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Abstract

Introduction This paper describes the case mix, outcome and
activity for admissions to intensive care units (ICUs) with
community-acquired pneumonia (CAP).

Methods We conducted a secondary analysis of a high quality
clinical database, the Intensive Care National Audit & Research
Centre (ICNARC) Case Mix Programme Database, of 301,871
admissions to 172 adult ICUs across England, Wales and
Northern Ireland, 1995 to 2004. Cases of CAP were identified
from pneumonia admissions excluding nosocomial pneumonias
and the immuno-compromised. It was not possible to review
data from the time of hospital admission; therefore, some
patients who developed hospital-acquired/nosocomial
pneumonia may have been included.

Results We identified 17,869 cases of CAP (5.9% of all ICU
admissions). There was a 128% increase in admissions for CAP
from 12.8 per unit to 29.2 per unit during the study period
compared to only a 24% rise in total ICU admissions (p <
0.001). Eighty-five percent of admissions were from within the
same hospital. Fifty-nine percent of cases were admitted to the
ICU <2 days, 21.5% between 2 and 7 days, and 19.5% >7 days
after hospital admission. Between 1995 and 1999 and 2000
and 2004 there was a rise in admissions from accident and

emergency (14.8% to 16.8%; p < 0.001) and high dependency
units (6.9% to 11.9%; p < 0.001) within the same hospital,
those aged >74 (18.5 to 26.1%; p < 0.001), and mean
APACHE Il score (6.83 to 6.91; p < 0.001). There was a fall in
past history of severe respiratory problems (8.7% to 6.4%; p <
0.001), renal replacement therapy (1.6% to 1.2%; p < 0.01),
steroid treatment (3.4% to 2.8%; p < 0.05), sedation/paralysis
(50.2% to 40.4%; p < 0.001), cardiopulmonary resuscitation
prior to admission (7.5% to 5.5%; p < 0.001), and septic shock
(7.3% to 6.6%; p < 0.001). ICU mortality was 34.9% and
ultimate hospital mortality 49.4%. Mortality was 46.3% in those
admitted to the ICU within 2 days of hospital admission rising to
50.4% in those admitted at 2 to 7 days and 57.6% in those
admitted after 7 days following hospital admission.

Conclusion CAP makes up a small, but important and rising,
proportion of adult ICU admissions. Survival of over half of all
cases vindicates the use of ICU facilities in CAP management.
Nevertheless, overall mortality remains high, especially in those
admitted later in their hospital stay.

Introduction
Community-acquired pneumonia (CAP) is an increasingly

common reason for hospital admission [1]. The majority of
such admissions recover uneventfully with appropriate

APACHE = Acute Physiology and Chronic Health Evaluation; APS = Acute Physiology Score; CAP = community-acquired pneumonia; CMP = Case
Mix Programme; COPD = chronic obstructive pulmonary disease; CPR = cardiopulmonary resuscitation; HDU = high dependency unit; ICNARC =

Intensive Care National Audit & Research Centre; ICU = intensive care unit.
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management. Between 5% and 10% [2] are more severely il
and are managed on an intensive care unit (ICU), up to 58%
[3] of whom go on to die. There have been four UK studies of
such patients [3-6]. While producing useful information, these
studies are limited by their small size (each <100 cases), loca-
tion in a single institution [3-5] and being out of date in relation
to recent changes in clinical practice. Changes in population
demographics, acute hospital admission practices, ICU
admission practices (linked to the absence of an agreed defi-
nition of what constitutes severe CAP), and introduction of
new interventions (for example, non-invasive ventilation) sug-
gest that a further assessment of CAP on the ICU is
worthwhile.

We have taken the opportunity provided by the Intensive Care
National Audit & Research Centre (ICNARC) Case Mix Pro-
gramme (CMP) Database to study nearly 18,000 such cases
managed on 172 ICUs between 1995 and 2004 with details
of case mix and outcome presented here.

Materials and methods

Case Mix Programme Database

The CMP is a national comparative audit of adult, general crit-
ical care units in England, Wales and Northern Ireland co-ordi-
nated by ICNARC. Data were extracted for 301,871
admissions to 172 ICUs from the CMP Database, covering the
period December 1995 to June 2004. Details of the data col-
lection and validation have been reported previously [7].

The CMP has approval from the Patient Information Advisory
Group to hold identifiable data without consent. Ethics com-
mittee approval was not required.

Selection of cases

Information on the reason for admission to the CMP unit is
recorded in the CMP Database using a standard coding
method, the ICNARC Coding Method [8].

Admissions were selected as having probable pneumonia if
the recording of the primary reason for admission, or ultimate
primary reason for admission if the diagnosis changed after 24
hours, was any of 'Bacterial pneumonia’, 'Viral pneumonia' or
'Pneumonia, no organism isolated' (Figure 1). Admissions
whose ultimate primary reason for admission to the CMP unit,
based on information known after the first 24 hours in the CMP
unit, was not one of the above (that is to say, the primary rea-
son for admission was corrected) were excluded.

Community-acquired pneumonia is not coded separately, so
cases were identified by the exclusion of pneumonia cases
that were likely to be nosocomial or occurring in a previously
immuno-compromised patient. Likely nosocomial pneumonia
was defined as surgical admission or transfer from another
ICU more than two days after the original hospital admission.
Surgical admissions were identified as those with a reason for
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admission to the CMP unit that was surgical, or a source of
admission or location immediately prior to source of admission
of theatre and recovery in the hospital. Inmuno-compromised
patients were identified by the recording of any of the following
in the past medical history: AIDS, radiotherapy, chemotherapy,
metastatic disease, acute myelogenous leukaemia or acute
lymphocytic leukaemia or multiple myeloma, chronic myeloge-
nous leukaemia or chronic lymphocytic leukaemia, lymphoma,
or congenital immunohumoral or cellular immune deficiency
state.

Data

Data were extracted on the case mix, outcome and activity as
defined below. Microbiological and antibiotic management
data are not included in the dataset and thus could not be
analysed.

Case mix

Age, gender, primary and secondary reasons for admission,
cardiopulmonary resuscitation (CPR) within 24 hours prior to
admission, and systolic blood pressure, heart rate, and
mechanical ventilation at admission were extracted.

The following physiological variables were extracted from the
first 24 hours in the CMP unit: sedated or paralysed and
sedated for whole of first 24 hours, lowest total Glasgow
Coma score if not sedated/paralysed, lowest arterial oxygen
tension (Pa0O,), lowest pH and associated arterial carbon diox-
ide tension (PaCO,).

Acute severity was measured with the Acute Physiology and
Chronic Health Evaluation (APACHE) Il Acute Physiology
Score (APS) and the APACHE Il score [9]; the former encom-
passes a weighting for acute physiology (defined by derange-
ment from the normal range for 12 physiological variables in
the first 24 hours in the ICU); the latter additionally encom-
passes a weighting for age and for a past medical history of
specified serious conditions.

Outcome
Survival data were extracted at discharge from the CMP unit
and at ultimate discharge from hospital.

Activity

Length of hospital stay prior to admission to the CMP unit was
calculated from the dates of admission to the hospital and
admission to the unit. Length of stay in the CMP unit was cal-
culated in fraction of days from the dates and times of admis-
sion and discharge or death. Total length of stay in hospital
was calculated in days from the dates of original admission
and ultimate discharge or death.

Readmissions to the CMP unit within the same hospital stay
were identified from the postcode, date of birth and sex, and
confirmed by the participating units.
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The Intensive Care National Audit & Research Centre Coding Method for pneumonia.

Analyses

Case mix, outcome and activity were described for all admis-
sions identified as probable CAP and separately for admis-
sions during the periods 1995 to 1999 and 2000 to 2004.

The demographics and first 24 hour physiology were com-
pared by length of stay in hospital prior to ICU admission in
three groups: those admitted to ICU within two days of hospi-
tal admission, those admitted to ICU between two and seven
days following hospital admission, and those admitted to ICU
more than seven days after hospital admission.

Results

Case mix

The definition of CAP was fulfilled by 17,869 cases represent-
ing 5.9% of all ICU admissions during the study period. Of
these, 10,271 (57.5%) cases were male with 2,941 (16.5%)
aged less than 45 years and 4,257 (23.9%) aged 75 years or
older (Table 1). Fifty-nine percent of cases were admitted to
the ICU less than two days, 21.5% between two and seven
days and 19.5% more than seven days after hospital admis-
sion. Eighty-five per cent of admissions were from within the
same hospital, but a significant minority of 15% were trans-
ferred from another hospital. There were 1,080 cases (6.1%)
only admitted after receiving cardiopulmonary resuscitation
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Table 1

Case mix for admissions with community-acquired pneumonia, overall and by year of admission: 1995 to 1999 versus 2000 to 2004

All admissions Admissions 1995 to 1999  Admissions 2000 to 2004 P value
Admissions, n (%) 17,869 (5.55) 5,333 (1.65) 12,536 (3.89)
Mean (SD) age, years 61.6 (17.6) 60.2 (17.5) 62.2 (17.6) <0.001
Age, n (%)
<16 years 336 (1.9) 116 (2.2) 220 (1.8)
16 to 24 years 475 (2.7) 144 (2.7) 331 (2.6)
25 to 34 years 830 (4.6) 298 (5.6) 532 (4.2)
35 to 44 years 1,300 (7.3) 385 (7.2) 915 (7.3)
45 to 54 years 2,184 (12.2) 686 (12.8) 1,498 (12.0)
55 to 64 years 3,453 (19.3) 1,087 (20.4) 2,366 (18.9)
65 to 74 years 5,034 (28.2) 1,632 (30.6) 3,402 (27.1)
75 to 84 years 3,837 (21.5) 916 (17.2) 2,921 (23.3)
85+ years 420 (2.4) 69 (1.3) 351 (2.8)
Gender male, n (%) 10,271 (57.5) 3,067 (57.5) 7,204 (57.5) 0.954
Source of admission, n (%) <0.001
Ward, same hospital 9,583 (53.6) 2,941 (55.2) 6,645 (53.0)
A&E, same hospital, clinic or home 2,888 (16.2) 788 (14.8) 2,100 (16.8)
Other intermediate care area, same hospital 649 (3.6) 162 (3.0) 487 (3.9)
HDU, same hospital 1,867 (10.5) 370 (6.9) 1,497 (11.9)
ICU, same hospital 198 (1.1) 77 (1.5) 121 (1.0)
ICU, other hospital 1,355 (7.6) 474 (8.9) 881 (7.0)
HDU, other hospital 157 (0.9) 44 (0.8) 113 (0.9)
Other hospital (not ICU or HDU) 1,169 (6.5) 477 (8.9) 692 (5.5)
Past medical history, n (%)
Severe liver problems 219 (1.2) 58 (1.1) 161 (1.3) 0.274
Very severe cardiovascular disease 334 (1.9) 96 (1.8) 238 (1.9) 0.656
Steroid treatment 535 (3.0) 183 (3.4) 352 (2.8) 0.025
Severe respiratory problems 1,265 (7.1) 465 (8.7) 800 (6.4) <0.001
Chronic renal replacement therapy 231 (1.3) 87 (1.6) 144 (1.2) 0.009
Primary reason for admission, n (%) <0.001
Viral pneumonia 361 (2.0) 164 (3.1) 197 (1.6)
Bacterial pneumonia 6,972 (49.0) 2,270 (42.6) 4,702 (37.5)
Pneumonia, no organism isolated 10,536 (59.0) 2,899 (54.3) 7,637 (60.9)
Secondary reason for admission, n (%) <0.001
Pre-existing
Obstructive airways disease 1,309 (7.3) 423 (7.9) 886 (7.1)
Trauma 119 (0.7) 32 (0.6) 87 (0.7)
Diabetes mellitus 117 (0.7) 49 (0.9) 68 (0.5)
Chronic neuromuscular disorders 99 (0.6) 32 (0.6) 67 (0.5)
Alcoholic cirrhosis 124 (0.7) 24 (0.5) 100 (0.8)
Chronic renal failure 184 (1.0) 49 (0.9) 135 (1.1)
Pulmonary fibrosis or fibrosing alveolitis 112 (0.6) 25 (0.5) 87 (0.7)
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Asthma attack 176 (1.0)
Inhalation pneumonitis (gastrointestinal contents) 56 (0.3)
Occurring as CAP complication
Septic shock/septicaemia 1,223 (6.8)
Pleural effusion 122 (0.7)
Could be pre-existing or complication
Acute renal failure 877 (4.9)
Cardiac dysrhythmia 246 (1.4)
Cardiac failure 643 (3.6)
Cardiogenic shock 59 (0.3)
Acute myocardial infarction 218 (1.2)
Pulmonary embolus (thrombus) 55 (0.3)
Status epilepticus or uncontrolled seizures 91 (0.5)
Non-cardiogenic pulmonary oedema (ARDS) 152 (0.9)

Other/none 11,887 (66.5)
CPR prior to admission, n (%) 1,080 (6.1)
Mean (SD) SBP at admission, mmHg 123.8 (30.9)
Mean (SD) heart rate at admission, bpm 108.6 (24.6)
Mechanically ventilated at admission, n (%) 9,751 (54.6)
Sedated or paralysed and sedated for whole of first 24 7,737 (43.3)
hours, n (%)

Median (IQR) lowest total GCS if not sedated/paralysed 15 (11-15)
Median (IQR) highest non-ventilated respiratory rate, 32 (26-40)
breaths/minute

Median (IQR) lowest PaO,, kPa 9.0 (7.7-10.4)
Median (IQR) lowest pH 7.3 (7.2-7.4)
Median (IQR) associated PaCO,, kPa 6.7 (5.3-8.6)
Mean (SD) APACHE Il APS2 15.31 (6.34)
Mean (SD) APACHE Il score? 19.63 (6.89)

62 (1.2) 114 (0.9)
12 (0.2) 44 (0.4)
389 (7.3) 834 (6.6)
17 (0.3) 105 (0.8)
238 (4.5) 639 (5.1)
58 (1.1) 188 (1.5)
213 (4.0) 430 (3.4)
22 (0.4) 37 (0.3)
55 (1.0) 163 (1.3)
23 (0.4) 32 (0.3)
32 (0.6) 59 (0.5)
45 (0.8) 107 (0.9)
3,533 (66.3) 8,354 (66.6)

396 (7.5) 684 (5.5) <0.001
123.5 (32.2) 123.9 (30.4) 0.486
110.1 (24.8) 108.0 (24.5) <0.001
3,009 (56.4) 6,742 (53.8) 0.001
2,676 (50.2) 5,061 (40.4) <0.001
15 (11-15) 15 (11-15) 0.249
32 (25-40) 33 (26-40) 0.030

9.1 (7.7-10.6) 8.9 (7.7-10.4) 0.023
7.3 (7.2-7.4) 7.3 (7.2-7.4) 0.002
6.5 (5.2-8.3) 6.7 (5.2-8.3) <0.001
15.09 (6.25) 15.40 (6.38) 0.003
19.37 (6.83) 19.74 (6.91) <0.001

aAPACHE Il exclusions: age <16 years; ICU stay <8 hours; readmissions within same hospital stay; transfers from another ICU; admissions
following coronary artery bypass grafting; admissions for primary burns. A&E, accident and emergency; APACHE, Acute Physiology and Chronic
Health Evaluation; APS, Acute Physiology Score; ARDS, acute respiratory distress syndrome; CAP, community-acquired pneumonia; CPR,
cardiopulmonary resuscitation; GCS, Glasgow Coma score; HDU, high dependency unit; ICU, intensive care unit; IQR, interquartile range;
PaCO.,, arterial carbon dioxide tension; PaO,, arterial oxygen tension; SBP, systolic blood pressure; SD, standard deviation.

and 9,751 (54.6%) were mechanically ventilated at admission
with 7,737 (43.3%) sedated or paralysed and sedated for the
whole of the first 24 hours.

Past medical problems were infrequently recorded, with
severe respiratory problems featuring most frequently, but in
only 7.1%. It is likely that these figures are low due to the
restricted definition of severe respiratory problems ('perma-
nent shortness of breath with light activity, e.g., walking 20 m'),
but under-recording cannot be excluded. Similarly, secondary
reasons for ICU admission suggested low rates of chronic dis-
eases, which may also be an underestimate of their true fre-
quency. Of other secondary reasons for ICU admission, septic

shock (6.8%) and pleural effusion (0.7%) are likely to have
occurred as a complication of CAP, but others such as acute
renal failure and myocardial infarction may have been a com-
plication of or complicated by the CAP. All were infrequently
recorded (<5%).

Outcome and activity

ICU mortality was 34.9% and ultimate hospital mortality
49.4% (Table 2). Of 8,609 total deaths, 2,381 (27.7%)
occurred after leaving the ICU. Median (interquartile range)
length of stay in the ICU was: survivors 6 (3 to 14) days; non-
survivors 4 (1 to 10) days (Table 3). Median (interquartile
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Table 2

Outcome for admissions with community-acquired pneumonia, overall and by year of admission: 1995 to 1999 versus 2000 to 2004

All admissions Admissions 1995 to 1999 Admissions 2000 to 2004 P value

N % n % n %
Mortality in CMP unit 6,228 (34.9) 1,757 (33.0) 4,471 (35.7) <0.001
Ultimate hospital mortality 8,609 (49.4) 2,484 (47.7) 6,125 (50.1) 0.004

aExcluding readmissions within the same hospital stay. CMP, Case Mix Programme.

Table 3

Activity for admissions with community-acquired pneumonia, overall and by year of admission: 1995 to 1999 versus 2000 to 2004

All admissions Admissions 1995 to 1999 Admissions 2000 to 2004 P value

Length of stay prior to admission to the CMP unit, days 2 (0-7) 1 (0-6) 2 (0-7) <0.001
Length of stay in CMP unit, days

Survivors 6 (3-14) 6 (3-13) 6 (3-14) 0.871

Non-survivors 4 (1-10) 4 (1-11) 4 (1-9) 0.098
Total length of stay in hospital?, days

Survivors 30 (17-53) 28 (16-51) 31 (17-55) <0.001

Non-survivors 12 (4-26) 12 (4-27) 12 (4-26) 0.749

Values are median (interquartile range). aExcluding readmissions within the same hospital stay. CMP, Case Mix Programme.

range) length of stay in hospital was: survivors 30 (17 to 53)
days; non-survivors 12 (4 to 26) days (Table 3).

Comparison of those admitted to ICU <2 days, 2 to 7 days
and >7 days after hospital admission

As time from hospital admission lengthened, the case mix
altered (Additional data file 1) with a rise in the proportion of
older (>55 years) and male cases admitted. The proportion
admitted from a ward, including high dependency units
(HDUs), rose while those admitted from accident and emer-
gency and those admitted after CPR fell. There were rises in
the proportions with a past history of severe liver problems and
chronic renal replacement therapy, but a fall in those with
severe respiratory problems. Markers of respiratory failure in
the non-ventilated became more frequent (higher respiratory
rates and PaCO,) and abnormal serum sodium was more
common. However, there was a reduction in the frequency of
other abnormal biochemical variables, with abnormal pH, base
excess, potassium, urea and creatinine being less common
with time. Mortality was 46.3% in those admitted to the ICU
<2 days after admission rising to 50.4% in those admitted at
2 to 7 days and 57.6 in those only admitted after 7 days in hos-
pital (p < 0.001).

Comparison of 1995 to 1999 with 2000 to 2004

The total number of admissions per unit rose by 24% through-
out the study period (Figure 2); however, the number of CAP
ICU admissions rose by 128% (Figure 3) from 12.8 per unit in
1996 to 29.2 per unit in 2004 (p < 0.001). The proportion of
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admissions from other hospitals did not change, but admission
from within the same hospital from HDU (6.9 to 11.9%) and
accident and emergency (14.8 to 16.8%) rose (p < 0.001).
Between the two periods there was a rise in those aged >74
years (18.5 to 26.1%; p < 0.001) and mean APACHE Il score
(6.83 to 6.91; p < 0.001), and a fall in past history of severe
respiratory problems (8.7 to 6.4%; p < 0.001), renal replace-
ment therapy (1.6 to 1.2%; p <0.01), steroid treatment (3.4 to
2.8%; p < 0.05), those sedated and paralysed at admission
(50.2 to 40.4%; p < 0.001), CPR prior to admission (7.5 to
5.5%; p < 0.001) and septic shock (7.3 to 6.6%; p < 0.001).
Death rates rose slightly between the two periods (ICU mor-
tality 33 to 35.7%, p < 0.001; hospital mortality 47.7 to
50.1%, p < 0.005). Median (interquartile range) hospital stay
in survivors rose between the two periods (28 (16 to 51) to 31
(17 to 55); p <0.001).

Discussion

The main findings of this study, the largest study of CAP
admissions to ICU published worldwide, are of the progres-
sive rise in the number of admissions with time and the survival
of half of all cases. While CAP accounts for only a small pro-
portion of total ICU admissions, the rise in the number of CAP
cases has been disproportionately large in comparison to the
rise in ICU admissions overall. lliness severity, whether judged
by admission gas exchange parameters, APACHE score, sep-
tic shock, length of hospital stay or mortality, does not appear
to have altered sufficiently to explain this large increase, sug-
gesting that the rise is either due to an increase in the total
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number of severely ill CAP cases presenting to hospital or the
accommodation of a previously unmet need. There is evidence
to support both explanations and it is likely that a combination
of the two has contributed. In support of the former is the dis-
proportionate rise in those aged >74 years (which could also
be due to previous unmet need) and the increase in overall
hospital admissions for CAP [1]. The previously unmet need
theory is supported by the fall in the proportion that are para-
lysed and sedated on ICU arrival, perhaps reflecting a recent
increase in the use of non-invasive ventilation (although this
was not specifically recorded in the database). Statistically
significant, but clinically small, rises/changes in admission
source, steroid treatment, renal replacement therapy, severe
respiratory problems, pneumonia type, and secondary admis-
sion reason are unlikely to explain these changes.

The overall ICU mortality of 35% is lower than the figures of
489%, 57% and 58% reported in previous UK studies [3-6],
and is more similar to reports from New Zealand and other
European countries, where seven studies have reported mor-
talities of 40% or less [10-16]. This apparent improvement in
outcome may be due to improved clinical practice (supported
perhaps by the fall in admissions only after CPR, which were
7, 13 and 25% in earlier studies [3,5,6]), but may also be due
to differing admission policies and also the potential for bias in
the previous UK studies. These studies were all small (maxi-
mum 62 cases) and two were based in single centres and
may, therefore, not be representative of the UK as a whole. The
much higher ultimate hospital mortality emphasises the value
of this as a more relevant outcome measure. Nevertheless, that
approximately 50% of patients survived to leave hospital vindi-
cates the use of ICU resources in the management of patients
with CAP. The much higher ultimate hospital mortality is not
unique to CAP [7].

1996 1997 1998 1999 2000 2001 2002 2003 2004

Number of admissions to an intensive care unit with community
acquired pneumonia per unit each year.

The small rise in mortality between the two periods of the study
may be because sicker patients were admitted or because of
the increase in the proportion of elderly cases in whom comor-
bidity may be more common and the decision not to augment
treatment might be taken at a different threshold to that in
younger, fitter individuals. Hospital care, especially identifica-
tion of the severely ill patient, prior to ICU admission may affect
outcome [17,18]. It is not possible to comprehensively assess
pre-ICU care from this database. The fall in the prior CPR fre-
quency and the low CPR frequency compared to previous UK
studies [3,5,6], might suggest better pre-ICU management.
The increase in the pre-ICU length of stay might, however,
suggest delay in ICU referral. The admission of more than half
of cases within 48 hours of hospital admission supports previ-
ous research suggesting that patients with severe illness are
usually severely ill at hospital admission and it is at this time
that alertness to severity of illness markers is especially impor-
tant. In previous studies, the proportion of patients admitted
early to the ICU has varied markedly. In a Spanish study [19],
80% reached the ICU within 24 hours of hospital admission,
whereas in a British multicentre study [6], only 48% reached
the ICU within this time. The latter figure is similar to the
present case series and may reflect a difference in practice
between countries, but may also be artefactually related to the
small number in such previous studies. The higher mortality in
those admitted later to the ICU is a cause for concern. The pre-
cise reasons for this cannot be identified from this database,
but late referral could include failure to recognise markers of
severe illness [17,18], high use of intermediate care facilities,
high ICU bed occupancy limiting ICU access and shortage of
ICU beds in the UK. Some late referrals may have had noso-
comial pneumonia, which is discussed in detail later. A
detailed analysis of factors, including existing severity scoring
models, related to outcome is the subject of a separate paper
in preparation.
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The main weaknesses of this study are its retrospective design
and, in particular, that patients with CAP were not separately
identified. While it is not possible to be certain that some
patients with other diagnoses (such as, nosocomial pneumo-
nia, pneumonia in the immuno-compromised and non-pneu-
monic exacerbations of chronic obstructive pulmonary disease
(COPD)) might not have been included, we believe that the
steps taken to exclude such cases and the large size of the
study population mean that any such cases that were mistak-
enly still included are unlikely to have significantly biased the
study findings. In particular, the exclusion of postoperative
cases and those with specified diagnoses linked with immuno-
suppression is likely to have minimised inclusion of nosocomial
cases and pneumonia in the immuno-compromised; however,
nosocomial pneumonia arising in patients admitted for another
medical reason might still have been included, but such num-
bers are likely to be small. If such cases have been inadvert-
ently included, this is most likely to have been in those only
admitted to the ICU after seven days in hospital. That we have
been successful in excluding even this group is suggested by
the absence of any rise in the frequency of cases with second-
ary admission reasons of myocardial infarction, cardiac failure
and COPD in those admitted to the ICU only after two days
compared to the less than two days group. The high frequency
of a raised PaCQ, is not in our opinion a sign of misclassifica-
tion of patients with exacerbations of COPD. In a recent study,
21% of CAP patients had a PaCO, of >45 mmHg at hospital
admission [20], a proportion that is likely to be significantly
higher in those admitted to the ICU. The low frequency of
'obstructive airways disease' as a secondary reason for ICU
admission also suggests that large numbers of non-pneu-
monic COPD exacerbations have not been included.

Conclusion

CAP makes up a small, but significant and rising, proportion of
adult ICU admissions. Survival of over half of all cases vindi-
cates the use of ICU facilities in CAP management. Neverthe-
less, overall mortality remains high, especially in those
admitted later in their hospital stay. More widespread use of
supports to clinical severity assessment, whether disease spe-
cific — for example, Confusion, Urea nitrogen, Respiratory rate,
Blood pressure, 65 years of age and older (CURB-65) [21] —
or generic — for example, Early Warning Score (EWS) [22] -
is to be encouraged.

Key messages

¢ Community acquired pneumonia accounts for 6% of
admissions to adult, general ICUs in the UK.

* Mortality was high, with 35% of admissions not surviv-
ing the ICU stay and 49% not surviving to leave
hospital.

* Mortality increased with increasing time in hospital prior
to ICU admission.

Page 8 of 9

(page number not for citation purposes)

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

CW performed the analyses. MW, CW and DH drafted the
manuscript. All authors contributed to the design and interpre-
tation of the study and critical revision of the manuscript, and
have read and approved the final manuscript.

Additional files

The following Additional files are available online:

Additional File 1

Additional file 1 is a table providing a comparison of
demographics and physiology for admissions with
community acquired pneumonia by length of stay in
hospital before admission to ICU.

See http://www.biomedcentral.com/content/
supplementary/cc4927-S1.doc

Acknowledgements

This study was supported by ICNARC. The authors wish to thank every-
one in the ICUs participating in the Case Mix Programme [23]. We
acknowledge the Department of Health and the Welsh Health Common
Services Authority for the initial, two-year, pump-priming funds in 1994
to establish ICNARC.

References

1.  Woodhead M: Community-acquired pneumonia. In Horizons in
Medicine 16 Edited by: Jayne Franklin. London: Royal College of
Physicians; 2004:165-173.

2. British Thoracic Society Standards of Care Committee: BTS
Guidelines for the Management of Community Acquired Pneu-
monia in Adults. Thorax 2001, 56(Suppl 4):iv1-64.

8. Hirani NA, Macfarlane JT: Impact of management guidelines on
the outcome of severe community-acquired pneumonia. Tho-
rax 1997, 52:17-21.

4.  Alkhayer M, Jenkins PF, Harrison BDW: The outcome of commu-
nity acquired pneumonia treated on the intensive care unit.
Respir Med 1990, 84:13-16.

5.  Woodhead MA, Macfarlane JT, Rodgers FG, Laverick A, Pilkington
R, Macrae AD: Aetiology and outcome of severe community-
acquired pneumonia. J Infect 1985, 10:204-210.

6.  The British Thoracic Society Research Committee and The Public
Health Laboratory Service: The aetiology, management and out-
come of severe community-acquired pneumonia on the inten-
sive care unit. Respir Med 1992, 86:7-13.

7. Harrison DA, Brady AR, Rowan K: Case mix, outcome and length
of stay for admissions to adult, general critical care units in
England, Wales and Northern Ireland: the Intensive Care
National Audit & Research Centre Case Mix Programme
Database. Crit Care 2004, 8:R99-R111.

8. Young JD, Goldfrad C, Rowan K: Development and testing of a
hierarchical method to code the reason for admission to inten-
sive care units: the ICNARC Coding Method. Br J Anaesth
2001, 87:543-548.

9. Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a
severity of disease classification system. Crit Care Med 1985,
13:818-829.

10. Gowardman J, Trent L: Severe community acquired pneumonia:
a one-year analysis in a tertiary referral intensive care unit. N
Z Med J 2000, 113:161-164.


http://www.biomedcentral.com/content/supplementary/cc4927-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11713364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11713364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11713364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9039234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9039234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2115190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2115190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4031512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4031512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1565823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1565823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1565823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15025784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15025784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15025784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11878722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11878722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11878722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3928249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3928249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10894342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10894342

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ruiz M, Ewig S, Torres A, Arancibia F, Marco F, Mensa J, Sanchez
M, Martinez JA: Severe community-acquired pneumonia. Risk
factors and follow-up epidemiology. Am J Respir Crit Care Med
1999, 160:923-929.

Leroy O, Santre C, Beuscart C, Georges H, Guery B, Jacquier JM,
Beaucaire G: A five-year study of severe community-acquired
pneumonia with emphasis on prognosis in patients admitted
to an intensive care unit. /ntensive Care Med 1995, 21:24-31.
Moine P, Vercken JB, Chevret S, Chastang C, Gajdos P: Severe
community-acquired pneumonia. Etiology, epidemiology, and
prognosis factors. French Study Group for Community-
Acquired Pneumonia in the Intensive Care Unit. Chest 1994,
105:1487-1495.

Rello J, Quintana E, Ausina V, Net A, Prats G: A three-year study
of severe community-acquired pneumonia with emphasis on
outcome. Chest 1993, 103:232-235.

Torres A, Serra-Batlles J, Ferrer A, Jimenez P, Celis R, Cobo E,
Rodriguez-Roisin R: Severe community-acquired pneumonia.
Epidemiology and prognostic factors. Am Rev Respir Dis 1991,
144:312-318.

Pachon J, Prados MD, Capote F, Cuello JA, Garnacho J, Verano A:
Severe community-acquired pneumonia. Etiology, prognosis,
and treatment. Am Rev Respir Dis 1990, 142:369-373.
McQuillan P, Pilkington S, Allan A, Taylor B, Short A, Morgan G,
Nielsen M, Barrett D, Smith G, Collins CH: Confidential inquiry
into quality of care before admission to intensive care. BMJ
1998, 316:1853-1858.

National Confidential Enquiry into Patient Outcome and Death: An
Acute Problem. A report of the National Confidential Enquiry into
Patient Outcome and Death (2005) London: NCEPOD; 2005.
Ewig S, Ruiz M, Mensa J, Marcos MA, Martinez JA, Arancibia F,
Niederman MS, Torres A: Severe community acquired pneumo-
nia: assessment of severity criteria. Am J Respir Crit Care Med
1998, 158:1102-1108.

Sin DD, Man SFP, Marrie TJ: Arterial carbon dioxide tension on
admission as a marker of in-hospital mortality in community-
acquired pneumonia. Am J Med 2005, 118:145-150.

Lim WS, van der Eerden MM, Laing R, Boersma WG, Karalus N,
Town GlI, Lewis SA, Macfarlane JT: Defining community
acquired pneumonia severity on presentation to hospital: an
international derivation and validation study. Thorax 2003,
58:377-382.

Goldhill DR, McNarry AF, Mandersloot G, McGinley A: A physio-
logically-based early warning score for ward patients: the
association between score and outcome. Anaesthesia 2005,
60:547-553.

Participants of the Case Mix Programme http://www.icn
arc.org/audit/cmp/participating-units/]

Available online http://ccforum.com/content/10/S2/S1

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10471620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10471620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7560469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7560469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7560469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8181342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8181342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8181342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1859053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1859053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2382902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2382902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2382902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9632403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9632403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9769267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9769267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15694899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15694899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15694899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12728155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12728155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12728155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15918825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15918825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15918825
http://www.icnarc.org/audit/cmp/participating-units/
http://www.icnarc.org/audit/cmp/participating-units/

	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Case Mix Programme Database
	Selection of cases
	Data
	Case mix
	Outcome
	Activity

	Analyses

	Results
	Case mix
	Outcome and activity
	Comparison of those admitted to ICU <2 days, 2 to 7 days and >7 days after hospital admission
	Comparison of 1995 to 1999 with 2000 to 2004

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Additional files
	Acknowledgements
	References

