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ADSTRACT: Between 1973 and 1986, 19 patients were treated on 21 
occasions for life-threatening attacks of astbma. Twelve times mechanical 
ventUatlon was needed. None of tbe patients died. Mo,st of the patients had 
been recognized as severely asthmatic before the me-threatening attack. 
Thirteen out or the 19 patients had pre\1iousJy been admitted with a severe 
asthmatic attack. All patients, except one, were already us ing 
mnlntenance treatment, and 17 ltad previously been referred to a 
pulmonologlst.. During follow-up the bronchia] obstruction was, in most 
cases, fully reversible while using a rather extensive maintenance 
treatment (maximum forced expiratory volume ln one second (FEY 

1
), 

69- 138% of predicted). Recently, 17 of the 19 patients were re
Investigated, wblle In s table phase. The patients who had been 
mechanically ventllated were s lgnlflcantly more sensitive to inhaled 
histamine U1an the patients who had not been mechanically ventilated. 
This was not explaine<i by any difference in basal FEV1 %pred or dosage 
of cor·tlcosterolds. A very low provocation concentration of blstamJne 
producing a 20% fall In FEV1 (PC2J may indicate tbe risk of o severe, 
life-threatening attack of asthma. 
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Severe asthmatic attacks may lead to life-threatening 
situations or even death in relatively young patients. 
Although e ffective anti-asthmatic drugs are widely 
available nowadays, it appears l.hat fatal attacks arc 
increasing [1, 2]. In several studies, analyses are carried 
out concerning the circumstances preceding a fatal or 
near-fatal attack [3-7]. Undertreaunent with conicoster
oids, underestimation of severity of disease both by patient 
and doctor causing delay of trcaunent, bad patient 
compliance and recent admission to hospital, have been 
noted as risk factors. 

In the present study a retrospective analysis has been 
carried out concerning patieniS between 15 and 40 years 
of age who have been lreatcd in our Respiratory 
Intensive Care Unit (RICU) with a life-threatening attack 
of asthma. Moreover, all patients except 2 were re
investigated to assess the severity of the disease several 
years after the evenL An inhalation provocation test with 
histamine was included in this study since this test may 
serve as a sensitive parameter of the severity of the disease 
[8]. 

Patients and methods 

Of all patients (aged: 15-40 yrs), admitted to the RICU 
of the University Hospital of Groningen between 1973 

and 1986 with a life-threatening attack of asthma, the 
clinical data have been analysed. To the RICU we only 
admit patients with an attack of asthma, which deterio
rates to a life-threatening condition despite maximal 
conservative treatment given on our general ward or 
general wards of regional hospitals. 

The following data concerning the severity of the 
disease prior to the life-threatening attack were collected: 
duration of the disease, number of admissions per year 
of the disease and drugs used as maintenance treatment. 
In addition we asked all patients whether they had been 
seen regularly by a pulmonologist before the severe attack. 

The following parameters obtained on admission to 
the RICU have been used for analysis: blood pressure, 
heart rate and arterial blood gases. To assess the renal 
compensation of the respiratory insufficiency, serum 
chloride concentration was considered. In the RICU the 
patients were treated with corticosteroids, theophylline 
and antibiotics intravenously, nebulized or intratracheal 
be~-agonists, oxygen and physiotherapy. The peak 
ventilatory pressures of the mechanical ventilator 
(Siemens Servo), the time the patients needed to be 
ventilated and the complications observed during their 
stay at the RICU, were recorded. 

After recovery from the life-threatening attack of asthma 
all patients have been regularly seen by a pulmonologist. 
At regular intervals spirometry was carried out while the 
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Table 1. - Characteristics prior to admission to the RICU 

Patient Duration Admissions/ Bronchodilators Inhaled Oral 
number asthma duration con. con. 

yr X·yTI BA; ACH; TH ~g g 

Mechanical ventilation required (group A) 

1- 21 0.66 BA; ACH; 400 10 
2- 20 0.55 BA; ACH; TH 400 5 
3 32 0 BA; TH 0 0 
4 33.5 0.06 BA; TH 0 0 
5 23 0.30 BA; ACH; TH 0 0 
6 13 0.54 BA; ACH; yes 10 
7 29 0.03 BA; 0 0 
8 36 0.42 BA; ACH; 0 0 
9 25.5 0.27 BA; 0 10 
to• 14 0.14 BA; ACH; TH yes 30 
11 38.5 0 BA; ACH; 0 10 
12• 13 0.08 BA; ACH; TH yes 30 

Mean 24.8 0.25 8.75 

No mechanical ventilation required (group B) 

13 2 0 BA; 0 0 
14 26 0.31 BA; ACH; TH yes 7.5 
15 31.5 0.51 ACH; TH yes 12.5 
16 32 0 BA; ACH; TH 0 0 
17 13 0 BA; ACH; TH 0 0 
18 19 0.53 BA; ACH; TH yes 10 
19 25 0.36 BA; TH yes 7.5 
20 0.5 0 0 0 
21 33.5 0.12 BA; ACH; TH 0 12.5 

Mean 20.3 0.20 5.56 
p NS NS NS 

-: patient admitted twice; •: patient admitted twice; RICU: respiratory intensive care unit; cort.: corticos-
teroids; BA: beta-agonist; ACH: anticholinergic; TH: theophylline; p: statistical probability; NS: not 
significant. 

patients were using their maintenance treatment. The 
highest forced expiratory volume in one second (FEY

1
), 

expressed as percentage predicted, was used in our 
analysis. 

To assess the actual disease state, 17 out of 19 patients 
were re-investigated. The 2 other patients had moved out 
of the district (admissions 19 and 20). All 17 patients 
were in steady state without an acute episode during at 
least the preceding 4 wks. Inhaled bronchodilators were 
withheld 12 h before the visit; sustained release theo
phylline preparations and anti-histaminic drugs were 
withheld for 48 h. Spirometry was carried out using a 
water-sealed spirometer. The best of 3 manoeuvres was 
used and expressed as percentage of the predicted value. 
Histamine inhalation provocation was carried out, 
provided that the FEY

1 
measured during this visit was 

over 40% predicted. Four patients did not have an in
halation provocation test with histamine. Two of them 
showed an initial FEY1 below 40%pred, one had a spi
rometer-induced asthma and one patient refused to co
operate. The histamine inhalation provocation has been 
measured by inhaling aerosols with increasing concen
trations of the agent. The solutions were nebulized with 

a Wiesbadener doppelspray (Wiesbadener Inhalatoren
Yertrieb, Wiesbaden, West-Germany) with an airflow of 
8 l·min·1 • The output of the nebulizer was 0.12 
ml·min·1• The aerosols were inhaled at tidal breathing 
while the nose was clipped. The histamine concentration 
ranged from 0.125-32 mg·mi-', concentration steps being 
0.125, 0.25, 0.5, 1, 2, 4, 8, 16 and 32 mg·mt·', respec
tively. Each concentration was inhaled for 30 sat 5 min 
intervals, until there was a fall in FEY 

1 
of 20% 

compared with the control inhalation (0.9% saline). The 
provocation concentration of histamine required to 
produce a faU in FEV1 of 20% (PCw> has been calcu
lated by interpolation of the logarithmic dose-response 
curve. For statistical analysis the PC20 of the patient with 
spirometer-induced asthma was defined to be the lowest 
concentration of histamine normally used in the 
histamine challenge (0.125, see above). Arterial blood 
gases and serum chloride concentrations were determined. 
An intracutaneous skin test with common allergens was 
carried out (allergens: Dicphuis Laboratories, Groningen, 
The Netherlands) and was called positive if the weal and 
flare reaction to house dust mite or to 2 other allergens 
exceeded the reaction to intracutaneous histamine. 
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Table 2.- Clinical data on admission 

Patient Age Gender pH Pcoz 
number yn kPa 

Mechanical ventilation required (group A) 

1- 23 F 7.29 7.1 
2- 22 F 7.15 8.5 
3 34 F 7.13 8.3 
4 37 M 7.00 10.4 
5 27 F 7.17 8.0 
6 36 F 7.27 7.7 
7 35 p 6.97 18.4 
8 40 F 7.19 11.7 
9 26 p 7.20 14.0 
10* 35 M 7.39 5.9 
11 39 p 7.29 7.2 
12• 34 M 7.25 8.5 

Mean 32.3 7.19 9.6 

No mechanical ventilation required (group B) 

13 36 p 7.36 9.0 
14 30 M 7.60 2.2 
15 32 M 7.39 4.9 
16 34 M 7.43 5.4 
17 38 M 7.28 6.5 
18 38 p 
19 27 F 7.45 4.5 
20 32 M 7.35 6.8 
21 35 F 7.21 7.9 

Mean 33.6 7.38 5.9 
p NS <0.01 <0.01 

patient - and • were admitted twice; Pco
2

: carbon dioxide 
tension; M: male; F: female; p: statistical probability; NS: not 
significant. 

Table 3.- Complications during mechanical ventilation 

Complication 

Respiratory tract irtfection 
Subcutaneous emphysema 
Transient psychosis 
Pneumothorax 
Abortion 
Transient brainstem hypoxia 
Transient pancreatitis 
One-sided preretirtal bleedirtg 

Statistical analysis 

Frequency 

6 
5 
2 
1 
1 
1 
1 
1 

Wilcoxon's rank sum test for unpaired samples was 
used to compare interval and ratio data and Fisher's exact 
test was used to compare nominal data (p<0.05 was 
considered statistically significant). 

Results 

Between 1973 and 1986, 12 women and 7 men were 
admitted 21 times to the RICU with life-threatening 
attacks of asthma. On 12 occasions, in 10 patients, 
mechanical ventilation was needed; on 9 occasions the 
patients could be treated without mechanical ventilation. 
One female patient (admission 1 and 2) and 1 male patient 
(admission 10 and 12) have been admitted twice within 
1 year and both times mechanical ventilation was 
required. 

The characteristics of the patients prior to the admis
sion to the RICU are given in table 1. A wide range in 
the duration of the disease was observed (0.5-38.5 yrs). 
Most patients had already been admitted previously to a 
hospital for their asthma (13 out of 19). Seventeen out of 
19 were regularly seen by a pulmonologist. In the 2 wks 
before the admission, maintenance treatment included 
beta-agonists (17 out of 19 patients), anticholinergics (12 
out of 19), theophylline (12 out of 19), inhaled corticos
teroids (7 out of 19) and oral corticostcroids (10 out of 
19). None of the patients had stopped maintenance treat
ment with oral corticosteroids shortly before the 
life-threatening event. Only 1 patient did not use any 
bronchodilator therapy. Concerning the duration of the 
disease, the number of admissions per year of the disease 
and the amount of oral corticosteroids used prior to 
admission to the RICU, no differences were found be
tween the group of patients who needed mechanical 
ventilation (group A) and the group of patients treated 
without mechanical ventilation (group B). In our 
retrospective study no obvious reasons for the severe 
attack could be indicated such as use of non-steroidal 
anti-inflammatory drugs, severe allergen exposure or 
viral or bacterial infections. 

In table 2 the data obtained during the stay in the 
RICU are presented. Sinus tachycardia was found in all 
but 1 patient. Between the 2 groups there were no 
significant differences in age, female/male ratio, blood 
pressure and heart rate. The arterial blood gases 
showed that the patients of group A were clinically in a 
more severe condition than the patients of group B. 
The mean pH values in groups A and B were 7.19 
(range 6.97- 7.39) and 7.38 (range 7.21-7.60), 
respectively, (p<O.OJ). The mean carbon dioxide 
tension (Pco) values in groups A and B were 9.6 
(range 5.9- lg.4) and 5.9 kPa (range 2.2-9.0), respec
tively, (p<O.Ol). In all patients serum chloride was 
normal. Peak ventilatory pressures of the mechanical 
ventilator tended to be high (mean 67 cmHp, range 
35-90). The time the patients needed to be ventilated 
showed a wide range (6.5-187 h) with an average of 
61.5 h. During mechanical ventilation various complica
tions have been observed (listed in table 3). None of our 
patients died. 

During the years following the Life-threatening attack 
of asthma all patients were seen regularly by a pulmon
ologist and performed spirometry while using 
maintenance treatment ln nearly all patients the 
bronchial obstruction proved to be fully reversible on 
treatment (table 4). 
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Table 4. - Clinical data at follow-up 

Patient Age FEv,· FEv,·· PC ••• inhaled oral 
20 

number cort cort. 
yrs %pred %pred mg·mJ·' j.l.g g 

Mechanical ventilation required (group A) 

1 23 138 102 0.66 1200 10 
3 40 90 79 0.91 800 0 
4 44 74 65 0.1251 800 0 
5 36 111 74 0.40 400 5 
6 49 88 55 800 5 
7 48 94 33 0 10 
8 53 85 71 6.72 800 0 
9 40 99 88 0.16 1200 0 
10 48 69 63 0.16 1600 12.5 
11 53 112 56 0.11 400 10 

Mean 43.4 96.0 69.6 0.39 800 5.25 

No mechanical ventUatlon required (group B) 

13 38 51 0.25 0 0 
14 34 112 67 2.42 800 10 
15 37 95 20 1200 0 
16 41 98 74 3.56 1200 0 
17 45 130 93 7.29 400 0 
18 46 93 56 15.16 800 3.75 
21 49 105 66 3.03 400 2.50 

Mean 41.4 105.5 61.0 2.99 685 2.32 
p NS NS NS <0.05 NS NS 

Admission 19 and 20 were not re-investigated.·: highest FEVJ %pred measured after event; · ·: PEY1 
%pred measured just before histamine inhalation provocation; • ·: inhalation provocation with histamine 
(see methods); ': spirometer-induced asthma; FEY 

1
: forced expiratory volume in one second; PC10: 

provocation concentration of histamine producing a 20% fall in FEY 1• For other abbreviations see 
legend to table 1. 

Recently 17 of the 19 patients have been re
investigated (table 4). The follow-up time was between 
1 and 14 years (compare the ages or the patients in 
tables 2 and 4). There was no significant difference 
in the duration of follow-up between the 2 groups. 
The FEY 1 values, measured just before the histamine 
inhalation provocation tests, ranged between 20-102 % 
predicted. The mean FEY, values in groups A and B, 
measured just before the histamine inhalation 
provocation test were 69.9 and 61.1 % predicted, 
respectively (not significant). No relationship between 
the FEY 1 % predicted and follow-up time was observed. 
A significant difference in PC20 values has been 
measured, geometric mean values being 0.39 in group A 
and 2.99 in group B (p<0.05). In none of the patients 
abnormal blood gases or serum chloride concentraLions 
were observed. Seven out of 10 patients in group A and 
2 out of 7 patients in group B showed positive skin test 
(not significant). In the 2 wks before the re
investigation all of the patients were using 
bronchodilators. Nine out of 17 patients were using oral 
corticosteroids and 15 out of 17 patients were using 

inhaled corticosteroids. Between the 2 groups, there was 
no significant difference in the amount of inhaled and 
oral corticosteroids used. 

Discussion 

In the retrospective part of the study we found that 
nearly all patients admitted to the RICU with a life
threatening attack of asthma were known beforehand as 
severe asthmatics. All but 2 patients were already seen 
regularly by a pulmonologisL Most of them had already 
been admitted several times to hospital with a severe 
attack of asthma; they were using extensive maintenance 
treatment before the life-threatening attack took place. 
Between the group of patients who needed mechanical 
ventilation (group A) and the group of patients whom we 
managed without mechanical ventilation (group B), no 
differences were found in age, number of admissions and 
the amount of oral corticosteroids used as a maintenance 
treatment prior to admission to the RICU. Although nearly 
all patients were recognized before the attack as having 
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severe asthma, only 10 out of 19 were using oral 
corticosteroids as a maintenance treatment. This finding 
suggests, in our opinion, that doctors tend to undertreat 
their patients with corticosteroids and probably under
estimate the severity of the disease. 

At the time of admission to the RICU all patients were 
severely dyspnoeic, the paL.ients of group A, however, 
had a lower pH and a higher Pco2 than the patients of 
group B. The nonnal serum chloride found at the time of 
the life-threatening au.ack of asthma indicated that no 
renal compensation to a longstanding respiratory 
insufficiency was present Seventeen out of 19 patients 
were re-invesL.igated. The FEV 1 o/opred measured at the 
time of the re-invesL.igation was much tower than the 
max imum FEV1 %pred measured while maintenance 
treatment was used, indicating that the bronchus 
obstruction was at least partly reversible by use of 
bronchodilators. At the time of the re-investigation the 
PC20 histamine of the patients of group A was much 
lower than the PC2.0 of the paL.ients of group B. This 
nnding could not be explained by a difference in FEV 

1 
o/opred measured jusl before the histamine provocaL.ion 
inhalation. It is known that prolonged use of inhaled or 
oral corLicosleroids decreases the nonspecific bronchial 
hyperreactivity as measured by the PC2.0 [9-11]. Since 
we did not find any differences between the 2 groups in 
the amount of inhaled or oral corticosteroids used as a 
maintenance treatment prior to the re-investigation, this 
can not be used as an explanation for the higher degree 
of nonspecific bronchial hyperreactivity found in the 
patients of group A. Unfortunately in most patients no 
histami11e inhalation provocation test was carried out in 
the years preceding the life-l11rcatening attack of ast11ma. 
Theoretically it is possible that the extreme bronchial 
hyperrcaclivity in group A is caused by the preceding 
mechanical ventilation. We therefore calculated the 
correlation of follow-up, duration of ventilation and peak 
ventilatory pressures with the PC20 (not tabulated). Since 
we did not find any significant correlation, we do not 
think that the latter hypothesis is very probable. 

Between 1973 and 1986, in our University Hospital, 
approximately 160 patients in the same age range were 
admitted with a severe attack of asthma. Only 2 of them 
were admitted to the RICU and only 1 of these 2 patients 
needed to be intubated. The other patients of the present 
study came from general wards of regional hospitals. 
Our data suggest that most cases of a severe attack of 
asthma can be treated adequately without intensive care 
facilities. 

It is difficult to compare our results with results from 
the literature, since most other studies use different or no 
age limitations in selecting their subjects [7, 12-16). 
Furthermore, often only data of patients dying from an 
attack of asthma have been used [3-6, 17]. However, the 
high number of admissions because of severe asuunalic 
attacks prior to a life-threatening attack of asthma was 
confinned in other studies [3, 6, 12, 16]. FailLLre to start 
or increase treatment with oral corticosteroids at the 
beginning of the asthmatic attack was in several studies 
felt to be one of the causes of the severe deterioration of 
the patients [4, 5, 7, 13). Unfortunately, due to the long 

time lapse in some cases, we could not assess whether 
any changes in maintenance treatment were made in the 
beginning of th e life- threatening atta c k . 
Complications observed during and after the mechanical 
ventilation were comparable to other studies and were 
mainly due to hypoxia and high ventilatory pressures 
[7, 14, 15). During and after admission, none of the 
patients died. This favourable outcome may be partly 
due to the fact that our patients were younger than the 
patients in other studies [7, 14, 15]. 

We conclude that nearly all patients who had a life
threatening attack of asthma were already known as 
severe asthmatics beforehand. We did not fmd any 
differences between the patients who needed mechanical 
ventilation and the patients whom we managed without 
mechanical support, except for the worse blood gases 
at admission to the RICU. At the recent follow-up 
we found a distinctly higher bronchial hyperreactivity in 
the first group, a finding which could not be explained 
by a difference in basal FEV 

1 
o/opred or by the use of 

less corlicosteroids. We feel that a very low PC
20 

histamine may be an additional indicator for the risk 
of a severe, life-threatening attack of asthma. 
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Appreciation clinique apres une crise d'asthme menafant la 
vie; le role de l'hyperreactivite bronchique. EM. Pouw, G.H. 
Koeter, J.G.R. de Monchy, AJ. Homan, HJ. Sluiter. 

RESUME: Entre 1973 et 1986, 19 patients ont et.e traites a 21 
occasions pour une crise d'asthme menayant la vie. A douze 
reprises une ventilation mecanique s'avera necessaire. Aucun 
des patients n'est decede. Une analyse retrospective a montre 
que la plupart des patients etaient connus comme des asthmes 
severes avant le dcveloppement de la crise gravissime. Treize 
des 19 patients avaient ete hospitalises anterieurement pour 
asthme grave. Tous lcs patients, sauf un, utilisaient deja un 
traitement de fond, et 17 des 19 o:vaienl ete adresses 
anterieurement a un pncumologue. Pendant le follow-up, 
!'obstruction bronchique etait, dans la plupart des cas, 
completement reversible si l'on utilisait un traitement 
'cnttelien assez pousse (VEMS maximum, cxprime en pourcen
tage des valeurs ·prCdites, se siruant entre 69 et 138). RCcemmenl, 
17 des 19 patients ont fait l'objet d'une nouvcllc 
investigation en etat stable. Ceux qui avaicnt et6 ventiles 
dans le passe 6taient significativement plus sensibles h 
!'inhalation d'histamine que ceux qui n'avaient jamais subi 
de ventilation m6canique. Cc dernier fait ne peut pas 
etre explique par uno difference du VEMS de base en pourcen
tages des valeurs pr6dilcs ou par le dosage des conicost.6ro'ides. 
Un PC20 tres bas pour !'histamine pourrait etre un 
indicateur supplemcntairc du risque de crise d'asthme mena~tanl 
la vie. 
Eur Respir J., 1990, 3, 861-866. 


