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Abstract
Introduction This report describes the case mix, outcome and
activity (duration of intensive care unit [ICU] and hospital stay,
inter-hospital transfer, and readmissions to the ICU) for
admissions to ICUs for acute severe asthma, and investigates
the effect of case mix factors on outcome.
Methods We conducted a secondary analysis of data from a
high-quality clinical database (the Intensive Care National Audit
and Research Centre [ICNARC] Case Mix Programme
Database) of 129,647 admissions to 128 adult, general critical
care units across England, Wales and Northern Ireland over the
period 1995–2001.
Results Asthma accounted for 2152 (1.7%) admissions, and in
57% mechanical ventilation was employed during the first 24
hours in the ICU. A total of 147 (7.1%) patients died in intensive
care and 199 (9.8%) died before discharge from hospital. The
mean age was 43.6 years, and the ratio of women to men was
2:1. Median length of stay was 1.5 days in the ICU and 8 days

in hospital. Older age, female sex, having received
cardiopulmonary resuscitation (CPR) within 24 hours before
admission, having suffered a neurological insult during the first
24 hours in the ICU, higher heart rate, and hypercapnia were
associated with greater risk for in-hospital death after adjusting
for Acute Physiology and Chronic Health Evaluation II score.
CPR before admission, neurological insult, hypoxaemia and
hypercapnia were associated with receipt of mechanical
ventilation after adjusting for Acute Physiology and Chronic
Health Evaluation II score.

Conclusion ICU admission for asthma is relatively uncommon
but remains associated with appreciable in-hospital mortality.
The greatest determinant of poor hospital survival in asthma
patients was receipt of CPR within 24 hours before admission
to ICU. Clinical management of these patients should be
directed at preventing cardiac arrest before admission.
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Editor's note
This artcle was previously published in this journal as: Critical

Care 8:R112-R121, see: http://ccforum.com/content/8/2/
R112

APACHE = Acute Physiology and Chronic Health Evaluation; CMPD = Case Mix Programme Database; COPD = chronic obstructive pulmonary
disease; CPR = cardiopulmonary resuscitation; GCS = Glasgow Coma Scale; ICNARC = Intensive Care National Audit and Research Centre; ICU
= intensive care unit; PaCO2 = arterial oxygen tension; PaO2 = arterial oxygen tension.
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Introduction
Asthma is a common and chronic disorder with very good outcome in the great majority of patients with appropriate maintenance therapy, of which inhaled corticosteroids and longacting β-agonists are the mainstay. The natural history of
asthma is punctuated by acute exacerbations, most of which
respond to conventional treatment using bronchodilators, steroids and oxygen [1]. Deterioration or failure to respond to
these measures, however, sometimes leads to severe respiratory failure, which necessitates admission to an intensive care
unit (ICU). In some cases, endotracheal intubation with
mechanical ventilation is required [1-7].
Factors that have been shown to lead to an acute life-threatening attack in asthma include a previous history of a severe
attack [8-10], adverse psychosocial factors [11,12] and cigarette smoking [13]. Substantive differences have been
reported in terms of morbidity and mortality among those
patients who require mechanical ventilation [2-7,14]. It has
been estimated that 4% of all emergency admissions for
asthma in the USA require mechanical ventilation [14]. There
are several controversies regarding the optimal treatment for
severe asthma requiring intensive care, including optimal intubation technique [15], ventilation strategies [16-18], and use
and/or duration of muscle relaxants [19,20]. Answers to these
will, however, depend on the characteristics of patients being
admitted to ICU with asthma. The case mix of patients being
admitted to ICU may vary from unit to unit, depending on ICU
bed availability and admission policies.
Knowledge of condition-specific morbidity and mortality for
patients with asthma admitted to ICU is essential for making
rational decisions. Such knowledge can contribute to decisions on admission, treatment and discharge from ICU. The
case mix and outcomes for patients with acute severe asthma
treated in a large number of ICUs have never been described.
A high-quality, clinical database was used to identify admissions with asthma to ICUs across England, Wales and Northern Ireland, in order to provide national, baseline information
that may be useful both for local benchmarking and for dictating future policy. The case mix, outcome and activity of admissions with asthma were described. The effects of factors,
determined a priori, on hospital mortality and on receipt of
mechanical ventilation during the first 24 hours in the ICU
were investigated.

CMP – a national comparative audit of critical care that is run
by the Intensive Care National Audit and Research Centre
(ICNARC). Details regarding the data collection and the validation process in the CMP were previously reported [21].
Selection of cases
Information on the reason for admission to ICU is recorded in
the CMPD using a standard coding method, the ICNARC
Coding Method [22]. Data were extracted for those admissions whose primary or secondary reason for admission to
ICU, based on information known during the first 24 hours in
ICU, was 'asthma attack in new or known asthmatic' (Fig. 1).
Admissions whose ultimate primary reason for admission to
ICU, based on information known after the first 24 hours in the
ICU, was not 'asthma attack in new or known asthmatic' (i.e.
the primary reason for admission was corrected) were
excluded. Admissions whose ultimate primary reason for
admission to ICU was 'asthma attack in new or known asthmatic', having been corrected from a different code, were
included.

Two subgroups of admissions with asthma were identified:
those patients who were mechanically ventilated during the
first 24 hours in the ICU and those who were not. Mechanical
ventilation was recorded at admission, or was indicated by the
recording of a ventilated respiratory rate during the first 24
hours after ICU admission.
Data
Data were extracted on the case mix, outcome and activity for
admissions to ICU with asthma, as defined below.

Case mix
Age at admission and sex were extracted.
A history of steroid treatment was defined as the receipt of at
least 0.3 mg/kg per day prednisolone (or equivalent) for the 6
months before admission to ICU. This definition will identify
patients who were on long-term oral steroids and who might
have had difficulty being weaned from a ventilator. It does not
necessarily represent the underlying severity of the asthma.
Admissions following cardiopulmonary resuscitation (CPR)
were defined as those receiving internal or external cardiac
massage in hospital or out of hospital during the 24 hours
before ICU admission.

Methods
Case Mix Programme Database
Data were extracted for 129,647 admissions to 128 adult,
general critical care units – ICUs, often incorporating highdependency beds, admitting patients predominantly older
than 16 years – from the Case Mix Programme Database
(CMPD) covering the period from December 1995 to August
2001. The CMPD is a high-quality clinical database that contains details regarding consecutive admissions to ICUs in the
S15

Admissions with a neurological insult were defined as those
with one or more of the following: fixed pupillary reactions;
coma (Glasgow Coma Scale [GCS] score 3) or deep stupor
(GCS 4–5) at the 24 hours in the ICU (for those staying 24
hours or longer in ICU); a lowest total GCS value during the
first 24 hours in ICU of less than 6; and, for those admissions
sedated or paralyzed and sedated for the whole of the first 24
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Figure 1
Type:

Surgical
Non-surgical

System:

Site:

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

Congenital or acquired deformity or abnormality
Haemorrhage
Infection
Inflammation
Obstruction
Trauma, perforation or rupture
Tumour or malignancy

Condition:

Asthma attack in newor known asthmatic
Drug, procedure or transfusion induced bronchospasm
Obstruction by foreign body
Sputum retention
Extrinsic compression of bronchus by tumour
Chronic obstructive airways disease (COAD/COPD)
Meconium aspiration
Bronchiolitis obliterans

The Intensive
Method:
asthma
Care National Audit and Research Centre Coding
Method: asthma.

hours, a value less than 6 for their presedation total GCS or
categorised as an expected neurological death.
The following physiological variables, selected a priori, were
extracted during the first 24 hours in the ICU: highest heart
rate; highest nonventilated respiratory rate; arterial oxygen tension (PaO2) and pH from the arterial blood gas with the lowest
PaO2; and arterial carbon dioxide tension (PaCO2) from the
arterial blood gas with the lowest pH.
Severity of illness was measured using the Acute Physiology
Score and the APACHE II score [23]. The former encompasses a weighting for acute physiology (defined by derangement from the normal range for 12 physiological variables
during the first 24 hours in the ICU), and the latter additionally
encompasses a weighting for age and for a past medical history of specified serious conditions.

Activity
Length of stay in the CMP unit was calculated in fraction of
days from the dates and times of admission and discharge.
Length of stay in hospital was calculated in days from the
dates of original admission and ultimate discharge. Transfers
in from another hospital were identified as admissions whose
source of admission to ICU or location immediately before the
source of admission was any location in another hospital.
Readmissions to ICU within the same hospital stay were identified from the postcode, date of birth and sex, and confirmed
by the participating ICUs.
Analyses
Case mix, outcome and activity were described for all admissions with asthma, admissions of patients with asthma who
were mechanically ventilated during the first 24 hours and
those who were not. Those aged less than 16 years and those
who stayed less than 8 hours in the ICU were excluded from
calculation of Acute Physiology Score and APACHE II score.

The effect of case mix factors, specified a priori, on ultimate
hospital mortality for admissions with asthma was investigated
using logistic regression. Readmissions within the same hospital stay and admissions of patients for whom hospital outcome data were missing were excluded from all analyses
relating case mix factors to ultimate hospital mortality. Continuous variables were assumed to have a linear effect on the log
odds. In addition to univariate analyses, the factors were
entered into a multiple logistic regression model. The highest
nonventilated respiratory rate was excluded from the multiple
logistic regression because of the large number of structurally
missing values caused by patients mechanically ventilated
throughout the first 24 hours. Because asthma was the only
condition being analyzed, case mix adjustment was undertaken using the APACHE II score and not the predicted mortality probability. The effect of mechanical ventilation during
the first 24 hours was examined by adding interaction terms to
the multiple logistic regression model for each factor
individually.
A number of the case mix factors related to ultimate hospital
mortality were also deemed, a priori, to influence receipt of
mechanical ventilation during the first 24 hours in the ICU
(age, CPR, neurological insult, highest heart rate, PaO2,
PaCO2 and pH). Similar analyses to those described above for
ultimate hospital mortality were carried out to investigate
receipt of mechanical ventilation.
All analyses were performed using Stata 7.0 (Stata Corporation, College Station, TX, USA).

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

Data
Of 129,647 admissions to 128 adult ICUs in the CMPD, 2152
(1.7%) admissions were identified as having a primary,
S16

Critical Care

Vol 9 No Suppl 3

Gupta et al.

Table 1
Case mix, outcome and activity for admissions with primary or secondary reason for admission to ICU of asthma
All (n = 2152)

Mechanically ventilateda
(n = 1223)

Not mechanically ventilateda
(n = 929)

Case mix
Age (mean ± SD; years)

43.6 ± 19.2

47.4 ± 18.6

38.6 ± 18.8

Sex (% male)

33.2

34.8

31.0

Steroid treatment during previous 6 months (%)

14.1

13.9

14.3

CPR within 24 hours before ICU admission (%)

8.0

12.4

2.0

Neurological insult during the first 24 hours (%)

10.3

17.0

1.5

Highest heart rate (mean ± SD; beats/min)

133 ± 21.8

134 ± 21.9

132 ± 21.7

Highest nonventilated respiratory rate (mean ± SD; breaths/min)

30 ± 10.3

26 ± 9.8

32 ± 9.9

Lowest PaO2 (median [IQR]; kPa)

10.9 (9.3–13.4)

10.7 (9.2–12.9)

11.3 (9.4–14.3)

pH from ABG with lowest PaO2 (median [IQR])

7.37 (7.29–7.42)

7.34 (7.25–7.40)

7.40 (7.35–7.44)

6.9 (5.2–9.5)

8.2 (6.3–10.7)

5.3 (4.5–6.6)

Acute Physiology Score (mean ± SD)b

11.0 ± 5.5

12.5 ± 5.7

8.6 ± 4.2

APACHE II score (mean ± SD)b

13.8 ± 6.6

15.7 ± 6.7

11.0 ± 5.2

Mortality in CMP unit (n [%])

133 (6.3)

123 (10.3)

10 (1.1)

Mortality in any hospital (n [%])

199 (9.8)

177 (15.4)

22 (2.5)

1.5 (0.7–3.5)

2.6 (1.3–6.7)

0.8 (0.5–1.5)

8 (5–15)

10 (6–19)

6 (4–10)

Transfers in from another hospital (%)

11.8

17.4

4.4

Readmissions within the same hospital stay (%)

2.3

2.1

2.6

PaCO2 from ABG with lowest pH (median [IQR]; kPa)

Outcomec

Activity
Stay in CMP unit (median [IQR]; days)
Stay in any hospital (median [IQR]; days)

aDuring

first 24 hours after admission to the Case Mix Programme (CMP) unit. b248 (11.5%) admissions aged <16 years or staying <8 hours in
the intensive care unit (ICU) excluded from the calculation of Acute Physiology Score and Acute Physiology and Chronic Health Evaluation
(APACHE) II score. cExcluding 50 (2.3%) readmissions to ICU within the same hospital stay. ABG, arterial blood gas; IQR, interquartile range;
PaO2, arterial oxygen tension; SD, standard deviation.

secondary, or ultimate reason for admission to ICU of asthma
(see Methods, above). Of these, 1223 (56.8%) were identified
as having been mechanically ventilated in the first 24 hours
and 929 (43.2%) were not. Table 1 describes measures of
case mix, outcome and activity for all admissions with asthma,
for those mechanically ventilated in the first 24 hours and for
those who were not.
Case mix, outcome and activity
Overall mean age was 43.6 years and two-thirds of admitted
patients with asthma were female, although in paediatric
patients (<16 years) there were slightly more males than
females (65 versus 53). The sample of paediatric cases is
comparatively small and may not be representative of the
entire population because the data were obtained from adult
ICUs and not from paediatric ones. Admissions of patients
who were mechanically ventilated during the first 24 hours
were older than those who were not (mean age 47.4 years verS17

sus 38.6 years), and a higher proportion of admitted patients
who were mechanically ventilated in the first 24 hours had
received CPR within 24 hours before admission to the ICU
(12.4% versus 2.0%) and were recorded as having suffered a
neurological insult in the first 24 hours in the ICU (17.0% versus 1.5%). The first 24-hour Acute Physiology Score was
higher among mechanically ventilated admissions (12.5 versus 8.6).
Overall ultimate mortality was 7.1% in ICU and 9.8% in hospital. ICU and hospital mortality were highest for those who were
mechanically ventilated during the first 24 hours (Table 1).
The overall median length of stay was 1.5 days in the ICU and
8 days in hospital. Referrals from other hospitals accounted for
11.8% of admissions, and 2.3% of admissions were identified
as being readmissions of the same patient within the same
hospital stay. Compared with those not mechanically venti-

Available online http://ccforum.com/content/9/S/S14

lated during the first 24 hours, mechanically ventilated patients
spent a longer time in the ICU (median 2.6 versus 0.8 days)
and in hospital (median 10 versus 6 days) and were more likely
to be transferred in from another hospital (17.4% versus
4.4%).
Relationship of case mix factors with ultimate hospital
mortality
Table 2 presents the univariate relationships between specified case mix factors and ultimate hospital mortality. Excluded
from these analyses were readmissions within the same hospital stay and admissions of patients for whom data regarding
ultimate hospital outcome were missing, resulting in 2041
admissions, of whom 199 (9.8%) died in hospital. The
following factors were associated with increased ultimate hospital mortality: older age, CPR within 24 hours before admission to ICU, a neurological insult recorded during the first 24
hours in the ICU, higher heart rate, acidosis, hypercapnia, and
higher Acute Physiology Score and APACHE II score.

Table 3 shows, for all admissions with asthma, the results of
the multiple logistic regression analysis before and after
adjustment for case mix (APACHE II score). Increased odds of
hospital mortality were associated with older age, having
received CPR, having suffered a neurological insult, higher
heart rate and hypercapnia. After adjustment for APACHE II
score all of these factors remained significant, although the
size of most effects was reduced, and female sex was also
found to give statistically significant increased odds of hospital
mortality. A significant interaction with mechanical ventilation
was found to exist for the factors age, highest heart rate, PaO2,
PaCO2, pH and APACHE II score. For all factors, the effect of
this interaction was to increase the magnitude of the relationship between these variables and mortality in mechanically
ventilated patients.
Relationship of case mix factors to receipt of mechanical
ventilation during the first 24 hours
Receipt of mechanical ventilation was associated with older
age, CPR within 24 hours before admission to ICU, a neurological insult recorded in the first 24 hours in ICU, higher heart
rate, hypoxaemia, hypercapnia and higher Acute Physiology
Score and APACHE II score (Table 4).

Table 5 shows the results of the multiple logistic regression
analysis before and after adjustment for APACHE II score.
Increased odds of receiving mechanical ventilation in the first
24 hours were associated with older age, CPR, neurological
insult, lower PaO2, and higher PaCO2 in the arterial blood gas
with the lowest pH. After adjustment for APACHE II score, age
was no longer significant and the effects of the other factors
were somewhat reduced.

Discussion
Acute severe asthma is a dangerous complication of a common disorder. Our figure of 1.7% of all ICU admissions being
due to acute severe asthma is comparable to those in two previous studies, namely 1.8% in the USA [5] and 2% in the UK
[24]. The proportion of all hospital admissions for asthma
requiring admission to ICU cannot be determined from these
data.
Admission to ICU for acute severe asthma in adults is more
common among women than among men. Our ratio of 2:1 is
similar to that found in previous studies [4,24,25]. In children,
however, boys are more commonly admitted with acute severe
asthma than are girls; this difference is most marked in children under 2 years of age but is not present by 13–18 years
[26-28]. These differences could partly be due to sex
differences in the prevalence of asthma. Anderson and coworkers [29] have shown that the male:female ratio of cumulative incidence of asthma and wheezy bronchitis rose from 1.23
in the 0–7 year range to 1.48 in the 12–16 year range but
reversed to 0.5 in the 17–23 year range. The dominance of
female admissions to ICU for acute severe asthma raises the
possibility that sex-specific hormonal, biochemical, or anatomical (e.g. differences in airway diameter) factors play roles in
the pathogenesis of severe asthma [30]. Differences in the
perception of dyspnoea and severity among men and women
may also be a contributing factor [31]. For instance, men with
severe asthma have been shown to present late, and to have
more hypercapnia and more severe disease at presentation
than women [24,32,33], although recent intensive care data
do not support this [34].
In the present study data, 57% of patients admitted received
mechanical ventilation within the first 24 hours in ICU. It is
likely that some patients suffered some deterioration after an
initial improvement, necessitating mechanical ventilation after
the first 24 hours in ICU. The reported proportion of patients
receiving mechanical ventilation among those admitted to ICU
for acute severe asthma range from 2% [32] to 58% [35], with
various proportions being reported in between those extremes
[33,36,37]. These differences may reflect variation both in the
availability and in the threshold of ICU care, as well as
differences in severity of illness. Patients admitted to ICUs in
the UK are reported to be sicker than in other countries
[38,39] and this is supported by higher mean APACHE II
probabilities of hospital mortality in UK (0.26 [21], 0.27 [40]
and 0.28 [41]) than in US (0.22) or Canadian (0.25) studies
[42]. The characteristics of patients admitted who received
mechanical ventilation in the present study were similar to
those in earlier reports, with older admissions and a greater
proportion of admissions having hypercapnia or having
received CPR before admission.
In the present study, hospital mortality risk factors for admissions for asthma were old age, female sex, receipt of CPR in
S18
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Table 2
Univariate analyses of individual patient factors in relation to ultimate hospital mortality
Deaths

na

%

OR (95% CI)

0–19

7

230

3.0

1.68 (1.54–1.85) per 10 year increase

20–29

10

336

3.0

30–39

7

348

2.0

40–49

28

338

8.3

50–59

35

328

10.7

60+

112

461

24.3

Female

142

1365

10.4

1.00

Male

57

676

8.4

0.79 (0.57–1.09)

No

175

1755

10.0

1.00

Yes

24

286

8.4

0.83 (0.53–1.29)

No

123

1861

6.6

1.00

Yes

73

165

44.2

11.21 (7.84–16.03)

No

122

1829

6.7

1.00

Yes

77

212

36.3

7.98 (5.09–10.95)
1.08 (1.01–1.15) per 10 beats/min increase

Age (years)

Sex

Steroid treatment in previous 6 months

CPR within 24 hours before admission

Neurological insult in first 24 hours

Highest heart rate (beats/min)
<124

57

661

8.6

124–141

63

700

9.0

≥141

73

641

11.4

Highest respiratory rate (breaths/min)
<26

17

492

3.5

26–33

15

462

3.2

≥33

22

471

4.6

1.01 (0.89–1.15) per 5 breaths/min increase

Lowest Pao2 (kPa)
<9.8

81

585

13.9

9.8–12.4

57

618

9.2

≥12.4

52

614

8.5

0.89 (0.76–1.05) per 5 kPa increase

pH from ABG with lowest Pao2
<7.32

99

556

17.8

7.32–7.41

51

656

7.8

≥7.41

40

603

6.6

1.62 (1.37–1.91) per pH 0.1 increase

Paco2 from ABG with lowest pH (kPa)
<5.7

22

573

3.8

5.7–8.2

62

567

10.9

≥8.2

97

586

16.5

1.62 (1.37–1.91) per 5 kPa increase

Acute Physiology Score
0–8

19

65

2.9

9–12

48

590

8.1

13+

114

567

20.1

0–10

10

594

1.7

11–15

38

593

6.4

16+

133

621

21.4

1.18 (1.15–1.21) per 1 point increase

APACHE II score

aExcluding

1.18 (1.15–1.21) per 1 point increase

admissions who were readmissions to intensive care unit (ICU) within the same hospital stay, admissions whose ultimate hospital
discharge status was missing, and admissions missing the specific factor. APACHE, Acute Physiology and Chronic Health Evaluation; CI,
confidence interval; CPR, cardiopulmonary resuscitation; OR, odds ratio; Paco2, arterial carbon dioxide tension; Pao2, arterial oxygen tension.
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Table 3
Multiple logistic regression model of patient factors in relation to ultimate hospital mortality
Adjusted OR (95% CI)
Patient

factora

Before adjustment for APACHE II score
(n = 1700)b

After adjustment for APACHE II score
(n = 1570)c

Age (10 years)

1.71 (1.53–1.91)

1.51 (1.32–1.74)

Male sex

0.68 (0.46–1.02)

0.60 (0.39–0.92)

Steroid treatment in previous 6 months

0.97 (0.56–1.66)

0.68 (0.38–1.21)

CPR within 24 hours before admission

6.56 (4.14–10.42)

6.40 (3.91–10.46)

Neurological insult in first 24 hours

3.72 (2.39–5.79)

1.81 (1.04–3.14)

Highest heart rate (10 beats/min)

1.19 (1.09–1.29)

1.10 (1.00–1.21)

Lowest PaO2 (5 kPa)

0.86 (0.71–1.03)

0.86 (0.71–1.05)

pH from ABG with lowest PaO2 (pH 0.1)

0.81 (0.68–0.96)

0.93 (0.78–1.12)

PaCO2 from ABG with lowest pH (5 kPa)

1.37 (1.08–1.74)

1.38 (1.08–1.77)

APACHE II score (1 point)
aReported

-d

1.10 (1.05–1.14)
bExcluding

odds ratio is for an increase (indicated in parentheses) in the associated continuous factor.
admissions who were
readmissions to intensive care unit within the same hospital stay, admissions whose ultimate hospital discharge status was missing and
c
admissions for whom any of the entered risk factors were missing. Excluding (in addition to exclusions described in footnote b) admissions not
eligible for Acute Physiology and Chronic Health Evaluation (APACHE) II score. dFactor not entered into the multiple logistic regression model.
ABG, arterial blood gas; CI, confidence interval; CPR, cardiopulmonary resuscitation; Paco2, arterial carbon dioxide tension; Pao2, arterial oxygen
tension.

the 24 hours before admission, neurological insult during the
first 24 hours in ICU, high heart rate and high PaCO2. The finding of a higher hospital mortality rate in women than in men is
supported by the observations that type I brittle asthma – a
phenotype at the most severe end of the clinical spectrum – is
more common in women [43]. The reported mortality from
acute severe asthma requiring intensive care varies widely [25,7,13,25,33,35-37,44-53], ranging from 0% [33,36,37] to
40% [7] dying while on mechanical ventilation. This wide variation may be explained by multiple factors interacting such as
differences in case mix, changes in ventilation strategy over
time, and the fact that most of these studies are based on data
from single units.
In these data, CPR in the 24 hours before admission was statistically significantly associated both with hospital mortality
and with receipt of mechanical ventilation, after adjusting for
APACHE II score. CPR before admission to ICU is a known
adverse factor for survival. In an earlier audit from the UK [41],
it was shown that 30% of deaths in ICU occurred in patients
who had received CPR before admission. This raises the issue
of early recognition and prevention of factors that may lead to
cardiopulmonary arrest in patients with acute severe asthma.
Although it may be possible to identify these risk factors for an
impending event necessitating CPR in the wards and intervene before that event occurs [54], the impact of such an intervention on survival is not clear [55].
After adjusting for APACHE II score, age remained associated
with ultimate hospital mortality. The odds of dying increased by

a factor of 1.5 for every 10-year increase in age. Because
chronic obstructive pulmonary disease (COPD) may be acting
as a confounding illness at older ages, these findings should
be interpreted with caution. Only in some cases, in which a
patient's pre-event history is not clear and a diagnosis of
asthma is regarded as the most likely, is it reasonable to
assume that an older person carries a worse prognosis.
Over a quarter of deaths (52/199 [26.1%]) in this study
occurred after discharge from the ICU. This figure is comparable to those reported previously: 27.1% [41] and 35.4% [40]
in the UK, 31% in Scotland [56], 23.4% in Portugal [57] and
14.7% in Brazil [58]. There may be several factors responsible
for death after discharge from the ICU that may or may not be
related to the primary disease (e.g. acute cardiac events),
whereas in some patients a do-not-resuscitate order may have
been decided by the attending clinicians.
Median ICU length of stay according to these data was 1.5
days for all admissions with asthma (2.6 days for those
mechanically ventilated), which is similar to that reported earlier in the UK [41] and slightly shorter than the overall median
length of stay of 1.7 days for all ICU admissions [21].
Admissions with acute severe asthma may be regarded as relatively short stay admissions in terms of burden on ICU
resources.
One of the difficulties encountered in bronchial asthmarelated, retrospective analyses is in differentiating the diagnosis of asthma from that of COPD in admitted patients who are
S20
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Table 4
Univariate analyses of individual patient factors in relation to receipt of mechanical ventilation in the first 24 hours after admission
to the Case Mix Programme unit
na

% Mechanically ventilatedb

% Not mechanically
ventilatedb

OR (95% CI)

0–19

237

40.5

59.5

1.28 (1.22–1.34) per 10 year
increase

20–29

365

43.3

56.7

30–39

367

47.1

52.9

40–49

354

62.1

37.9

50–59

340

65.6

34.4

60+

489

72.2

27.8

No

1849

57.0

43.0

1.00

Yes

303

56.1

43.9

0.97 (0.76–1.23)

No

1966

54.1

45.9

1.00

Yes

171

88.9

11.1

6.78 (4.18–11.02)

No

1,930

52.6

47.4

1.00

Yes

222

93.7

6.3

13.39 (7.74–23.18)

<124

697

55.2

44.8

1.04 (1.00–1.08) per 10 beats/min
increase

124–141

739

58.1

41.9

≥141

672

59.4

40.6

<9.8

615

66.0

34.0

9.8–12.4

652

66.6

33.4

≥12.4

652

55.5

44.5

<7.32

591

84.8

15.2

7.32–7.41

686

58.5

41.5

≥7.41

640

46.7

53.3

<5.7

607

34.8

65.2

5.7–8.2

597

65.0

35.0

≥8.2

619

88.2

11.8

Age (years)

Steroid treatment in previous 6 months

CPR within 24 hours before admission

Neurological insult in first 24 hours

Highest heart rate (beats/min)

Lowest PaO2 (kPa)
0.83 (0.76–0.91) per 5 kPa
increase

pH from ABG with lowest PaO2
0.99 (0.99–1.00) per pH 0.1
increase

PaCO2 from ABG with lowest pH (kPa)
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6.61 (5.21–8.40) per 5 kPa
increase
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Table 4 (Continued)
Univariate analyses of individual patient factors in relation to receipt of mechanical ventilation in the first 24 hours after admission
to the Case Mix Programme unit
Acute Physiology Score
0–8

682

41.4

58.6

9–12

620

60.3

39.7

13+

602

80.6

19.4

0–10

621

39.8

60.2

11–15

626

58.8

41.2

16+

657

80.1

19.9

1.18 (1.16–1.21) per 1 point
increase

APACHE II score
1.15 (1.13–1.17) per 1 point
increase

aExcluding

admissions missing the specified factor. bIn first 24 hours after admission to the Case Mix Programme (CMP) unit. ABG, arterial blood
gas; APACHE, Acute Physiology and Chronic Health Evaluation; CI, confidence interval; CPR, cardiopulmonary resuscitation; OR, odds ratio;
Paco2, arterial carbon dioxide tension; Pao2, arterial oxygen tension.

Table 5
Multiple logistic regression model of patient factors in relation to receipt of mechanical ventilation in the first 24 hours after
admission to the Case Mix Programme unit
Adjusted OR (95% CI)
Patient factora

Before adjustment for APACHE II score
(n = 1795)b

After adjustment for APACHE II score
(n = 1656)c

Age (10 years)

1.12 (1.05–1.19)

1.05 (0.96–1.14)

Steroid treatment in previous 6 months

1.00 (0.73–1.38)

0.82 (0.57–1.17)

CPR within 24 hours prior to admission

4.09 (2.10–7.97)

3.65 (1.81–7.36)

12.45 (5.65–27.46)

10.75 (4.23–27.31)

Highest heart rate (10 beats/min)

1.00 (0.95–1.06)

0.94 (0.88–1.00)

Lowest PaO2 (5 kPa)

0.82 (0.72–0.92)

0.80 (0.70–0.92)

pH from ABG with lowest PaO2 (pH 0.1)

1.00 (0.99–1.00)

1.00 (0.99–1.00)

PaCO2 from ABG with lowest pH (5 kPa)

5.72 (4.46–7.34)

5.22 (4.02–6.77)

-d

1.05 (1.02–1.08)

Neurological insult in first 24 hours

APACHE II score (1 point)
aReported

odds ratio is for an increase (indicated in parentheses) in the associated continuous factor. bExcluding admissions who were
readmissions to intensive care unit within the same hospital stay, admissions whose ultimate hospital discharge status was missing and
admissions for whom any of the entered risk factors were missing. cExcluding (in addition to exclusions described in footnote b) admissions not
eligible for Acute Physiology and Chronic Health Evaluation (APACHE) II score. dFactor not entered into the multiple logistic regression model.
ABG, arterial blood gas; CI, confidence interval; CPR, cardiopulmonary resuscitation; Paco2, arterial carbon dioxide tension; Pao2, arterial oxygen
tension.

older than 45 years. In these analyses, the diagnosis of asthma
was based on the recorded primary or secondary reason for
admission to ICU. COPD remains an important confounder
that cannot be totally negated when considering the population, uncensored for age. It must be recognized, however, that
many admissions with a long history of asthma develop a clinical phenotype that is often indistinguishable from that of
smoking-induced COPD in later life. Furthermore, information

on disease history (such as age of onset of asthma or amount
of maintenance therapy), management, ventilation strategies,
complications and detailed evolution of the condition within
the ICU stay are not collected as part of the CMP.

Conclusion
Acute severe asthma is a relatively infrequent cause of admission to ICU in the UK; it results in short ICU stays and has limS22
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ited impact on the global allocation of ICU resources. The
outcome is generally good for younger patients who have not
suffered a cardiorespiratory arrest. Mortality increases markedly in patients who have received CPR within the 24 hours
before admission, in those who suffer a neurological insult during the first 24 hours in ICU and in older patients.
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