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ABSTRACT: Sudden-onset asthma exacerbations may have different triggers and
responses to treatment than slower-onset exacerbations. The authors studied this
hypothesis among patients with severe asthma exacerbations.

The Multicenter Airway Research Collaboration prospectively enrolled patients
presenting to 64 North American emergency departments with asthma exacerbations.
Of 1,847 patients aged 18±54 yrs, 900 had severe exacerbations (peak expiratory flow
rate (PEFR) <50% predicted or hospitalized without PEFR). These patients were
divided into sudden-onset (#3 h of symptoms) and slower-onset (>3 h of symptoms)
groups.

Fourteen per cent (95% confidence interval, 11±16%) of patients with severe
asthma exacerbations had sudden-onset exacerbations. Sudden-onset patients were
similar to slower-onset patients, except triggers of their exacerbations were more often
respiratory allergens, exercise or psychosocial stress and less often respiratory
infections. Sudden-onset patients were more likely to have used oral b-agonists and
salmeterol in the preceding 4 weeks. Although initial PEFRs and management
were similar, sudden-onset patients had a greater improvement in PEFR (35 versus
28% p<0.001). Sudden-onset patients were less often discharged on systemic corti-
costeroids, but had similar 2-week relapse rates compared with slower-onset pa-
tients.

Among patients presenting with severe asthma exacerbations, sudden-onset exa-
cerbations had a different pattern of triggers and greater improvement with treatment
than slower-onset exacerbations.
Eur Respir J 2000; 15: 266±273.

*General Medicine Division and +Dept of
Emergency Medicine, Massachusetts Gen-
eral Hospital, Boston, MA, USA. #Chan-
ning Laboratory, Dept of Medicine,
Brigham and Women's Hospital, Harvard
Medical School, Boston, MA, USA.
##Division of Pulmonary and Critical
Care Medicine, Dept of Medicine, Uni-
versity of California at San Francisco, San
Francisco, CA, USA.

Correspondence: R.G. Barr, 50 Staniford
Street, 9th Floor, Massachusetts General
Hospital, Boston, MA 02114, USA. Fax: 1
6177243544

Keywords: Asthma exacerbation, sudden-
onset, triggers

Received: June 28 1999
Accepted after revision October 17 1999

R.G. Barr is supported by National Rese-
arch Service Award PE-11001 (Bethesda,
MD, USA). P.G. Woodruff was supported
by grant HL-07427 and C.A. Camargo Jr.
is supported by grant HL-03533, both
from the National Institutes of Health
(Bethesda, MD, USA). The Multicenter
Airway Research Collaboration is sup-
ported by unrestricted grants from Glaxo-
Wellcome Inc. (Research Triangle Park,
NC, USA) and Monaghan Medical Cor-
poration (Syracuse, NY, USA).

Sudden-onset asthma exacerbations may represent a
distinct clinical entity from exacerbations that present with
a slower onset of symptoms [1]. Sudden-onset exacerba-
tions have been defined previously by the development of
severe airway obstruction within 1.5 h [2] or 3 h of the
onset of symptoms [3±5]. A subset of patients with fatal
asthma present with sudden-onset symptoms, and patients
with severe sudden-onset exacerbations may share char-
acteristics with these patients [5±9].

Prior studies have suggested that sudden-onset asthma
exacerbations are less often triggered by respiratory infec-
tions and have a faster response to therapy compared with
slower-onset exacerbations [3±5, 10], however those
studies were retrospective and relatively small. In the
present study, the authors describe the clinical features,
response to therapy, and 2-week follow-up of adults with
severe, sudden-onset asthma exacerbations who were pros-
pectively enrolled and followed as part of a large, multi-
centre cohort.

Methods

This study combined data from four prospective co-
hort studies performed in October 1996 to December
1996, April 1997 to June 1997, October 1997 to Decem-
ber 1997, and March 1998 to April 1998 as part of the
Multicenter Airway Research Collaboration (MARC) [11].
Using a standardized protocol, investigators at 64 emer-
gency departments (ED) in the USA and Canada provided
24-h-a-day coverage for a median of 2 weeks. Inclusion
criteria were physician diagnosis of asthma exacerbation,
age 18±54 yrs, and the ability to give informed consent.
Repeat visits by individual subjects were excluded. Pa-
tients with lost medical records (n=25) were excluded
because a diagnosis of asthma could not be confirmed.
All patients were managed at the discretion of the trea-
ting physician. Of 2,496 eligible patients, 1,847 (74%)
patients were enrolled. The institutional review board
at each of the 64 participating hospitals approved the
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study, and informed consent was obtained for all
participants.

For the present analysis, the cohort was restricted to
patients with severe asthma exacerbations. A severe asth-
ma exacerbation was defined according to the National
Asthma Education and Prevention Program (NAEPP) crit-
eria [12] as presentation with a peak expiratory flow rate
(PEFR) <50% of predicted. In addition, patients who
were hospitalized for asthma but did not have an initial
PEFR measurement were considered to have had a severe
exacerbation.

Sudden-onset exacerbations were defined as presenta-
tion to the ED within 3 h of the onset of symptoms; slower-
onset exacerbations were defined as presentation after 3 h
of asthma symptoms.

Data collection

Investigators conducted the ED interview with a stan-
dardized questionnaire to assess patients' demographic
characteristics, asthma history, and details of the current
asthma exacerbation. The interview was distinct from cli-
nical history-taking, and investigators did not participate in
clinical decision-making. Data on ED management and
disposition were obtained by chart review. Follow-up data
were collected by telephone interview 2 weeks later. All
forms were reviewed by site investigators before submis-
sion to the MARC Coordinating Centre in Boston, MA,
USA, where they underwent further review by trained
personnel and then double data entry.

Patients' median household incomes were estimated as
the median household income of the Zip code of residence
[13]. Primary care provider status was assigned on the
basis of the following question: "Do you have a primary
care provider (such as a family doctor, internist, or nurse
practitioner)?" Post-ED treatment failure was assigned to
patients who reported "severe symptoms" during the 24 h
preceding the follow-up interview (asthma symptoms
"most of the time" or "severe" discomfort and distress
due to their asthma) or who stated that their asthma was
"about the same" or worse than at the time of their ED
presentation.

PEFR was expressed as percentage of patient's predicted
value, based on race, age, sex, and height [14]. Changes in
PEFR were expressed as the absolute change in percen-
tage of predicted (e.g., an improvement from 40±70 %
pred would be expressed as a change of 30%).

Patients were asked to list all usual asthma triggers using
a standardized list of potential triggers: respiratory infec-
tions, environmental allergens (e.g. dust, pets, pollen), to-
bacco smoke, other environmental factors (e.g. perfumes,
paint, pollution, weather changes, cold air), exercise, in-
gested substances (e.g. aspirin, sulfites, food), reproductive
factors, psychological stress, and other factors. Patients
were then asked to identify a single trigger of their current
asthma exacerbation.

Statistical analysis

Analyses were performed using STATA 5.0 (StataCorp,
College Station, TX, USA) and SAS 6.12 (SAS Institute,
Cary, NC, USA). Data are presented as proportions (with
95% confidence intervals (CI)), means (with SD), or
medians (with interquartile range (IQR)). The association

between duration of symptoms (sudden onset, #3 h;
slower onset, >3 h) and other factors was examined using
Chi-squared test, Student's t-test, and Wilcoxon rank sum
test, as appropriate. Clinically relevant variables, such as
age and sex, and variables associated with sudden onset at
a p-value #0.10 were evaluated for inclusion in multi-
variate logistic regression models. Logistic regression was
used to model the association between triggers of current
exacerbation and sudden-onset exacerbations after adjust-
ment for covariates. Logistic regression was also used to
examine the relationship between sudden-onset exacerba-
tion and hospital admissions and relapse. Linear regression
was used to model the relationship between sudden-onset
exacerbation and change in PEFR. All odds ratios are
presented with 95% CI. All p-values are two-tailed, with
p<0.05 considered statistically significant.

Results

Demographic factors

Of 1,847 patients enrolled in MARC, 900 patients had
severe asthma exacerbations. Of these patients, 125 (14%,
95% CI 11±16%) had sudden-onset exacerbations. Patients
with sudden-onset exacerbations were similar to patients
with slower-onset exacerbations with respect to age, sex,
and race/ethnicity (table 1). Measures of socioeconomic
status were comparable between the two groups.

Chronic asthma severity

Table 1 also shows that indices of chronic asthma sever-
ity were alike for sudden-onset and slower-onset patients.
The two groups had similar rates of childhood asthma,
hayfever, current smoking and coexistent chronic obst-
ructive pulmonary disease (COPD); they also had similar
histories of systemic corticosteroid use, hospitalization
and intubation. In the 12 months preceding presentation,
the two groups had similar numbers of asthma-related
urgent clinic visits, ED visits, and hospitalizations.

In the 4 weeks preceding presentation, proportions using
inhaled b-agonists, inhaled corticosteroids and systemic
corticosteroids were virtually the same, however a higher
proportion of patients with sudden onset used oral b-
agonists. The sudden-onset group exhibited a trend toward
using more salmeterol and less anticholinergics and theo-
phylline.

Usual triggers of exacerbations differed between the two
groups. Sudden-onset patients reported that asthma exa-
cerbations were triggered less often by upper respiratory
infections and more often by exercise and psychosocial
stress compared with patients with slower-onset exacer-
bations.

Acute triggers and presentation

Triggers of the current exacerbation also differed by
duration of symptoms. The trigger of sudden-onset exacer-
bations was less often upper respiratory infection and more
often respiratory allergens, tobacco smoke, exercise, and
psychological stress (table 2). Ingested substances, men-
struation, and medication noncompliance were reported
infrequently and did not differ by duration of symptoms.
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The presentation of sudden-onset patients was other-
wise similar to that of slower-onset patients. Time of pre-
sentation, treatment prior to arrival in the ED, and triage
vital signs did not differ between the two groups. Mean
initial PEFR (% pred) was severely and equally reduced in
both groups.

Multivariate predictors of sudden-onset exacerbation

In the multivariate analysis, the associations of present-
ing triggers and sudden-onset exacerbations persisted after
adjustment for age, sex, race/ethnicity, education, and
insurance status (table 3). Respiratory allergens, tobacco
smoke, exercise and psychological stress all were sig-
nificantly more likely to trigger sudden-onset exacerba-
tions than were respiratory infections. Odds ratios did not
materially change after adjustment for markers of chronic
asthma severity, except for the association of sudden-
onset exacerbations with tobacco smoke, which was con-
founded by chronic asthma severity.

In addition, the use of oral b-agonists and salmeterol in
the preceding 4 weeks were associated with sudden-onset
exacerbations. The association between salmeterol with
sudden-onset exacerbations was negatively confounded by
socioeconomic status and demographics, the odds ratio
increased from 1.6 (95% CI 0.9±2.9) to 2.0 (95% CI 1.1±
3.6) with this adjustment. In contrast, anticholinergics and
theophylline were not significantly associated with sudden-
onset exacerbations in the multivariate model. Disease
severity did not change the strength of the associations of
oral b-agonists and salmeterol with sudden-onset exacer-
bations. Sudden-onset exacerbations were, in fact, nega-
tively associated with a history of steroid use. Adjustment
for several other measures of chronic asthma severity, in-
cluding continuous oral steroid use, number of urgent cli-
nic visits, ED visits, and admissions for asthma in the
preceding year, did not change the associations appreciably
(data not shown).

Course and treatment response

Once in the ED, treatments given to patients with
sudden-onset and slower-onset exacerbations were statis-
tically similar, although the trends suggested that sudden-
onset patients required less treatment than slower-onset
patients (table 2).

Fewer patients with sudden-onset exacerbations re-
quired admission to the hospital (26 versus 35%; p=0.07),
although this difference did not reach statistical signifi-
cance. This difference did not change appreciably after
adjustment for covariates. Among those discharged from
the ED, fewer patients with sudden-onset exacerbations
were prescribed systemic corticosteroids.

Despite similar treatments, patients with sudden-onset
exacerbations had a higher final mean PEFR and a larger
absolute change in PEFR than patients with slower-onset
exacerbations (table 2). Sudden-onset exacerbations had a
7.5% greater absolute change in PEFR than slower-onset
exacerbations. After adjustment for potential confoun-
ders, this difference did not materially change (table 4).

Table 1. ± Demographic and chronic asthma character-
istics of patients with severe acute asthma according to
duration of symptoms

Sudden-
onset
#3 h

Slower-
onset
>3 h

p-value

n 125 775
Demographic factors
Age yrs, mean�SD 34�10 35�10 0.32
Female % 51 59 0.12
Race/ethnicity % 0.41
White 19 22
African-American 57 51
Hispanic 23 25
Other 1 3

High school graduate % 63 69 0.18
Estimated household
income US$, median IQR

30400
(20000±
37900)

27000
(19000±
36900)

0.26

Insurance status % 0.52
Private 26 29
Medicaid 34 27
Other public 11 11
None 30 33

Primary care provider
status %

58 65 0.14

Chronic asthma factors
Childhood diagnosis
of asthma <18 yrs %

61 58 0.50

Hayfever % 63 59 0.41
Current smoker % 28 32 0.34
Coexistent COPD % 1 2 0.49
Ever taken systemic
steroids for asthma %

69 75 0.21

Ever hospitalized for
asthma %

66 65 0.79

Ever intubated for
asthma %

21 17 0.25

No. of urgent clinic
visits in past year,
median (IQR)

0
(0±2)

0
(0±2)

0.59

No. of ED visits in
past year, median (IQR)

3
(1±6)

2
(0±5)

0.10

Admitted for asthma in
past year %

41 32 0.07

Use of medication for asthma in preceding 4 weeks %
Inhaled b-agonist 87 88 0.77
Inhaled corticosteroid 43 45 0.75
Systemic corticosteroid 29 30 0.84
Salmeterol 13 8 0.10
Oral b-agonist 16 10 0.03
Anticholinergic 5 9 0.09
Theophylline 10 17 0.07

Usual asthma triggers %*
Upper respiratory infection 77 86 0.02
Respiratory allergens
(dust, pets, pollen, etc.)

78 75 0.54

Tobacco smoke 67 58 0.09
Environmental factors
(cold, pollution, paint, etc.)

84 81 0.42

Exercise 60 45 0.006
Ingested substances
(aspirin, sulfites, etc.)

27 24 0.44

Menstruation 9 7 0.39
Psychosocial stress 68 54 0.008

IQR: interquartile range; ED: emergency department. *: restrict-

ed to patients participating in two cohorts (n=639), respondents

were asked to list all that applied.
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Two-week follow-up events

Two-week follow-up data were available for 626 pa-
tients (70%); patients for whom follow-up data were
available had comparable mean ages, duration of symp-
toms and hospitalization rates to patients without follow-up
data, but were more frequently female (63 versus 46%;
p=0.001) and less frequently African-American (49 versus
58%; p=0.01).

Among patients hospitalized for their asthma exacerba-
tion, length of stay was shorter in patients with sudden-
onset exacerbations (table 5). Among patients sent home
from the ED, the risks of relapse and on-going exa-
cerbation (treatment failure) were alike between patients
with sudden-onset and slower-onset exacerbations. Risk
of relapse and treatment failure remained comparable
after adjustment for potential negative confounders (data
not shown).

Discussion

This prospective, multicentre study demonstrates that, in
patients with severe asthma exacerbations, sudden-onset
exacerbations are more likely to be triggered by respiratory
allergens, exercise and psychological stress and less likely
to be triggered by upper respiratory infections. In addition,
patients with sudden-onset exacerbations demonstrate gre-
ater improvement with therapy, with no increase in sub-
sequent risk of relapse or treatment failure.

The percentage of patients with severe asthma who
presented with sudden-onset exacerbations in this study
matched previously published estimates. In two smaller
studies of patients with severe asthma exacerbations who
did not require intubation, the percentages with sudden
onset were 13% and 17% [4, 15]. Among patients with
more severe presentations, the reported per cent with sud-
den onset has been greater: in series of intubated patients,
7±29% had sudden onset [3, 5], and in surveys of fatal
asthma, 15±58% had sudden onset [7, 16].

WOODRUFF et al. [4] retrospectively described sudden-
onset exacerbations and found that they were less likely
to be triggered by respiratory infections (17 versus 40%)
and more likely to have "unknown triggers". The present
study prospectively confirmed that respiratory infections
were less common triggers of sudden-onset exacerbations
(25 versus 40%), and identified potential unknown trig-
gers as respiratory allergens, psychological stress and ex-
ercise. These associations were independent of each other
and did not change after adjustment for disease severity.
Tobacco smoke was also associated with sudden-onset
exacerbations, however this finding was attributable to
differences in chronic asthma severity.

The principal prior evidence for the link between
respiratory allergens and sudden-onset asthma exacerba-
tions comes from the outbreaks of soybean-associated
asthma in Barcelona, Spain [17]. Triggering of sudden-
onset exacerbations by soybeans is mediated by a specific
immunoglobulin (Ig)E reaction to at least two allergens
on the hull of the soybean [18±20]. Patients with such
soy-related asthma had rapid improvement with treatment
and had fewer symptoms of asthma and fewer emergency
visits for asthma during 2 yrs of follow-up [21]. In the
USA, skin-test reactivity and IgE antibodies to the air-
borne spores of the Alternaria alternata were associated
with a 200-fold increase in the risk of sudden-onset (<90
min) respiratory arrest from asthma [22]. The current
study was not designed to investigate specific respiratory
allergens, but rather shows that respiratory allergens
contribute to sudden-onset exacerbations in a general
sample of patients presenting with severe asthma to EDs
across North America.

Table 2. ± Acute asthma presentation and emergency
department course, according to duration of symptoms

Sudden-
onset
#3 h

Slower-
onset
>3 h

p-value

n 125 775
Trigger of current exacerbation %* 0.003
Upper respiratory infection 25 40
Respiratory allergens
(dust, pets, pollen)

16 11

Tobacco smoke 4 2
Exercise 6 2
Psychosocial stress 12 6
Other{ 38 38

Presentation
Time of presentation to triage % 0.59
00:00±06:00 15 14
06:00±12:00 37 32
12:00±18:00 24 26
18:00±24:00 24 29

No. of inhaled b-agonist puffs
in 6 h prior to arrival to
triage, median (IQR){

4
(0±14)

5
(0±12)

0.36

Received other pre-emergency
department treatment %

12 11 0.86

Initial respiratory rate
(breaths.min-1), mean�SD

24�5 25�6 0.64

Initial PEFR (% predicted),
mean�SD

33�9 34�10 0.42

Emergency department course
No. of inhaled b-agonists
in first hour, mean�SD

2.0�1.0 2.0�0.9 0.72

Total no. of inhaled
b-agonists, mean�SD

3.3�1.8 3.7�2.3 0.06

Received steroid treatment % 69 76 0.08
Received other asthma
treatment %

30 34 0.43

Final PEFR (% predicted),
mean�SD

68�20 62�20 0.001

Change in PEFR
(% predicted), mean�SD

35�19 28�19 <0.001

Length-of-stay (min),
median (IQR)

176
(125±260)

194
(132±280)

0.09

Admitted to hospital % 26 35 0.07
Sent home on systemic
corticosteroids %1

60 75 0.02

IQR: interquartile range; PEFR: peak expiratory flow rate. *:
restricted to patients participating in two cohorts (n=640); res-
pondents were asked to name a single trigger of presenting
exacerbation; {: other includes ingested substances, environ-
mental factors (cold, pollution, paint, etc.), menstruation, medi-
cation noncompliance, no identifiable or multiple triggers; {:
each nebulizer treatment was counted as equivalent to six
"puffs" from a metered-dose inhaler; 1: restricted to patients sent
home from the emergency department (n=566).
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There is less literature on the mechanisms that relate
psychological stress and exercise to sudden-onset asthma.
Psychological stress may cause bronchospasm via mast
cell degranulation [23] and cholinergic pathways [24],
both of which would be expected to result in a rapid onset
of symptoms. Abrupt cessation of exercise induces a fall
in forced expiratory volume in one second (FEV1) of up
to 50% in certain subjects within 10±20 min of the ces-
sation of activity [25]. This phenomenon has been clearly
demonstrated experimentally, but has not, to the authors'
knowledge, previously been correlated with presentations
of sudden-onset exacerbations.

Ingested substances and nonsteroidal anti-inflammatory
drugs also have been described as precipitants of sudden-
onset exacerbations in case series [26]. In the current study,
reported ingested substances were too rare to evaluate
with respect to sudden-onset exacerbations. This study
does, however, suggest that ingested substances are an in-
frequent cause of severe asthma exacerbations in a relat-
ively large sample of patients presenting with acute asthma.

Despite identical initial PEFR, patients with sudden-
onset exacerbations had a 7.5% greater absolute improve-
ment in PEFR than patients with slower-onset exacerba-
tions. This difference is clinically significant given that
patients in this study presented with a mean PEFR of 33%
pred; a 7.5% absolute increase from this baseline repre-
sents a 23% relative increase in PEFR. The difference was
not due to milder exacerbations or earlier presentation in a
slower-onset exacerbation of equal severity, since peak
flows at triage were identical in sudden-onset and slower-
onset patients. Nor was the difference due to differential
treatment: sudden-onset patients showed a trend toward
requiring fewer b-agonists treatments and less systemic
corticosteroids.

The greater improvement in PEFR carried over to a
trend toward less hospitalization in patients with sudden-
onset exacerbations and a shorter length of stay in those
hospitalized. Furthermore, it was not associated with

Table 4. ± Multivariate association of sudden-onset asth-
ma exacerbation with absolute change in percentage of
predicted peak expiratory flow rate

Absolute change in
PEFR attributable
to sudden-onset % 95% CI p-value

Crude 7.5 3.5±11 <0.001
Adjusted for age 7.3 3.4±11 <0.001
Adjusted for age,
initial PEFR 7.1 3.2±11 <0.001

Fully adjusted 5.4 1.0±9.7 0.02

PEFR: peak expiratory flow rate; CI: confidence interval. *:
adjusted for age, initial PEFR, sex, race, education, neighbour-
hood median household income, insurance status, primary care
physician, age at asthma diagnosis, coexistent chronic ob-
structive pulmonary disease, admission in the preceding year,
number of b-agonists prior to triage, number of b-agonists given
in emergency department and steroid given in emergency
department.

Table 5. ± Follow-up at 2 weeks according to duration of
symptoms*

Sudden-
onset
#3 h

Slower-
onset
>3 h

p-value

n 85 541
Hospital length of stay

(days), median (IQR)
2

(1±3)
3

(2±4)
0.05

Relapse within 48 h %{ 6 3 0.19
Relapse within 14 days % 13 14 0.85
Treatment failure %{ 25 21 0.46

IQR: interquartile range. *: Two week follow-up was available
for 626 patients (70% of cohort); {: relapse event based on
patient reporting a "worsening of asthma symptoms" that led to
an urgent care visit; {: post-emergency department treatment
failure was assigned to patients who reported "severe symp-
toms" during the 24 h preceding the follow-up interview (asth-
ma symptoms "most of the time" or "severe" discomfort and
distress due to their asthma) or who stated that their asthma was
"about the same" or worse than at the time of their emergency
department presentation.

Table 3. ± Multivariate predictors of sudden-onset asthma exacerbation

Parameters
Model 1 Model 2

MOR 95% CI p-value MOR 95% CI p-value

Trigger of current exacerbation
Upper respiratory infection 1.0 - - 1.0 - -
Respiratory allergens (dust, pets, pollen, etc.) 2.7 1.3±5.8 0.008 2.8 1.3±6.0 0.007
Tobacco smoke 3.8 1.1±13 0.04 2.6 0.6±11 0.18
Exercise 6.9 2.2±22 0.001 8.3 2.5±28 <0.001
Psychosocial stress 4.0 1.7±9.4 0.001 4.3 1.8±10 <0.001
Other{ 1.6 0.9±2.9 0.13 1.5 0.8±2.8 0.16

Salmeterol during the past 4 weeks 1.9 1.0±3.5 0.05 1.9 1.0±3.6 0.06
Oral b-agonist during past 4 weeks 1.8 1.0±3.2 0.05 1.9 1.1±3.6 0.03
Ever taken systemic steroid medicine for asthma 0.6 0.4±0.9 0.03
Admitted for asthma in past year 1.5 1.0±2.4 0.08

MOR: multivariate odds ratio; CI: confidence interval. {: other includes ingested substances, environmental factors (cold, pollution,
paint, etc.), menstruation, medication noncompliance, no identifiable or multiple triggers. Other triggers of asthma are compared to the
trigger of "Upper respiratory infection", therefore upper respiratory infection is the reference value for the MOR associated with other
triggers (and hence has no confidence interval). Model 1 includes variables listed as "parameters" (trigger, salmeterol and oral b-
agonist), plus age, sex, race, education and insurance status. Model 2 includes variables listed as "parameters" (trigger, salmeterol, oral
b-agonist, systemic steroid ever, and asthma hospital admission in last year), plus age, sex, race, education and insurance status.
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higher rates of treatment failure or relapse over the fol-
lowing 2 weeks. The finding of greater reversibility of
airflow obstruction is consistent with prior smaller studies
[3±5, 10, 15, 27].

The combination of a distinct pattern of triggers and
rapid reversibility suggests that sudden-onset asthma
exacerbations may represent a distinct entity as compared
to slower-onset asthma exacerbations. Various studies have
suggested that sudden-onset exacerbations are immuno-
histologically distinct from slower-onset exacerbations.
Patients who died from sudden-onset exacerbations had
fewer eosinophils and more neutrophils in the airway
submucosa than patients who died of slower-onset exacer-
bations [28, 29]. Although lymphocyte numbers, airway
wall thickness, areas of smooth muscle and cartilage, and
the amount of smooth muscle shortening were similar in
these two groups, patients with sudden-onset asthma
death had greater mucous gland area than patients with
slower-onset asthma death [29]. Such an increase in gland
area, with discharge of mucus into the bronchioles, could
obstruct airflow if combined with moderate to severe bron-
chospasm. In addition, patients who died from sudden-
onset exacerbations appear to have a CD8+ T-cells
predominance and an inverted CD4:CD8 ratio, suggest-
ing that sudden-onset exacerbations are not just an
exaggeration of the immune response in chronic asthma
[30]. Interestingly, this distinct inflammatory reaction
occurred regardless of steroid therapy.

The findings of the independent associations of oral b-
agonists and salmeterol with sudden-onset exacerbations
were not specified a priori and should be interpreted with
caution. They may have resulted from confounding by in-
dication, that is, patients with more severe chronic bron-
chospasm might have been prescribed more intensive
b-agonist regimens [31]. Salmeterol has been associated
with increased ED visits, hospitalizations, and intensive
care unit admissions in bivariate analyses, much or all
of which has been explained by differences in chronic
asthma severity [32, 33]. Similarly, the association of oral
b-agonists among other medications with death and inten-
sive care unit (ICU) admission has been largely attributed
to differences in chronic asthma severity [34].

In the present analysis, patients with sudden-onset
exacerbations had similar or milder chronic asthma than
patients with slower-onset exacerbations. When the auth-
ors adjusted for measures of severity, the strength of the
association of salmeterol and oral b-agonists with sudden-
onset exacerbations did not change appreciably. In addition
to steroid use and recent hospitalization, the authors at-
tempted adjustment with all other available measures of
severity and found similar results. The only large double-
blinded randomized trial of salmeterol to measure mor-
tality found a large but statistically insignificant increase
in asthma mortality (RR 3.0, 95% CI 0.7±20) in the sal-
meterol group [35], however postmarketing surveys have
not replicated this result [36]. Further examination of the
safety and effectiveness of these drugs in chronic asthma
will not come from further observational studies such as
this one, but rather would require further clinical trials
with follow-up >4 months.

This study represents the largest cohort of patients with
sudden-onset asthma exacerbations of which the authors
are aware, and has other strengths including the pros-
pective collection of patients, enrollment at multiple

centres, and good rates of enrollment and follow-up.
However, it was not truly population-based and may there-
fore suffer from selection bias. Nonetheless, since most
North American patients with severe asthma exacerbations
present to EDs, the results should be applicable to most
patients with severe asthma exacerbations. Although data
were gathered prospectively, questionnaire items regarding
triggers were collected during the exacerbation, and there-
fore may be subject to recall bias. This could affect the
results if recall differed between patients with sudden and
slower-onset exacerbations. Also, the best measure of
chronic asthma severity, baseline chronic PEFR, was not
available. However, there were multiple questionnaire items
on chronic asthma severity and none differed between
sudden and slower-onset patients.

The definition of a severe asthma exacerbation is some-
what arbitrary. The authors' definition (PEFR <50 % pred)
reflects the most recent NAEPP guidelines. Defining sev-
ere exacerbations according to the prior NAEPP guide-
lines (PEFR #40 % pred) produced quantitatively similar
results, as did the exclusion of patients who were hospi-
talized without PEFR measurement.

Despite these limitations, this study confirms that severe
sudden-onset asthma exacerbations, if treated promptly
and aggressively, have similar outcomes as slower-onset
exacerbations after discharge from the emergency depart-
ment. The difference in triggers suggests a difference in
aetiology; further work is needed to correlate the epidemi-
ological evidence with pathological distinctions observed
thus far. Ultimately, these distinctions may allow identi-
fication of patients at risk for sudden-onset "asphyxic"
asthma with the goal of prevention and early management.
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