)
N*

Mean/median/n

(SD/IQR/%)

Mean (SD) age (years)

129,641

58.7

(19.8)

Median (IQR) age (years)

129,641

63

(47–73)

Gender male (n [%])

129,643

76,072

(58.7)

Mean (SD) Acute Physiology Score

102,239

12.5

(6.7)

Mean (SD) APACHE II score

102,237

16.5

(7.4)

Mean (SD) UK mortality probability

99,281

0.255

(0.222)

Median (IQR) UK mortality probability

99,281

0.181

(0.084–0.375)

Nonsurgical

71,473

(55.1)

Elective/scheduled surgery

33,649

(26.0)

Emergency/urgent surgery

24,270

(18.7)

212

(0.2)

Case mix

APACHE II†

Surgical status (n [%])

129,604

Surgery, unknown classification
Outcome‡
Mortality (n [%])
CMP unit

123,610

25,142

(20.3)

Any critical care unit

121,977

26,238

(21.5)

Hospital housing CMP unit

122,062

34,912

(28.6)

Any hospital

119,807

36,937

(30.8)

Survivors

102,826

1.7

(0.8–4.0)

Nonsurvivors

26,344

2.0

(0.7–6.1)

Survivors

99,896

2

(1–5)

Nonsurvivors

27,133

2

(1–7)

Survivors

90,704

14

(7–27)

Nonsurvivors

36,991

8

(2–19)

Survivors

85,761

16

(9–33)

Nonsurvivors

38,651

9

(3–22)

Activity
Median (IQR) length of stay (days)
CMP unit

Any critical care unit

Hospital housing CMP unit

Any hospital

APACHE, Acute Physiology and Chronic Health Evaluation; CMP, Case Mix Programme; IQR, interquartile range; SD, standard deviation. *
Number of nonmissing and nonexcluded observations. † Exclusions: aged younger than 16 years, unit stay less than 8 hours, admission for primary
burns or coronary artery bypass grafting, readmission within the same hospital stay, direct transfer in from another critical care unit, missing all 12
physiology variables. ‡ Exclusions: readmission to the CMP unit within the same hospital stay.

The same results are reported for a number of non-UK critical
care databases [14,22,26-33] in Table 4, including studies
from North & South America, Europe and Japan.

ity clinical database. The summary statistics presented for the
case mix, outcome and activity of admissions in the CMPD are
therefore representative of the country and are accurate.

Discussion

The authors would encourage any persons considering organising a similar database to pay close attention to the DoCDat
criteria and to consider carefully how to address these

The CMPD performs well against the criteria for clinical databases defined by DoCDat, and can be considered a high-qualS8
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Figure 5

Aortic or iliac dissection or aneurysm

7,406

Pneumonia, no organism isolated

4,792

Bacterial pneumonia

3,344

Large bowel tumour

2,846

Septic shock

2,501

Acute myocardial infarction

2,398

Oesophageal or gastro-oesophageal tumour

1,899

Asthma attack in new or known asthmatic

1,889

Non-traumatic large bowel perforation or rupture

1,864

Status epilepticus or uncontrolled seizures

1,809

Surgical
Non-Surgical

0.00

1.00

2.00

3.00

4.00

5.00

6.00

Percentage of all admissions
Top 10 primary reasons for admission in the Case Mix Programme Database.
Database Expressed as a percentage of the total number of admissions with a
primary reason for admission specified (N = 129,452). The numbers within each bar are the numbers of admissions.

important issues to ensure their database is representative
and accurate.
Determining scores for some elements of the DoCDat evaluation is necessarily subjective (e.g. deciding what constitutes
'good evidence' rather than 'some evidence' that the database
is representative of the population, or whether the 'major
known confounders' have been included). However, the
scores presented for the CMPD were determined by DoCDat
and not by the authors.
Particular strengths of the CMPD include its wide coverage,
making it highly representative of the population, and explicit
definitions for all variables and data collection rules. Collection
of raw data enables risk adjustment models to be derived
using standard algorithms across all units, allowing for better
comparability of risk-adjusted outcomes between units. The
main weakness identified by the DoCDat criteria is in the reliability of data collection. While there is no reason to believe
that the reliability should be poor, only small-scale reliability
studies in individual units have been carried out. The size of the
CMP makes formal assessment of reliability across the entire
programme a resource-intensive, mammoth task.

Lack of clear instruction in the timing of data collection [34]
and the definition of variables [35] have been shown to be
sources of interobserver variability in the collection of
APACHE II data. The CMP uses data collection training, the
data collection manual and a precise dataset specification to
minimise this variability. Training in data definitions has been
shown effective in improving the quality of intensive care data
[36,37].
Previous work on the inter-rater reliability of the ICM for coding
reasons to admission has shown agreement of 79% for the
specific condition and of 88% for the body system [19]. This
compares favourably with a reliability study from the US
Project IMPACT database [38], which showed agreement of
52% and 62% for the specific condition and of 71% and 69%
for the body system for reasons for admission to two critical
care units coded using the Project IMPACT coding system.
High-quality clinical databases provide the opportunity to perform studies of high generalisability on large numbers of
patients at comparatively low cost [39]. Data from multi-centre, high-quality clinical databases can be used for many
purposes, including comparative audit, aiding clinical practice,
S9
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Table 3
Summary of existing multicentre literature on case mix and outcomes for admissions to UK critical care units

Admissions

CMPD

ICS APACHE II Study
in Britain and Ireland
[20,21]

European/ North
American Severity
Study Group* [22]

North Thames
Region [23]

Scottish Intensive
Care Society Audit
Group [24]

South West
Thames Region
[25]

129,647

9155

136

12,762

10,393

16,646

Units

128

26

4

15

22

17

Mean age

58.7

56.3

57.4

57.1

58.9

61

Male (%)

58.7

60.0

61.8

-

55.4

58.8

Nonsurgical

55.1

43.2

47.8

-

51.4

59.0

Elective

26.0

21.2

24.3

-

21.3

25.1

Emergency

18.7

25.6

27.9

-

27.3

15.9

Surgical status (%)

APACHE II
Mean score

16.5

17.9

-

-

-

15

Mean probability

0.255

0.272

-

0.286

0.300

0.224

Unit

20.3

17.9

-

23.7

20.5

18.3

Hospital

28.6

27.7

32.4

32.5

29.4

26.6

Mortality (%)

APACHE, Acute Physiology and Chronic Health Evaluation; CMPD, Case Mix Programme Database; ICS, Intensive Care Society; -, not available
from published report(s). * UK admissions only selected from a multinational database

informing health-service management and evaluating health
technologies [1]. Data from the CMP are used to provide
comparative reports to each unit on a 6-monthly basis, and to
provide additional ad hoc reports on specific questions as
required by the units. In addition, these data have been used
to explore the effects of patient gender [40] and socioeconomic status (Hutchings A, personal communication, 2002),
of day and time of admission to critical care [41], of time of
discharge from critical care [42] and of end-of-life decisionmaking [43] on critical care outcomes.
The use of a detailed system to code the reason for admission
to the critical care unit enables identification of groups of
patients with specific conditions. This can be of interest not
only for common conditions, but also for rare conditions where
a meaningful sample can only be obtained using a large multicentre database [1]. When reporting the prevalence of
different conditions in the CMPD (Fig. 5), it is important to
consider potential sources of variability. These may include
over-representation or under-representation of units admitting
certain types of patients in the CMP, and the level of detail to
which certain conditions are defined in the coding method
(e.g. aortic aneurysm surgery would not be the most common
reason for admission if the conditions of bacterial pneumonia
and pneumonia with no organism isolated were considered a
single category).
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The results from the CMPD are consistent with the results
reported from other multicentre databases of UK critical care
admissions (Table 3). They are based on more than twice the
number of admissions of the other studies combined, and
cover a much wider geographical region than any other single
database.
Hospital mortality following admission to intensive care varies
widely in different countries (range 16–34%; Table 4). This is
in contrast to the results from UK databases that were fairly
consistent (range 27–33%; Table 3). The hospital mortality in
the CMPD lies towards the top end of that observed internationally, with only the studies from Portugal [32] and Brazil [27]
reporting higher rates. Methods of case mix (risk) adjustment
also varied considerably among the international studies, with
only two studies reporting APACHE II hospital mortality
probabilities [29,32]. Most other studies reported either
APACHE III score or SAPS II probabilities, while the two studies that did not had an emphasis on re-estimating the mortality
equation of an established model in a new population [26] or
evaluating the discrimination and calibration of several models
[22]. While we have concentrated on the APACHE II model in
this paper, as it was the most widely used in the large UK studies, it is important that the CMPD contains sufficient data to be
able to calculate a number of different models to facilitate
comparison with other studies.
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Table 4
Summary of existing international multicentre literature on case mix and outcomes for admissions to critical care units

Admissions
Units

Project IMPACT (US)
[26]

APACHE III (US)
[14]

Brazil APACHE III
Study [27]

ENASSG (US/Europe)
[22]

EURICUS-I
(Europe) [28]

40,435

17,440

1734

14,745

10,027

55

42

10

137

89

Mean age

59.9

59

52

57.2

59.3

Male (%)

54.3

44.8

62

59.6

-

Nonsurgical

64.1

57.7

64.2

48.4

55.9

Elective

22.5

33.3

22.7

31.2

24.3

Emergency

13.4

9.0

13.1

19.6

19.8

SAPS II

APACHE III

APACHE III

All

SAPS II

-

0.165*

0.204

-

0.223

-

-

29

-

13.9

18.2

16.5

34

21.8

20.0

NICE (Netherlands) [29]

ASDI (Austria) [30]

PAEEC (Spain) [31]

PSSSG (Portugal) [32]

JSICM (Japan) [33]

55,016

25,998

12,174

984

5,107

18

31

86

19

33

Mean age

-

62.1

57.7

55.4

58.3

Male (%)

65.1

58.3

68

67.7

64.5

Nonsurgical

23.2

41.5

75.9

68.2

40.8

Elective

65.4

34.1

13.7

19.6

49.4

Emergency

11.4

24.4

10.4

12.2

9.8

APACHE II

SAPS II

APACHE III

APACHE II

APACHE III

0.25†

0.193

0.198

0.335

0.181

Unit

13.3†

-

-

24.5

-

Hospital

20.9†

17.6

21.2

32.0

18.2

Surgical status (%)

Risk model
Mean probability
Mortality (%)
Unit
Hospital

Admissions
Units

Surgical status (%)

Risk model
Mean probability
Mortality (%)

APACHE, Acute Physiology and Chronic Health Evaluation; ASDI, Austrian Center for Documentation and Quality Assurance in Intensive Care
Medicine; ENASSG, European/North American Severity Study Group; EURICUS, European Study of Intensive Care Units; JSICM, Japanese
Society of Intensive Care Medicine; NICE, National Intensive Care Evaluation; PAEEC, Project for the Epidemiological Analysis of Critical Care
Patients; PSSSG, Portuguese Severity Scores Study Group; SAPS, Simplified Acute Physiology Score; -, not available from published report(s).
* Observed and expected mortality are identical as this database represents the development population for the APACHE III model. † APACHE II
mortality probability and mortality figures reported for 24,329 admissions eligible for APACHE II.

Risk adjustment has its limitations when used to compare critical care unit outcomes. Methods that rely on the worst values
of data recorded over the first 24 hours following admission
(e.g. APACHE II and APACHE III, SAPS II) are unable to distinguish between a very sick patient admitted to a good unit
and a less sick patient whose condition deteriorates over the
first 24 hours due to poor management [44]. Other methods
(e.g. MPM II) have similar drawbacks due to relying on varia-

bles reflecting treatment (e.g. mechanical ventilation, vasoactive drug treatment). Methods based on data at or around the
time of admission (e.g. MPM II0) have other limitations in that
they assume all admissions take place at the same time point
in the continuum of critical illness. In addition, all the methods
have various exclusion criteria, and the exclusions applied in
practice are even more varied. The 'observed' mortality of a
unit may change considerably depending on exactly which
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exclusion criteria are applied [45]. As this study was largely
descriptive, we applied no exclusion criteria except in the calculation of APACHE II scores and probabilities, where standard exclusions were applied (Table 1).
Accurate comparisons between databases, both within the
UK and internationally, can be problematic due to differences
in methods of data collection and reporting. Even something
as superficially straightforward as applying the exclusion criteria for a risk adjustment method can result in varied
interpretation [45]. Precise variable definitions and clear
reporting of collection methods can assist in identifying these
differences to improve interpretation of results.
This paper forms the baseline for a series of articles on specific conditions in critical care, providing essential background
on the data collection, data validation and overall case mix,
outcome and activity for all critical care admissions to set
those for specific conditions in context. Baseline statistics
(case mix, outcome, length of stay) on specific conditions in
critical care provide useful and practical information for working clinicians.

Conclusions
The CMP uses rigorous methods of data collection and validation to ensure data are complete, valid and reliable, and the
CMPD meets the criteria of a high-quality clinical database.
Values derived from the CMPD are consistent with those
reported from other multicentre intensive care databases in
the UK, but are more precise due to the large sample and are
more generalisable due to the wide coverage of the CMP.
Results from the CMP are representative and accurate,
permitting reliable comparisons both nationally and
internationally.

Key messages
•

Through the Directory of Clinical Databases http://
www.docdat.org, criteria on coverage and accuracy
now exist for determining the quality of clinical
databases

•

The Case Mix Programme Database performs well
against the ten DoCDat criteria

•

High quality clinical databases, such as the Case Mix
Programme Database, can provide accurate information
on the case mix, outcome and activity of patients for
health-care providers, managers and purchasers

•

The Case Mix Programme Database now holds data for
over 129,000 admissions to 128 adult, general critical
care units in England, Wales and Northern Ireland, and
is available for analysis through the Intensive Care
National Audit & Research Centre
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