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ABSTRACT: In adults fatal and near-fatal asthma have similar clinical character-
istics. Therefore, near-fatal asthma in adults can be used as a model for fatal asthma.
A nationwide study on fatal and near-fatal asthma in children <16 yrs was performed
in order to assess whether, as in adults, near-fatal asthma can be used as a model for
fatal asthma.

From 1996 to 1998, all paediatric hospitals and paediatric pulmonologists in
Germany were asked to report cases of fatal asthma and near-fatal asthma to a central
survey unit (Erhebungseinheit fuÈr seltene paÈdiatrische Erkrankungen in Deutschland
(ESPED)) on a monthly basis. All reports were followed by detailed questionnaires.

Sixteen fatal and 45 near-fatal asthma cases were analysed. Fatal asthma patients
were older than near-fatal asthma patients. Respiratory tract infections were
frequently reported only in near-fatal asthma (47 versus 0%). The proportion of cases
with rapid-type onset (duration of symptoms #1 h) was higher in fatal asthma (53
versus 14%). Long-term regular treatment with short acting b2-agonists was common
in both groups, but the use of concomitant inhaled corticosteroids was significantly
lower in fatal asthma cases. A high proportion of poor compliance was observed in
both groups.

As fatal and near-fatal asthma differ significantly in important clinical aspects,
analysis of near-fatal asthma might be of limited value in elucidating the causes of
fatal asthma in children.
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An increase in asthma deaths in children has been
reported in different industrialized countries of the world
[1]. The American Thoracic Society has recently rec-
ommended further investigations into causalities [2]. In
near-fatal asthma attacks, information can be obtained
from both close family members and the patient who
survived the severe asthma attack. In adults, fatal and
near-fatal asthma have been found to have similar char-
acteristics, and it has been suggested that the more
frequent near-fatal asthma cases be studied to complement
insights into the patterns of fatal asthma [3]. Monitoring
of increases in near-fatal asthma cases might be used as
an early warning system for increases in asthma mortality.
Near-fatal asthma cases may add information to case/
control studies of fatal attacks. However, although some
factors may increase the risk of both fatal and near-fatal
asthma, others may only be crucial to the fatal outcome of
a severe attack or vice versa [4]. Even though near-fatal
asthma may be a precursor of fatal asthma, the potential
limitations of this approach have been discussed [4].

In order to identify similarities and differences between
fatal and near-fatal asthma in childhood, a nationwide
survey was performed in Germany between 1996 and
1998. The study focused on age, sex, ethnicity, long-term
medical care, prescribed medication, compliance, reported
clinical type of onset and possible triggering factors (e.g.
respiratory tract infections and allergen exposure).

Methods

The survey was performed in cooperation with the
German Surveillance Unit for Rare Paediatric Disorders
(Erhebungseinheit fuÈr seltene paÈdiatrische Erkrankungen
in Deutschland (ESPED)). This survey unit sends monthly
postcards to all paediatric hospitals who report whether or
not one of the disorders has been diagnosed. In the present
fatal/near-fatal asthma survey, all members of the Society
for Paediatric Pulmonology in Germany were included in
order to obtain information regarding patients who did not
reach a hospital during the acute attack. In total, 487 cards
were sent out monthly. The return rate of the cards was 94±
96%. Following a positive reply, a detailed questionnaire
was sent to the reporting institution and returned in all
cases. If necessary, complete information was obtained by
means of a telephone interview.

The 3-yr time period of the present survey was January
1, 1996±December 31, 1998. The case definition was:
death or mechanical ventilation (near-fatal attacks) due to
symptomatic respiratory obstruction caused by chronic
asthma, recurrent wheezy bronchitis or a first asthma attack
in children of <16 yrs.

The questionnaire asked for the following information:
sex, age, ethnicity, medical care and medication prescribed
before the time of deterioration, compliance with medica-
tion, possible contributing factors (e.g. respiratory tract
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infections, allergen exposure, physical exertion and
immunotherapy), and clinical course of the acute attack.
Two different types of clinical scenario were distinguished:
type 1, characterized by a prolonged period of time
between onset of asthma symptoms and death, lasting
several hours to several days (slow onset), and type 2, in
which death occurs within 1 h (sudden onset). In cases of
near-fatal asthma, the duration of symptoms was deter-
mined from onset of symptoms until intubation for
mechanical ventilation.

For statistical analysis, the computer package system
SPSS 8.1 (SPSS Inc., Chicago, IL, USA) was used.
Numerical variables were compared using Kruskal-Wallis
tests. For categorical variables, the chi-squared test and
Fisher exact test were used as appropriate. A two sided p-
value of <0.05 was considered significant.

Results

A total of 16 confirmed cases of fatal asthma and 45 of
near-fatal asthma in children were analysed (table 1).
Three additional cases were excluded because the clinical
deterioration could not be unambiguously attributed to
asthma, but could alternatively be explained by under-
lying diseases, i.e. bronchopulmonary dysplasia (n=2)
and malformation of the respiratory tract (n=1).

The median age of the 16 patients with fatal asthma
(12,2 yrs, months (range 5,4±15,5)) was higher than that of
the near-fatal asthma patients (9,6 yrs, months (range
0,1±15,5)) (p<0.05). None of the 16 fatal asthma cases was
<5 yrs, and 12 (75%) were $10 and <16 yrs, whereas near-
fatal asthma cases were more equally distributed across all
age groups (table 1).

In eight fatal asthma patients, the clinical picture of the
acute attack followed a type 2 pattern (sudden onset); in
seven patients, there was a type 1 pattern (slow onset); and,
in one patient, no information on the clinical course was
available. In near-fatal asthma, the type 2 pattern was only
observed in six of 42 cases (type 1 pattern in 36 of 42
cases); in three cases, no information was available. The
difference in frequency of the observed clinical course
patterns could not be explained by chance alone (p<0.01).
If the age cut-off was performed at 5 yrs, i.e., if the
youngest children that were affected by near-fatal asthma
alone were excluded, the difference between fatal and near-
fatal asthma regarding frequency of clinical patterns was
still significant (p<0.05). Nine of the 16 asthma deaths
occurred outside hospitals. Rapid clinical onset was far
more pronounced in these cases (seven of nine) than in
those that reached a hospital (one of seven). Otherwise,
asthma deaths outside hospitals did not differ in their
characteristics from those observed in hospitals.

In the vast majority of fatal asthma cases, no possible
contributing factor could be identified (81%). In particular,
there were no cases of fatal asthma with a diagnosis of
respiratory tract infection. Exposure to allergens and severe
physical exertion were considered possible triggering fac-
tors in one and two cases, respectively. In contrast, in
almost half of the near-fatal asthma cases (21/45 (47%)),
respiratory tract infections were reported as a contributing
factor. In near-fatal asthma patients, other contributing fac-
tors were mentioned only rarely (allergen exposure n=3,
physical exertion n=1, bronchoscopy n=1 and anaesthesia
n=1). The two groups differed significantly regarding con-
tributing factors (p<0.01 for none versus any; p=0.001 for
respiratory tract infections alone) (table 1). The difference
between fatal and near-fatal asthma regarding respiratory
tract infections remained significant if only patients of >5
yrs were considered (p<0.05).

The male:female ratio was 10:6 in fatal asthma and
22:23 in near-fatal asthma. There were only Caucasian
patients in the fatal asthma group. In near-fatal asthma, all
patients were Caucasian except for one from Vietnam and
one from Morocco. Seasonal variation of the cases was not
observed.

In both groups, there was a high proportion of patients
who had been prescribed regular short-acting b2-agonists
prior to the acute deterioration: 10/16 (63%) fatal asthma
cases and 21/45 (47%) near-fatal asthma cases. However,
near-fatal asthma cases on regular short-acting b2-agonists
had more frequently undergone concomitant treatment
with inhaled corticosteroids (ICSs) than fatal asthma cases
on regular short-acting b2-agonists: 13 of 21 of the near-
fatal asthma cases compared to one of 10 of the fatal
asthma cases (p<0.01) (table 1). Two of the fatal asthma
cases had received regular short-acting b2-agonists alone,
six had been prescribed regular short-acting b2-agonists
with concomitant sodium cromoglycate (SCG) alone, and
four had received regular short-acting b2-agonists with
concomitant theophylline. Two near-fatal asthma cases

Table 1. ± Comparison of fatal and near-fatal asthma
cases

Fatal asthma Near-fatal
asthma

Subjects n 16 45
Age yrs, months

Age distribution yrs 12,2 (5,4±15,5) 9,6 (0,1±15,5)*
>0 and <5 0/16 (0) 16/45 (36)
$5 and <10 4/16 (25) 9/45 (20)
$10 and <16 12/16 (75) 20/45 (44)

Type of clinical course
No information
available 1/16 (6) 3/45 (7)

Type 1 (slow onset) 7/15 (47) 36/42 (86)**
Type 2 (rapid onset) 8/15 (53) 6/42 (14)**

Contributing factors
Respiratory infections 0/16 (0) 21/45 (47)***
Others 3/16 (19) 6/45 (13)
None observed 13/16 (81) 19/45 (40)

Regular medication
s.a. b2-agonist 10/16 (63) 21/45 (47)
s.a. b2-agonist plus
concomitant ICS 1/10 (10) 13/21 (62)**

Compliance
No information
available 1/16 (6) 12/45 (27)

Poor compliance 8/15 (53) 19/33 (58)
Long-term care by
paediatric asthma
specialist 2/16 (13) 12/45 (27)

Data are presented as absolute values with percentages in paren-
theses or median (range). s.a: short-acting; ICS: inhaled cortico-
steroids. *: p<0.05; **: p<0.01; ***: p<0.001.
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had been prescribed regular short-acting b2-agonists
alone, five near-fatal asthma cases on regular short-acting
b2-agonists received concomitant SCG and 10 concomi-
tant theophylline. The short-acting b2-agonists used on a
regular basis were salbutamol (19 of 31), reproterol (four
of 31), terbutaline (one of 31), and fenoterol (seven of 31,
three of them fatal and four near-fatal asthma).

Altogether, four fatal asthma patients had undergone
long-term treatment with ICS, five with theophylline and
seven with SCG. Fifteen (33%) near-fatal asthma patients
had been prescribed regular ICS medication; one had
received oral steroids. Thirteen near-fatal asthma patients
had used theophylline, and 11 had received prescriptions
for SCG. Two fatal and two near-fatal asthma patients had
been treated with long-acting b2-agonists (formoterol or
salmeterol).

In patients with available data on compliance, non-
compliance was reported to be a long-term problem in
eight of 15 (53%) fatal asthma patients and in 19 of 33
(58%) near-fatal asthma patients. Two of the fatal asthma
patients were known to overuse b2-agonists excessively
(information given spontaneously by reporting institution
in reply to questionnaire point on compliance problems).

In both groups, only a few individuals had consulted a
specialized paediatric asthma centre in the past, namely
two of the 16 fatal asthma patients and 12 of the 45 near-
fatal asthma patients.

Discussion

In the present study, fatal and near-fatal asthma cases
were analysed retrospectively to determine whether near-
fatal asthma might be useful as a model for fatal asthma in
order to improve understanding of and consequently
prevent asthma deaths in children. For the purpose of the
study of aetiologies, the advantage of near-fatal asthma is
its higher prevalence and the possibility of obtaining
information on the clinical course from both the patients
who survived the severe asthma attacks and their families.
BEASLEY et al. [4] suggested that monitoring of the time
trends in near-fatal asthma may serve as a "warning
system" for the time trends of fatal asthma, and that some
near-fatal asthma cases might represent "survivors" of a
potentially fatal asthma attack.

Although the return rate in the monthly surveillance was
high and a 100% return rate of subsequent questionnaires
was achieved, underreporting of fatal and near-fatal cases
must be considered. Unfortunately, there is no adequate
source available to ascertain the completeness of the
asthma death figures in the present study. Death statistics in
Germany are processed by so-called lay-designators who
use physicians' notes on death certificates to fill in a code
for the cause of death on a separate form. It is not possible
to back-control death statistics, and the accuracy of
statistics of asthma deaths in Germany has not been
investigated to date. Some such investigations in other
countries have shown a conspicuous lack of diagnostic
specificity [5]. The number of asthma deaths (n=31) given
by official death statistics during 1996±1998 in children
of <16 yrs suggests underreporting of asthma deaths in
the present study. However, even though some patients

might have been referred to adult medical hospitals and
thus escaped surveillance, this would not account for the
differential ascertainment of fatal and near-fatal cases.
Since within paediatric hospitals both near-fatal and fatal
asthma are equally exceptional, it is likely that both
conditions are reported with equally high probabilities.
Children who did not reach a paediatric hospital during
their fulminant attack might systematically have escaped
ascertainment in the present surveillance scheme. This
bias, however, does not appear very likely in the face of
the already high number of type 2 cases of fatal asthma
observed in the present study, most of which (seven of
eight) occurred outside hospital.

The following features were similar in fatal and near-
fatal asthma: ratio of males to females, high rate of regular
short-acting b2-agonists use, and poor compliance. How-
ever, the two groups were significantly different regarding
mean age, proportion of rapid onset pattern cases, possible
triggering factors, and underuse of ICSs in patients on b2-
agonists.

These findings are in contrast to a report by CAMPBELL et
al. [3], who observed that fatal and near-fatal asthma
cases in adults have mainly similar characteristics. In that
study, numerical, but not significant, differences were only
found with respect to age, sex and concurrent medical
conditions. These authors concluded that the differences
may have appeared by chance and that near-fatal asthma
might be a suitable model for fatal asthma.

One remarkable difference between fatal and near-fatal
asthma in the present study is the proportion of the two
distinct types of onset (type 2 versus type 1), as assessed by
clinical observations. Different autopsy findings in deaths
due to type 1 and 2 (e.g. infiltration of the airway sub-
mucosa with eosinophils versus neutrophils), respectively,
might indicate different underlying mechanisms of patho-
physiology [6]. If this were true, fatal and near-fatal
asthma might indeed be different entities since type 2 was
predominant only in fatal and not in near-fatal asthma.
Naturally, the present categorization could only be based
on clinical assessment, as bronchial biopsy in the acute
situation in children with near-fatal asthma is considered
unethical. The higher proportion of type 2 cases in fatal
asthma has also been found in the American study on
fatal and near-fatal asthma in adults of STRUNK et al. [7].

LEMANSKE and LARSEN [8] suggested that respiratory
tract infections represent a risk factor for fatal as well as
for near-fatal asthma. Although 47% of the present near-
fatal asthma cases were accompanied or triggered by
respiratory tract infections, no infections were reported in
the fatal cases. Since this information was explicitly asked
for in the questionnaire, it is likely to be equally valid for
fatal and near-fatal asthma. Hence, from the present data,
respiratory tract infections do not appear to represent a
risk-factor for fatal asthma attacks. In 81% of the fatal
asthma patients, no possible contributing factor was iden-
tified. The high proportion of rapid onset cases in this
group means that, in most of these cases, the observation
time was short, and symptoms of respiratory tract infec-
tion might not have been noticed at that time. Hence the
possibility that some of these cases with no observed
contributing factor involved as-yet asymptomatic respir-
atory tract infections cannot be excluded.

In the present study, cases representing the whole
paediatric patient group were analysed. Therefore, infants
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were included in the analysis. This policy causes hetero-
geneity of the study population. However, differences
regarding observed contributing factors and clinical type of
onset remained significant even when the age cut-off was
raised to 5 yrs.

The authors' hypothesis of different entities is also
supported by the age differences found: fatal asthma cases
were significantly older than near-fatal ones, and 75% of
fatal asthma cases were teenagers aged 10±15 yrs. A high
proportion of teenagers with paediatric fatal asthma has
been reported previously by STRUNK [9] and KRAVIS and
KOLSKI [10]. They speculated that hormonal and psycho-
social changes at that age might interfere with a deter-
iorating course of the disease. STRUNK [9] suggested that
noncompliance might be a major problem in teenagers.
Smoking should also be considered a possible triggering
factor in asthmatic teenagers.

In adults, regular use of short-acting b2-agonists has
been shown to be associated with deterioration of asthma
control [11], and even with an increased risk of fatal and
near-fatal asthma [12, 13]. Fenoterol, in particular, has
been observed to be a possible cause of an asthma
mortality epidemic in New Zealand [14]; in the present
study, the use of fenoterol was found only in a small
number of cases. The use of ICSs has been associated
with a decreased risk of asthma death [15, 16]. Regular
treatment with short-acting b2-agonists, identified as a
major risk-factor, at least in adults, was prescribed in 51%
of cases in the present study. Here, the rapid onset of fatal
asthma in the absence of identifiable trigger factors in
children dependent on high doses of b2-agonists might be
indicative of markedly increased airway hyperrespon-
siveness with the propensity for sudden severe bronch-
oconstriction. Most of the patients on regular short-acting
b2-agonists received these solely or in combination with
SCG alone. Near-fatal asthma patients on regular short-
acting b2-agonists received significantly more, often con-
comitant, ICS treatment than fatal asthma patients on
regular short-acting b2-agonists. Hence undertreatment
with ICSs was more pronounced in fatal asthma, which is
in accordance with the aforementioned results in adults.
Only 14 of the 61 patients (fatal and near-fatal asthma
combined) had consulted a paediatric asthma specialist,
and most of the asthma deaths were associated with
prescriptions contradicting international guidelines (e.g.
overuse of b2-agonists and underuse of ICSs) [17]. Never-
theless, thus far, whether deaths might have been pre-
ventable can only be speculated upon. Further studies on
fatal and near-fatal asthma with additional population
denominator data on asthma care of children in specialized
centres or elsewhere might provide further evidence.

In summary, even though there were some similarities
between fatal and near-fatal asthma cases, significant
differences in important clinical aspects were observed,
suggesting that fatal and near-fatal asthma are different
entities. Future research should elucidate which strategies
for prevention are needed in the two scenarios.
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