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ABSTRACT: The onset of fatal and near-fatal asthma attacks can be rapid. The
objective of this study was to determine the frequency and clinical characteristics of
rapid-onset asthma (ROA) in patients suffering fatal and near-fatal crises.

Two-hundred and twenty patients with fatal or near-fatal attacks were enrolled in a
multicentre, prospective study. ROA was defined as a crisis developing in <2 h. Data on
patient and clinical characteristics were collected, and spirometric and allergy studies
were performed when the patients were in a stable condition.

Forty-five attacks (20%) were ROA and 175 (80%) were slow-onset asthma (SOA).
The triggers for SOA and ROA attacks were different, with the ROA group having a
significantly lower rate of suspected respiratory infection (7% versus 38%), higher rates
of fumelirritant inhalation (9% versus 1%) and a higher intake of nonsteroidal anti-
inflammatory drugs (14% versus 3%). The ROA group exhibited significantly higher
rates of impaired consciousness (63% versus 44%), absence of lung sounds upon
admission (68% versus 42%), fewer hours of mechanical ventilation (13 h versus 28 h)
and fewer days of hospitalization (8 days versus 9.5 days) than the SOA group.

The 20% frequency of rapid-onset fatal and near-fatal attacks in this study suggests
that rapidly developing attacks may not be rare. These findings also support a distinct
clinical profile for rapid-onset asthma marked by differences in triggers, severity of
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Early studies of fatal asthma attacks described them
as having a single clinical picture [1-3]. WASSERFALLEN
et al. [4], however, identified a rapid-onset asthma
(ROA) attack developing in <2 or 3 h in contrast to
more gradually developing slow-onset asthma (SOA).
ROA has been suggested to have a particular clinical
course, with rapid impairment and occasionally fatal
outcome, although improvement is also rapid when
the course is favourable [4]. A classification based on
those and other findings has been proposed by Picapo
[5]. More neutrophils than eosinophils are known to
infiltrate the bronchial submucosa [6] in ROA than
in SOA, and ROA is reported to occur in the presence
of a higher number of CD8+ T-cells than is seen in
stable asthma [7].

Nevertheless, studies supporting the existence of
ROA are limited or controversial. Either they rely
on isolated clinical observations [8, 9], were designed
retrospectively [10], or enrolled patients with severe
asthma exacerbation (peak expiratory flow (PEF)
<50% without respiratory acidosis), without including
fatal or near-fatal cases [11, 12]. In most studies,
the patient’s clinical condition before the near-fatal
attack was not documented thoroughly. Their results,
therefore, are often contradictory or inconsistent. For
example, BARR ef al [11] observed that 14% of their
patients (125 of 1,847) suffered an asthma attack
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established in <3 h, and that this subgroup had a
different pattern of triggers and greater improvement
with treatment than patients whose attacks proceeded
more gradually. In a smaller study, however, KoLBE
et al. [13] found that only 8% of patients with severe
asthma exacerbation experienced an onset develop-
ing in <6 h and reported that no specific clinical
course could be discerned for this group. Therefore,
in spite of recent papers describing the risk factors
for suffering a fatal or near-fatal asthma crisis [14, 15],
the existence and prevalence of ROA as a distinct
clinical event continue to be debated. The confirma-
tion of ROA as a clinically relevant category might
have valuable implications for the prevention and
treatment of potentially fatal asthma.

The present study was designed to determine the
frequency and clinical characteristics of ROA in
patients suffering a fatal or near-fatal asthma crisis.
To ascertain the character of a true near-fatal asthma
crisis, arterial blood gases were also evaluated on
admission to the Emergency Room.

Methods

This prospective, descriptive, hospital-based and
multicentre study enrolled asthmatics of both sexes
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aged =5 yrs, who had experienced a fatal or near-
fatal asthma attack and were treated at one of 33
local or referral hospitals participating in the study.
Patients fulfilled the American Thoracic Society
(ATS) diagnostic criteria for asthma [16]. A fatal or
near-fatal crisis was defined as a severe asthma
exacerbation with at least one of the following
events: 1) respiratory arrest; 2) the need for mecha-
nical ventilation; 3) hypercapnia with arterial carbon
dioxide tension >6.65 kPa (50 mmHg), and/or respira-
tory acidosis with pH <7.30; or 4) death. Exclusion
criteria were concomitant acute serious illness, parti-
cularly cardiopathy, and inability to distinguish
asthma from chronic obstructive pulmonary disease
with bronchial hyperresponsiveness.

ROA was defined as an asthma exacerbation in
which a patient in a previously stable condition
sought a physician’s help within 2 h of the onset of
symptoms. A cut-off time of 2 h was chosen because
studies suggest that different pathogenic mechanisms
are involved in fatal asthma crises that become
established in <2 h [6, 17]. Stable condition was
assumed when the patient reported not having the
need to increase the usual dose of anti-asthma
medication and not having experienced an increase
in the frequency or severity of symptoms prior to the
attack for which they sought assistance.

The 33 referral and local hospitals participated
voluntarily and were located in different parts of
Spain, representing widely differing rural and urban
regions. Together, the hospitals serve ~15 million
inhabitants, ~40% of the population of the country.
The Ethics Committee of each hospital approved the
study. Informed consent was obtained from patients
or their relatives.

Seventy-two variables were identified for data
collection, grouped under the following five headings.

Patient characteristics

Demographic and sociocultural data obtained by
interviewing the patient or a relative in case of death
or inability to cooperate.

Chronic asthma characteristics

Morbidity variables, asthma severity before the
fatal or near-fatal crisis according to the 1995 guide-
lines of the Global Initiative for Asthma [18],
spirometric values, anti-asthmatic drugs used, type
of medical control, presumptive intolerance to
nonsteroidal anti-inflammatory drugs (NSAIDs).
The information came from the patients’ attendant
physicians or previous hospital records. If records
were unavailable, the patient or a relative was
interviewed.

Characteristics of the fatal or near-fatal asthma crisis

Probable trigger, clinical data, eosinophil and
leukocyte counts, arterial blood gases and, when

feasible, PEF records obtained by standard proce-
dures. The information was obtained by interviewing
the patient or, in case of death or inability to respond,
a relative. Clinical data were used to confirm the
presence of ROA. Thus, ROA was ruled out if the
patient reported the need to increase the usual dose
of medication during the days preceding the attack
under study, or if the patient reported an increase
in the frequency or severity of symptoms during the
day and/or at night over the 10 days before secking
emergency care.

The suspicion of acute bronchial infection as the
asthma trigger was established when a patient’s
temperature was >37°C and cough, purulent
sputum, or both were present. When signs were
accompanied by lung radio-opacity, pneumonia was
diagnosed. The patient was questioned about NSAID
intake before the asthma crisis and when the answer
was affirmative and no other possible concomitant
cause was present, NSAID intake was presumed to
have triggered the attack. Fume inhalation was
considered to have been the trigger when the patient
or his family reported contact with toxic vapours or
gases (industrial fumes, bleach, sulphur) or potentially
irritant smoke (from fire or tobacco) immediately
before the attack. Providing other concomitant
causes were not present, an allergen was identified as
the cause when a patient with a history consistent
with allergy was reported to have had recent contact
with an allergen for which they also had a positive
skin-prick test or specific immunoglobulin (Ig)-E test.
Psychosocial stress was considered the trigger when
intense emotional situations were reported to have
occurred before the attack.

Course of the fatal or near-fatal crisis

The course of the crisis while the patient was inside
the hospital, including the possible need for mechani-
cal ventilation, complications or eventual death. The
information was recorded prospectively on each
patient’s hospital chart.

Studies performed in stable condition

Tests were conducted after hospital discharge and
while a patient was receiving 5-15 mg oral prednisone
daily. The tests used were: spirometry before and after
salbutamol inhalation, according to ATS recommen-
dations [19]; skin-prick test, according to standard
procedure [20] (for Dermatophagoides pteronyssinus,
grass and tree pollens, Parietaria judaica, cat and
dog dander, soybean dust, and Alternaria spp.);
enzyme-linked immunosorbent assay (ELISA; Unicap
Pharmacia, Upsala, Sweden) for determination of
total IgE and specific IgE serum levels (for soybean
dust and Alternaria spp.). Results of the skin-prick
test were considered positive when weal diameter was
>3 mm. The information under this heading was
obtained in follow-up visits scheduled after hospital
release.
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All data collected were sent to the coordinating
centre and systematically checked by one of the
investigators (J. Serrano). Crisis duration was care-
fully noted for each case by two investigators (J.
Serrano and V. Plaza). Additional patient informa-
tion was requested from the attending physician when
doubts arose. A patient was excluded from the
final analysis if information was incomplete. Informa-
tion was entered into a database and then double
checked.

A descriptive analysis of the sample was made using
all variables. Data were expressed as percentages
or mean+sp. For data with a non-Gaussian distribu-
tion (assessed by Kolmogorov-Smirnov test), medians
were used for analysis. Results for ROA and SOA
patients were compared using a Chi-squared test
for qualitative variables and either a t-test or Mann-
Whitney U-test for quantitative variables, depending
on their distribution. Risk of developing a ROA
attack was estimated by multiple logistic regression
analysis of the variables that had been found to be
significantly different between ROA and SOA pati-
ents in the bivariate analysis. A p-value <0.05 was
considered significant.

Results

Between April 1997-March 1999, 251 candidate
cases were treated at the participating hospitals.
Twelve patients did not fulfil the inclusion criteria
and were excluded. Three other excluded cases corre-
sponded to second near-fatal episodes in patients
who had already been enrolled. Another 13 patients

were discarded because the crisis onset time could not
be established clearly. Three patients <5 yrs of age
were also excluded. Therefore, the number of patients
included in the final analysis was 220, 20% (45) of
whom met the ROA criteria and 80% (175) met the
SOA criteria.

Table 1 shows patient and chronic asthma charac-
teristics. No significant differences in ROA and SOA
patient characteristics were observed. Likewise, no
differences were observed in the number of relatives
with asthma, smoking habits, years with asthma,
percentage of moderate or severe asthma or asthma-
related morbidity. However, ROA patients tended to
report presumptive NSAID intolerance as a trigger
for asthma more often than SOA patients, a differ-
ence that was at the limit of statistical significance
(p=0.051). Only 44% of patients in the sample were
under a physician’s regular care. No differences were
observed in use of anti-asthmatic drugs, for which
ROA and SOA patients had similar use rates and
dosages of inhaled or oral steroids.

Thirty-eight per cent of the 220 patients were
smokers or exsmokers when the fatal or near-fatal
attack occurred. However, only 33 (15%) of the 126
patients >50 yrs of age were smokers or exsmokers,
and only 13 (6%) of the 33 had been diagnosed with
asthma after age 35 yrs.

More fatal or near-fatal asthma attacks were seen
during winter and spring combined (60%) than in
summer and autumn combined (40%; p=0.005).
Although a large percentage of ROA cases occurred
in spring, as illustrated in figure 1, no significant
differences between the seasonal distribution of ROA
and SOA were observed.

Table 1.—Patient and chronic asthma characteristics before a fatal or near-fatal attack according to rapidity of onset

Rapid-onset asthma (<2 h) Slow-onset asthma (>2 h)  p-value
Subjects n 45 175
Patient characteristics
Age yrs 48121 50+21 NS
Male % 51 37 NS
High school education % 30 23 NS
Asthma characteristics
Yrs with asthma 17x11 21£15 NS
Relatives with asthma % 48 53 NS
Current smoker % 18 20 NS
Presumptive NSAID intolerance % 26 12 0.051
Moderate-to-severe asthma %" 89 94 NS
Past ED visits for asthma % 93 95 NS
Past hospitalization for asthma % 59 61 NS
Past near-fatal crisis % 32 34 NS
Past endotracheal intubation for asthma % 9 15 NS
Number of ED visits for asthma in 1.1£1.5 1.2+1.8 NS
the past yr per patient
Number of hospitalizations for
asthma in the past yr per patient 0.6+1.2 0.56x1.1 NS
Currently in care of pneumologist or allergist % 48 58 NS
FEV1 % of reference value 73122 74125 NS
Regular use of inhaled corticosteroids % 60 57 NS
Regular use of oral corticosteroids % 21 25 NS

Data are presented as meantSD or percentages. NSAID: nonsteroidal anti-inflammatory drug; ED: emergency department;

FEV1: forced expiratory volume in one second; NS: nonsignificant.

(GINS) of 1995 [18].

#. Classification of the Global Initiative for Asthma
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Fig. 1.—Seasonal distribution of cases of fatal or near-fatal
asthma, by percentages of cases experiencing rapid- (<2 h; %) or
slow- (>2 h; [J) onset asthma.

Table 2 displays triggers, clinical data and course
of the fatal and near-fatal asthma attacks. Triggers
could be established or suspected in approximately
one-half of the cases. In 11 patients (5%), NSAID
intake was the cause of the fatal or near-fatal
asthma attack, six (14%) in ROA and five (3%) in
SOA groups. The NSAIDs identified were aspirin
(four cases), diclofenac (two), dexketoprofen (two),
naproxen (two), and ketorolac (one). No patient in
this study developed signs suggestive of anaphylactic
shock. In all patients, signs were consistent with a
diagnosis of severe asthma exacerbation. In this study,

allergen inhalation was the evident cause of asthma
exacerbation in only four cases. PEF was recorded on
admission for only 18% of the patients, probably
reflecting the severity of the asthma attacks under
study. The most frequently recorded severe complica-
tions reported (in 66 patients) were pneumothorax/
pneumomediastinum (nine patients), cardiac arrhy-
thmias (eight), pneumonia (seven), atelectasis (seven),
myopathy (seven) and sepsis (six). Infrequent compli-
cations were, diabetic acidosis, crisis of high blood
pressure, psychotic crisis, gastrointestinal bleeding,
glottic oedema, transaminase elevation, oral mycosis,
urine infection, cerebrovascular accident and death.
Patients came to the hospital by ambulance (52%) or
private vehicle (29%).

Table 3 shows the results of studies performed in
stable clinical condition, distributed by rapidity of
onset. Such studies were not performed in 15 cases
due to death or to cerebral anoxia, and in 24 patients
who did not return for follow-up or because a
given test was not available at a specific hospital
(i.e. specific IgE analysis). Sensitization to an allergen
was verified in 58% of the patients, with sensitization
to D. pteronyssinus being the most frequent (35%),
followed by grass pollen (22%), dog (18%) or cat
(13%) dander, Alternaria spp. (9%) and soybean dust
(4%).

Multiple logistic regression analysis for risk of
suffering a fatal or near-fatal ROA attack identified
the following variables to have the greatest weight:
absence of lung sounds (odds ratio (OR) 3.604;

Table 2. —Characteristics of fatal and near-fatal asthma attacks by rapidity of onset

Rapid-onset Slow-onset p-value
asthma (<2 h) asthma (>2 h)

Subjects n 45 175

Trigger suspected
Unknown % 51 47 NS
Respiratory infection % 7 38 ok
NSAID intake % 14 3 0.009
Fume inhalation % 9 1 0.003
Psychosocial stress % 5 2 NS

Clinical data
Respiratory arrest % 43 29 0.062
Impaired consciousness level % 63 44 0.026
Absence of lung sounds % 68 42 0.047
Tracheal intubation required % 56 48 NS
Respiratory rate per min 3418 22110 NS
Heart rate per min 113£21 117£21 NS
pH 7.13£0.15 7.1810.16 0.051
Pa,co, kPa 9.71+3.86 9.31+3.99 NS
Eosinophil count cellsx10°-L™! 459+413 5374927 NS
Leukocyte count cellsx10%-L"! 14.680+5.046 14.840+6.374 NS

Course
Total dose of systemic steroids in first 24 h mg 2631301 194+114 0.020
Days in hospital 8 (6) 9.5(7.7) 0.031
Days in ICU 1(2.7) 2 (4) 0.079
Hours under mechanical ventilation 13 (37) 28 (67) 0.005
Death % 22 5.7 NS
Severe neurological sequelae % 22 1.7 NS
Other major consequences % 22 31 NS

Data are presented as medians (interquartile-range), meanstsSD or as percentages. NSAID: nonsteroidal anti-inflammatory
drugs; Pa,CO,: arterial carbon dioxide tension; ICU: intensive care unit; NS: nonsignificant. ***: p<0.001.
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Table 3.—Follow-up studies performed after near-fatal attacks while patients were in stable clinical condition and receiving

<10 mg-day ™' of oral prednisone

Rapid-onset n’ Slow-onset n p-value
asthma (<2 h) asthma (>2 h)
Subject n 45 175
Immunological studies
Eosinophil counts cellsx10°-L™! 2234275 1744259 121 NS
Total IgE IU-mL™ 2671268 28 340579 116 NS
Positive skin-prick test™ 56 39 59 141 NS
Positive prick test and/or IgE to soybean dust % 4 39 7 142 NS
Positive prick test and/or IgE to Alternaria spp. % 15 39 9 142 NS
Spirometry
FEV1 % of reference value 73125 36 75+23 146 NS
AFEV1 postBD % 10.8%12.7 29 8.8+8.5 132 NS

Data presented as percentages or mediantsSD unless otherwise stated. IgE: Immunoglobulin-E; FEV1: forced expiratory

volume in one second; AFEV1

ostBD: % of FEV1 increase after inhaling salbutamol; Ns: nonsignificant. : to at least one of

the common allergens tested; ': number of patients in whom the study could be performed.

p=0.050) and lack of suspicion of respiratory infection
as the trigger (OR 0.036; p=0.018).

Discussion

To the authors’ knowledge this is the first prospec-
tive study to determine the frequency of rapid-onset
fatal and near-fatal asthma and to distinguish the
clinical characteristics of this entity. It was found
that ROA accounted for approximately one-fifth
of all the fatal and near-fatal crises studied. This
frequency was higher than the rates of 8% [13] and
11% [12] reported for series with less severe cases of
asthma exacerbation, but lower than the rates of 29%,
observed in a series of intubated patients [10], and
58%, in a study of patients who died due to asthma
crises [21]. These data also confirmed that ROA is
characterized by greater severity in course of attack,
as reported by KoLBE et al [13], although faster
improvement was also observed with treatment, and
a different pattern of triggers, as found by BARR ef al.
[11]. Specifically, suspected respiratory infection was a
trigger less often, whereas NSAID intake and gas
inhalation were more frequent in ROA than in SOA
patients. Together with previous observations [11, 12],
these results support the suggestion of Picapo [5] that
severe asthma exacerbations may be classfied accord-
ing to rapidity of onset.

ROA was associated with greater severity of fatal
or near-fatal crisis in this study but not with greater
severity of chronic disease prior to the attack. In
ROA patients, more instances of ominous clinical
signs were recorded (lower level of consciousness,
absence of lung sounds and greater need for intrave-
nous steroids during the first 24 h of admission).
KoLBE et al [13] also reported features of clinical
course and treatment requirements indicative of
greater disease severity in ROA patients, specifically,
a greater need for mechanical ventilation, more
instances of respiratory arrest and more intense gas
exchange derangement. In general, these findings
are close to those of BARR et al. [11] and of Robprico
and Robrico [12], but differ in part from those of

KoLBE et al. [13], for whom the ROA group made
up only 8% of the series and recovery was slower.
However, such discrepancies may have been caused
by the inclusion of patients with both severe and less
severe asthma attacks by KoLBE et al. [13] or to their
use of a cut-off point of 6 h for ROA, whereas most
authors fix a cut-off of 2-3 h.

The only difference between ROA and SOA pati-
ents with regard to history of chronic asthma was
a greater tendency (with a borderline significance)
for self-reported suspicion of NSAID intolerance.
Taken together with a significantly higher report of
NSAID intake prior to the attack by the ROA
patients studied (14% of ROA patients versus 3% of
SOA patients), this seems to support the recommen-
dation that asthmatics avoid NSAID use. However,
the clinical signs and causes of the attacks in those
patients indicated that a systemic reaction was not
implicated, which is to say that the events were true
cases of severe, sudden asthma exacerbation, rather
than IgE-dependent anaphylactic shock. Conclusions
would be premature, however. While these data are
consistent with the association of fatal and near-fatal
asthma and NSAID use reported by other series in
Spain [22] and Japan [23], they are inconsistent with
reports from North America [11] and New Zealand
[13] of no such association. No explanation can be
offered for such geographical differences, although
it might be speculated that they are related to differ-
ences in patient education or in ease of nonprescrip-
tion access to potent analgesics containing NSAIDs.

As depicted in table 2, ROA and SOA patients
showed significant differences regarding the number of
instances of suspected respiratory infections, NSAID
intake and fume inhalation as triggers. Although
rhinovirus has recently been invoked as a stimulus
precipitating ROA [24], these findings do not support
that hypothesis. As seen in the studies of BARR et al
[11] and WoODRUFF et al. [25], fewer signs of infec-
tion in ROA patients were observed in this study,
and it can be argued that infection may precipitate
more SOA than ROA crises because of the time
needed for pathogens to multiply and cause the airway
lesions that trigger a crisis. Testing such a hypothesis,
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however, would require additional, specifically designed
studies.

Although certain allergens, namely Alternaria spp.
[4] or soybean dust [26], have been reported to have
precipitated ROA epidemics, allergen inhalation was
the evident cause of asthma exacerbation in only
four cases in this study and differences in allergen
sensitization between ROA and SOA were not
observed. These findings contrast with those of BARR
et al. [11], who documented a significantly greater
number of ROA cases after exposure to respiratory
allergens (dust, pets, pollen). This study applied
stricter criteria for establishing allergen inhalation
(absence of another possible trigger and a positive
skin-prick test for the suspected allergen) than those
employed by BARR et al. [11] (suspicion referred to
by the patient when asked), which may explain the
difference.

The observation of more crises in spring and winter
as opposed to autumn, when Spain usually experi-
ences more hospital admissions for asthma overall,
supports the idea that certain allergens may play a role
in fatal and near-fatal attacks [27]. Along the same
lines, near-fatal asthma epidemics have been reported
in spring in Australia, apparently due to exposure to
allergens after storms [28]. However, the high percen-
tage (51%) of patients for whom the authors were
unable to establish any specific trigger must be kept
in mind, as must the lack of significant differences in
seasonal patterns for ROA and SOA in this study.
Therefore, it can be concluded that other factors, such
as weather, are more likely to explain these data than
allergen exposure. Finally, inhalation of fumes and
irritants was a fairly common trigger of ROA (9% of
cases) in this study, as was also found by BARR et al.
[11] and reported in a discussion of one case [29].
The mechanism by which fume inhalation could lead
to ROA might involve direct injury of the bronchial
mucosa, leading to severe bronchoconstriction rather
than inflammation.

The serious deficiencies in the management of
asthma that have been reported [30, 31] are confirmed
by these data. Approximately one-half of the patients
in the sample were being treated regularly by a
specialist or were receiving inhaled steroid treatment.
Moreover, compliance with therapy was suspected to
be low among the survivors in spite of the severity
of the asthma crises they experienced, given that 24
patients (11%) failed to appear for the first follow-up
visit scheduled after hospital release.

Because this study was conceived to establish the
frequency and distinguishing clinical features of ROA,
data cannot be provided regarding prevalence, and
it may be that the percentages reported for triggers
are not precise for the Spanish population overall.
However, a strength of this study is that it presents
the largest cohort of patients to date with ROA fatal
and near-fatal attacks, with data collected prospec-
tively according to strict criteria.

To conclude, it was found that 20% of patients with
fatal or near-fatal asthma attacks experienced onset
within 2 h. Since trigger factors, clinical course and
prognosis in these patients seemed to differ from those
of patients with slow-onset asthma fatal or near-fatal

attacks, it can be speculated that rapid-onset asthma
fatal and near-fatal crises have a particular patho-
genesis and ought to be managed differently from
more gradually developing attacks. A clearer identi-
fication of triggers would help to establish specific
preventive plans for patients at risk of rapid-onset.
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