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CASE REPORT

Fatal asthma in a young patient with severe bronchial
hyperresponsiveness but stable peak flow records
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ABSTRACT: We report the sudden death of a 16 yr old boy with asthma.
At presentation, the patient had symptoms of active asthma, mild
bronchoconstriction, severe airway hyperresponsiveness to methacholine,
and Increased variability of peak expiratory flow records. After the patient
was placed on inhaled beclomethasone (1 mg b.i.d preceded by inhaled
fenoterol 0.4 mg b.i.d) he rapidly felt better, lung function improved, but
airway responsiveness remained severe. Four months later, on the day he
died, he was well until a fatal attack of asthma occurred around midnight
without identifiable precipitating factors. Taken to hospital, he was dead
on arrival. Necroscopy and microscopy showed the characteristic features
of asthma death. This case report suggests that; a) asthma death may
occur suddenly and unexpectedly; b) asthma death may not be prevented
by long-term treatment with high-dose inhaled beclomethasone; c) severe
bronchial hyperresponsiveness, even in the presence of stable peak flow
records, may identify asthmatic patlents at risk of sudden death.
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Bronchial asthma affects 3-5% of the population [1],
and deaths from asthma, although uncommon, have
received increasing attention for several reasons. A
significant increase of asthma deaths, particularly in young
people, has been reported in some countries such as the
United Kingdom [2] and New Zealand [3], at a time
when the advances made in the understanding of the
pathogenetic mechanisms of asthma and the introduction
of many effective therapeutic agents were expected to
improve the prognosis of the disease.

There is some agreement that most deaths from asthma
can be attributed to inadequate assessment and/or inade-
quate treatment [4], and there is a belief that asthma
deaths might indeed be prevented by avoiding the trig-
gering factors, when known, and by instructing patients
and physicians to face the severity that the disease may
achieve by using appropriate treatment [4, 5]. Prophy-
laxis of severe attacks is also important; treatment that
reduces diurnal variations of airflow obstruction may
decrease the risk of sudden death, since patients with a
large diumnal variation are at greatest risk [5-8].

We hereby report the case of a young patient with
asthma who died suddenly, despite the fact that
pharmacologic treatment with inhaled steroids and
bronchodilators was able to control symptoms and
circadian variations in airflow limitation for weeks.
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Case Report

A 16 yr old boy with a 13 yr history of asthma had
been treated in the previous month with inhaled
fenoterol (400 ng b.i.d) and inhaled beclomethasone (1
mg b.i.d), and was well until a few minutes before a fatal
asthma attack occurred on November 17, 1987, around
midnight.

Past history included infant eczema, bronchial asthma
from the age of 3 and a positive skin test for grass pollen,
Dermatophagoides pteronissinus and Dermato-
phagoides farinae. Radioallergosorbent test was positive
for grass pollen and negative for mites. Family history
was positive for atopy and allergic rhinitis, but not for
asthma. Immunotherapy with grass pollen was performed
from 1979 to 1983, and did not provide significant benefits
or local or systemic reactions. The patient was not known
to have any drug sensitivities, history of aspirin-induced
asthma, rhinitis, or food allergy. Parents excluded addic-
tion to any drug. In the last five years he had 1 w0 2
severe asthma attacks per year and frequent episodes of
mild dyspnoea with wheezing during the night in the
summer-fall season. He also had exercise-induced asthma.

Until August, 1987, when he was admitted to our
Asthma clinic, he was treated regularly with theophyl-
line (Theo-Dur 200 1 tablet in the evening) and
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with inhaled fenoterol, and with oral steroids during The patient was instructed to use the peak flow meter
exacerbations. On August 10, 1987, when he came (0 and to record peak expiratory flow rate (PEFR), symp-
our Clinic complaining of asthma symptoms, spirometry toms, and therapy in the daily diary card. He was asked
and inhalation challenges with methacholine were to record PEFRs at 7.00, 10.00, 14.00, 18.00, and 22.00
performed. Spirometry demonstrated mild bronchocon- h, and to report measurements obtained shortly after bron-
striction (vital capacity) (VC = 5.0 [, 93% predicted; chodilator (when needed) to assess the reversibility of
forced expiratory volume in one second (FEV )= 3.7 [, bronchoconstriction. The variability of PEFR was
79% predicted) and inhalation challenge with methacho- calculated as described by Ryan et al. [10], i.e. the
line revealed extremely severe airway hyperresponsive- difference between the maximum and minimum PEFR
ness (provocative dose of methacholine causing a 20% of each day expressed as a percentage of the maximum,

decrease in FEV, (PD,, FEV,) methacholine <0.02 mg). The reversibility to fenoterol was calculated as the
Airway responsiveness 1o methacholine aerosol was percenlage ratio between the PEFR value after the inha-
assessed with the dosimeter method as previously de- lation and the closest PEFR value before the inhalation
scribed [9]. With this method airway responsiveness is of fenoterol.

considered extremely severe if PD,, FEV, is less than The patient was recommended to use regularly inhaled

0.02 mg, severe if PD,; FEV, is between 0.02 and 0.1 steroids (beclomethasone dipropionate, Clenil Forte,
mg, moderate if PD, FEV, is between 0.1 mg and 0.7 Chiesi, Parma, 0.5 mg b.i.d), and inhaled fenoterol only
mg, and normal above 1.4 mg. when required. During the first 4 days of treatment PEFRs

The patient was advised to buy a peak flow meter remained highly variable (the mean variability of the four
(Assess, Health Scan Products Inc., Cedar Grove, NJ) days was 32%), and the reversibility to fenoterol reached
and the appropriate diary (Agendasma, Markos, 62% (fig. 1a). Already during the following week (four
Monza, Italy), and to return to our Clinic in one week. days are represented in fig. 1b) the patient reported a
On the 2nd of September, 1987, his lung volumes were significant improvement of symptoms, PEFR increased,
unchanged (VC = 5.4 [, 100% predicted; FEV, = 3.8 [, and the diurnal variation of PEFRs decreased (the mean
80% predicted), but at the inhalation challenge he variability of the four days was 13%, a value very simi-
reacted to the inhalation of the diluent phosphate buffer lar to the mean variability found in non-asthmatic
saline (FEV, fall = 22%) so that the test could not be subjects [10]), but occasional moming dip was still present

completed. (fig. 1b).
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Fig. 1. = Peak expiratory flow rates (PEFR) at 7.00, 10.00, 14.00 and 22.00 hours during the first four days of treatment (panel a), during four
days of the following week (panel b), and during the last four days before the fatal attack (panel c). Dotted lines and asterisks represent the
reversibility 10 fenoterol. The daily vaniability of PEIFR calculated as described in the text was: 41%, 26%, 20% and 39%, mean value = 32%, in
panel a: 14%, 21%, 7% and 10%, mean value = 13%, in panel b; 17%, 13%, 10%, and 14%, mean value = 14%, in panel c. The reversibility
to fenoterol, calculated as described in the text, was: 62% and 35%, mean value = 49% in panel a; 23%, 7%, 13%, 9%, 9%, 10%, 14% and 11%,
mean value = 12% in panel c.
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On October 7, 1987, spirometric values had almost
completely returned to within normal values (VC=5.5 [,
103% predicted; FEV.=4.2 I, 88% predicted); however,
at variance with previous measurements, FEV, progres-
sively decreased with forced manoeuvres alone (FEV,
decreased from 4.2, to 3.6, and 3.2 in the three blows).
Thus, again, the inhalation challenge with methacholine
could not be performed, and, because this was interpreted
as a sign of marked airway hyperresponsiveness, reat-
ment was changed (fenoterol 0.4 mg b.i.d, to be taken
before beclomethasone; beclomethasone increased to 1
mg b.i.d).

In the month before the fatal attack, he did not com-
plain of asthma symptoms or exercise-induced asthma.
He reported a cold around the end of October, but this
event was not associated with asthma symptoms or with
changes in PEFRs. In the four days before the fatal attack
(fig. 1c) the values of PEFR ranged between 480 and
600 I'min!, and the mean variability of the four days was
14%. During the same days the patient regularly took the
usual medications, and the mean daily reversibility to
fenoterol was around 12% (fig. 1c).

Fig. 2. — Panel a: cross-section of a cartilagineous bronchus occluded
by mucous plug. Nodular inflammatory infiltrates are seen in the outer
layer of the bronchial wall. Stain: haematoxylin-eosin; Panel b: detail
of panel a, showing marked thickening of the basement membrane,
oedema dissociating the smooth muscle cells, and scattered inflamma-
tory infiltrates. Stain: haematoxylin-eosin.

On November 17, 1987, the day he died, in the mormn-
ing he ran for about two miles because he missed the bus
and was late for school. He did not report symptoms or
additional medications in the diary, his PEFRs ranged
between 500 and 580 /-min* during the day, and the
reversibility to fenoterol was 14% at 7.00 and 11% at
14.00 (fig. 1c). He took the usual medications (last dose
of fenoterol and inhaled steroid at 18.00), and after a
light dinner he went to bed around 22.00. His mother
saw the patient sleeping well around midnight, and his
breathing seemed normal to her. About 30 min later she
heard the patient stepping into the bathroom where he
kept his medicines: then she heard 4 actuations of a
pressurized cannister, then identified to contain fenot-
erol. By the time she came to see him, he was already
heavily dyspnoeic and unable to speak. The mother felt
that he was already dead at home within 15 min. Taken
by the father to the nearest hospital, he was dead on
arrival.

Necroscopy excluded cerebral or cardiovascular causes
of death. The lungs were overinflated. Specimens from
different lobes were obtained after fixation in 10%
formaldehyde in saline. Specimens were embedded in
paraffin wax, sections 7 pm thick were cut and stained
with haematoxylin-eosin. Microscopy showed scattered
alveolar oedema, oedematous thickening of the bronchial
walls associated with dilatation of the bronchial vessels,
mucous plugs with desquamed epithelial cells subocclud-
ing most of the airways (fig. 2a), denudation of airway
epithelium, marked thickening of the basement membrane
(fig. 2b), smooth muscle hypertrophy and inflammatory
infiltrate, including eosinophils, mainly in the outer layer
of the airway walls.

Discussion

This paper reports a fatal attack of asthma in a young
patient who was well-controlled by regular treatment with
inhaled steroids and beta-agonists. He complained of no
symptoms and his peak flow records had been quite stable
in the last month before death, but he had an extremely
severe degree of airway hyperresponsiveness which was
not affected by therapy. Death occurred suddenly with-
out premonitory symptoms or signs. The fatal attack was
so sudden and progressed so rapidly that appropriate
medical help could not be given in time. Previous reports
have emphasized that up to one quarter of deaths from
asthma occur within 30 min of onset of the attack [11],
and that there are children with apparently trivial asthma
who are at risk of sudden death [12].

In the present report two recent events could be related
to the fatal outcome. Firstly, the patient had an infection
of the upper airways, probably viral, about three weeks
before. That episode was not associated with obvious
exacerbation of asthma, as suggested by the records
showing that peak flows were unchanged, and he did not
require additional therapy. Recent editorials do not
mention viral infection as a risk factor for fatal asthma
[4, 5, 13]. Secondly, the patient underwent strenuous
exercise in the morning of the day he died; he had run
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for about two miles because he had missed the bus and
was late for school. However, he did not report symp-
toms or additional medications in the diary, and the peak
expiratory flow rate was 500 ['min? at 07.00 and 580
[min at 10.00, i.e before and after the run. Several papers
reported late asthmatic reactions after exercise, and indeed
some of these reactions may occur with several hours
delay [14], but it is still doubtful whether such reactions
are indeed due to cxercise or to withdrawal of therapy
[15, 16]. Whether or not the morning's strenuous exer-
cise may have been the cause of the fatal attack remains
uncertain.

Airway hyperresponsiveness is believed to reflect the
severity of asthma, both because it correlates with the
amount of medication required to control symptoms [17],
and because it correlates with the morning dips and the
diurnal variations of PEFRs [10]. This correlation is
probably true for most asthmatic subjects but, unfortu-
nately, this was not the case [or the patient reported here.
In fact, after he started regular therapy, his PEFRs
increased and diurnal variation decreased to the levels
found in non-asthmatic subjects [10], even if the degree
of bronchial hyperresponsiveness remained extremely
severe.

Indeed, the most striking functional finding in this
patient was the severe bronchial hyperresponsiveness,
bronchoconstriction being triggered even by inhalation
of an extremely low dose of methacholine, phosphate
buffer saline solution, or deep inspiration. WooLcock et
al. [18] have studied bronchial responsiveness in patients
who had a “near-miss death” from asthma. At the time
of the study, 3 to 10 weeks after the nearly fatal attack,
all patients had FEV, above 70% of the predicted value,
but all had severe bronchial hyperresponsiveness, with
PD,, FEV, values less than 0.1 pmol of histamine
(i.e. less than 0.25 mg:ml' with the Canadian protocol
[19], less than 2.5 unit with the North American protocol
[20], and less than 0.01 mg with our protocol [9]), and
extreme steepness of the dose-response curves. The
authors attempted to decrease the severity of bronchial
hyperreactivity in these patients by using aggressive ther-
apy based on high dose steroids. The three patients in
whom airway responsiveness significantly decreased after
therapy survived, whereas the two patients in whom
airway responsiveness did not change subsequently had
a fatal attack. From this experience, WoolLcock suggests
that the severity of bronchial hyperresponsiveness must
be considered the most important risk factor of fatal
asthma, and that adequate treatment, particularly with
oral and topical steroids [21, 22], must be attempted 10
decrease the severily of airway responsiveness.

Although we did not give oral steroids, we observed
that high dose inhaled beclomethasone (1 mg b.i.d) taken
regularly by the patient was able to control symptoms
and improve PEFRs, and thus we considered asthma under
control. However, retrospectively, because of the
outcome of this case, we suggest that a course of oral
steroids should be considered in patients with severe
bronchial hyperresponsiveness.

The patient described used regularly inhaled fenoterol
(400 pg b.i.d) and recorded PEFRs before and after in-

halation. Asthma deaths have been related in the past to
abuse of bronchodilator aerosols (23, 24], and such abuse
could be due to development of tachyphylaxis [25]. In
the present case, abuse of fenoterol could be excluded
from the dosage carefully reported in the diary, and tachy-
phylaxis can be excluded by the observation that on the
day he died he reported an increase of PEFR after fenot-
erol similar to that in the previous days both in the
morning and at 14.00 (fig. 1c). However, a recent paper
relates asthma death in New Zealand to the use of fenot-
erol by metered dose inhaler [26].

Oedema of the airway walls and mucous plugs were
the prominent features of lung pathology. Although beta-
agonists are first choice potent bronchodilators and must
be used to treat acute asthma, they do not affect vascular
permeability [27], and therefore they may not decrease
bronchial oedema. The pathology and the outcome of
this case may reinforce the suggestion that adrenaline, an
agent with vasoconstrictor effects due to stimulation of
alpha receptors in addition to beta receptors, should be
used in particularly severe attacks of asthma not reversed
by the usual therapy [7, 28]. In this case the fatal auack
developed and progressed so rapidly that appropriate
medical help could not be given in time, and previous
reports have emphasized that up to one quarter of deaths
from asthma occur within 30 min of onset of the attack
[11}. We wonder whether appropriate education of pa-
tients at risk of sudden asthma death to carry emergency
sets including aerosol bronchodilators, adrenaline and
steroids, and appropriate training to use them, and par-
ticularly to take adrenaline, might help to reduce the
number of sudden asthma deaths [7].

Microscopic examination of the lungs showed some
characteristic features of asthma death [29-31]: mucous
plugs suboccluding most of the airways, oedematous
thickening of the bronchial walls associated with dilata-
tion of the bronchial vessels, denudation of airway epi-
thelium, marked thickening of the basement membrane,
smooth muscle hypertrophy and inflammatory infiltrate,
including eosinophils, mainly in the outer layer of the
airway walls. Among all these features, the most striking
microscopic finding was the excess of secretions and
tissue swelling due to oedema of the bronchial walls. As
pointed out by Moreno et al. [32], in these conditions of
organic bronchial obstruction, even a small smooth muscle
contraction could produce an amplified increase in
resistance that in turn may contribute to the fatal event.
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Asthme mortel chez un jeune patient avec hyperréactivité
bronchique sévére, mais valeurs stables du débit de pointe.
Observation clinique. M. Saetta, G. Thiene, S. Crescioli, L.M.
Fabbri.

RESUME: Nous faisons état de la mort subite d'un garcon de
16 ans atteint d'asthme. A l'admission, le patient avait des
symptémes d'asthme évolutif, une bronchoconstriction légére,
un hyperréactivité sévére des voies aériennes a la Methacho-
line, et une augmentation de la variabilité des valeurs du débit
de pointe. Aprés traitement 2 la beclomethasone en inhalation
(1 mg 2 fois par jour précédé par 0.4 mg de fenoterol 2 fois par
jour), il s'est senti rapidement amélioré, la fonction pulmonaire
s'est améliorée, mais la réactivité bronchique restait sévére.
Quatre mois plus tard, le jour de sa mort, il s'est senti bien
jusqu'a ce que la crise d'asthme létale survenionne vers minuit,
sans aucun facteur précipitant identifiable. 11 était mort a
l'arrivée 4 T'hopital. L'autopsie et I'examen microscopique ont
montré les signes caractéristiques de la mort dans l'asthme,
Cette observation suggére que la mort dans 1'asthme peut sur-
venir de fagon soudaine et inattendue, que la mort dans
l'asthme peut ne pas étre prévenue par un traitement prolongé
méme avec de fortes doses de beclomethasone en inhalations,
et qu'une hyperréactivité bronchique sévére méme avec des
débits de pointe stables peut identifier les patients asthmatiques
a haut risque d'un décés par asthme,
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