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Assisted ventilation in severe acute asthma
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ABSTRACT During the period 1973-85 assisted ventilation was used for the treatment of severe

asthma on 48 occasions in 18 patients (one patient was ventilated 29 times). On each occasion
arterial blood gas abnormalities were restored to normal as quickly as possible irrespective of peak
inflation pressures. One patient was thought to be brain dead on transfer from another hospital but
was ventilated for 48 hours while this diagnosis was confirmed. There was one episode of media-
stinal emphysema. There were no other complications apart from transient hypotension (blood
pressure < 100/60 mm Hg), which occurred on 17 occasions but did not have any sequelae. There
was no relationship between hypotension and inflation pressure but there was an association
between hypotension and rate of fall of arterial carbon dioxide tension. It is concluded that the risks
of barotrauma during the ventilation of patients with severe asthma are theoretical or extremely
small. Rapid correction of respiratory acidosis abolishes hypercapnic respiratory drive, allowing
ventilation without use of muscle relaxants. It may also enable a shorter duration of ventilation,
thus decreasing the likelihood of complications.

Most episodes of severe asthma respond to con-
ventional treatment with inhaled 2 adrenoreceptor
agonists, intravenous aminophylline, parenteral corti-
costeroids, and oxygen. Occasionally, however, assis-
ted ventilation is necessary to save life in those
patients who do not respond or are moribund on
admission to hospital. Mechanical ventilation has
been used in the treatment of asthma for over two
decades' and facilities for ventilation should now be
available to all units treating patients with asthma.
Conventionally, assisted ventilation was used to cor-
rect blood gas abnormalities as quickly as possible;
but more recently it has been suggested that it is more
important to avoid high inflation pressures2 and to
accept hypercapnia and respiratory acidosis provided
that hypoxaemia is corrected.3

In this unit assisted ventilation was used in the
treatment of severe asthma on 48 occasions in the
period 1973-85, during which time therapeutic aims
did not change. We present the results of our experi-
ence.

Methods

PATIENTS
All asthmatic patients treated by assisted ventilation
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from 1973 to 1985 are included in the analysis. Eigh-
teen patients (11 female) with an age range of 13-82
years were ventilated on 48 occasions. All but one had
been treated for asthma for two years or more. One
patient was ventilated during her first attack of
asthma. One patient,4 now aged 26 years, was venti-
lated on 29 occasions, two patients were ventilated
twice, and the remaining patients were ventilated on
one occasion.
The regular treatment of the patients before their

admission to hospital is summarised in table 1. Hos-
pital treatment usually comprised hydrocortisone
(200mg intravenously four to six hourly), nebulised
salbutamol or terbutaline (5-10mg initially and as
necessary thereafter), aminophylline (5 mg/kg as a
slow bolus intravenous injection followed by a con-
stant infusion of 0.5 mg/kg per hour, or the constant
infusion alone in patients known to be taking a
sustained release theophylline preparation), and high
concentration oxygen.
Table 1 Regular treatment being taken before admission to
hospital

Treatment No ofpatients

Oral prednisolone 2
ACTH 3
Inhaled f agonist 15
Inhaled steroid 9
Oral theophylline (or derivative) 3
Inhaled cromoglycate 3
Other treatments 3
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Table 2 . Arterial oxygen and carbon dioxide tensions (Pao2 and Paco2) immediately before start ofassisted ventilation

PaO2 mm Hg (kPa) n Paco2 mm Hg (kPa) n* [H+] mmol I -1 pH nt

>90 (12) 22 >90 (12) 2 >70 <7.16 6
70-89 (9.3-11.9) 8 70-89 (9.3-11.9) 1 1 60-69 7.22-7.16 8
50-69 (6.6-9.2) 10 50-69 (6.6-9.2) 16 50-59 7.30-7.23 1 1
30-49(4.0-6.5) 8 30-49(4.0-6.5) 18 40-49 7.40-7.32 12

20-39 7.70-7.42 6

*Paco2 not recorded on one occasion.
tHydrogen ion not recorded on five occasions.

The mean duration of the exacerbation of asthma
before admission to hospital was 32 hours (range 30
minutes to 10 days). The mean time from admission
to endotracheal intubation was 18 hours (range 0-10
days). In four patients on five occasions assisted ven-
tilation was instituted immediately on admission.
The arterial blood gas data obtained immediately

before ventilation are summarised in table 2. All of
the blood gas samples were taken when the patients
were breathing oxygen enriched air.

INDICATIONS FOR ASSISTED VENTILATION
On 43 occasions there was prolonged respiratory dis-
tress associated with physical exhaustion. Type II
respiratory failure and respiratory acidosis were
present on 29 occasions. Respiratory arrest precip-
itated ventilation on five occasions.

VENTILATION TECHNIQUE
A volume cycled Cape ventilator was used for all
patients. Adjustments to the ventilator settings were
made according to body size and age. Sedation with
intravenous phenoperidine was given as required to
allow patients to synchronise with the ventilator.
Muscle relaxants were used only at the time of endo-
tracheal intubation. Arterial blood gas tensions and
hydrogen ion concentration were restored to normal
as quickly as possible. A minute volume of 10 litres
was used initially for adults, usually with a rapid
respiratory rate of 18-20 a minute. High inflation
pressures were ignored. The inspired oxygen tension
was adjusted according to the arterial oxygen tension
(Pao2) and minute volume according to the arterial
carbon dioxide tension (PaCo2). Arterial blood gas

analysis was performed at least hourly until normal
blood gases had been achieved.

Results

There was a wide range of duration of ventilation
from two hours to 17 days (median 24 h, mean 38 h).
The mean duration of hospital stay was nine days
(range 1-54 days).
The Pao2 was at least 90 mm Hg (12 kPa) within

two hours on all occasions. The mean time taken to

achieve a normal Paco2 was five hours (range 40
minutes to 19 hours).
The mean maximum inflation pressure was 41 cm

H20 (range 14-74 cm) and presures of over 50 cm
H20 were recorded on 11 occasions. The patient with
a low inflation pressure was ventilated because of a
combination of asthma and severe corticosteroid
myopathy affecting the respiratory muscles. Inflation
pressures tended to be higher (mean 43.7 cm H20) in
patients with a raised Pco2 (greater than 44mm Hg (6
kPa)) than in those with a normal Paco2 (mean 35.1
cm H20). These mean maximum inflation pressures
were not, however, significantly different (p < 0 1).

MORTALITY AND COMPLICATIONS OF
VENTILATION
One patient was ventilated for two days even though
she was shown to be brain dead 24 hours after venti-
lation had been started. She had had a respiratory
and cardiac arrest in another hospital and was trans-
ferred to our unit after assisted ventilation had been
instituted. This patient, who was dead on arrival, was
the only one who died. There were no pneu-
mothoraces or episodes of pulmonary infection. One
patient developed mediastinal and subcutaneous
emphysema. Transient hypotension was the only clin-
ically important complication recorded.

BLOOD PRESSURE AND PacO2
A blood pressure of less than 100/60 mm Hg was
recorded on 17 occasions: There was an association
between such hypotension and the rate of fall of
Paco2 (p < 0.05) (table 3).

Table 3 Number ofpatients with and without hypotensive
episodes grouped according to rate offall ofarterial carbon
dioxide tension (Paco2)

Rate offall No ofpatients No ofpatients
in PaCO2 with hy,otensive without hypotensive
(mm Hg/h) episode episode

<5 1 10
5-10 4 3
>10 6 5

*Blood pressure < 100/60 mm Hg.
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Relationship between thefall in arterial carbon dioxide
tension (Paco2) and thefall in systolic bloodpressure (BP)
in 24 patients in whom there was a documentedfall in systolic
pressure. (T = 0.46, p < 0.05). Conversion: Traditional to
SI units-Paco2: I mm Hg t 0.133 kPa.

The Paco2 was raised on 29 occasions. Its rate of
fall correlated with the fall in systolic blood pressure
(p < 0.05)-see figure.
One patient was responsible for more than half of

the episodes of ventilation. Because of this the data
were subjected to a x2 analysis and also to the method
described by Cox.' With both analyses (X2 = 6.27,
C = 2.04) there was a significant correlation between
rate of fall of Paco2 and systemic hypotension
(p < 0.05). Thus one patient requiring ventilation on
29 occasions did not influence the group as a whole in
respect of the relationship of Paco2 and hypotension.

There was no correlation between the peak
inflation pressure and either the fall in systolic blood
pressure or systemic hypotension-that is, blood
pressure below 100/60 mm Hg (table 4).

Table 4 Number ofepisodes ofassisted ventilation with and
without hypotension grouped according to peak inflation
pressure

Peak with inflation Patient episodes with Patient episodes with
pressure (cm H20) BP < 100/60 BP > 100/60

>50 4 7
25-50 1 1 21
<25 2 3

Higgins, Greening, Crompton

Discussion

Eighteen patients were responsible for 48 episodes of
assisted ventilation during a 12 year period. One
patient was ventilated for 48 hours even though she
was considered to be brain dead on arrival. The
remaining 17 patients survived without clinically
important complications. Transient systemic arterial
hypotension was recorded on 17 occasions, but did
not have any sequelae. It has been suggested that the
complications of ventilation of patients with asthma
are related to pulmonary barotrauma caused by high

267intrapulmonary pressures. 6 7 For this reason it has
been recommended that inflation pressures of < 50
cm of water should be avoided by planned assisted
hypoventilation, irrespective of the perpetuation of
respiratory acidosis in some patients.2 This approach
to the ventilation of patients with asthma would be
rational only if high inflation pressures had been
shown to cause serious problems such as pneu-
mothorax. This would not appear to be the case in
our experience. Pneumothorax is undoubtedly a
potentially lethal complication of ventilation of
patients with asthma but it is uncommon. In pub-
lished reports (table 5) the mortality of patients with
asthma requiring ventilation ranges between zero and
38%. Despite the high mortality reported by some
authors, however, only two patients appear to have
died directly as a result of pneumothorax that devel-
oped during ventilation.'4 `5 A more commonly
reported cause of death is the development of
mechanical problems with the ventilator." 13 As
such problems are more likely to occur when venti-
lation is prolonged reducing the time of ventilation to
a minimum is desirable.

It has been assumed that high inflation pressures
may be responsible for systemic hypotension, but in
our patients hypotension was related to the rate of fall
of Paco2 and not high inflation pressures. Hypo-
tension was recorded during a high proportion of the
episodes of ventilation in our patients but was not

Table 5 Previous reports ofassisted ventilation in asthma

Authors No of Deaths
episodes

Darioli and Perret 19842 34 0
Marchand and Van Hasselt 19668 14 3
Riding and Ambiavagar 19679 26 4
Williams and Crooke 196810 18 2
lisaloetal 19691 29 4
Sheehy etal 197212 22 2
Scoggin etal 197713 21 8
Webb et al 197914 20 7
Westennan et al 19791" 42 4
Halttunen et al 198016 30 3
Petheram and Branthwaite 1980"1 23 6
Picado etal 19831' 26 6
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associated with any observed complications. All
patients showed features of good peripheral perfusion
during the variable periods of hypotension and there
was no evidence of renal or cerebral ischaemic
age. The longest period of hypotension was 10 hours,
but in most patients it was less than two hours.
Our therapeutic aim has been to achieve normal

blood gas tensions as quickly as possible. In our opin-
ion it is irrational to maintain a respiratory acidosis to
avoid high inflation pressures, especially since these
do not appear to cause pneumothorax. In any event
high inflation pressures might be expected to be
applied to the trachea and major bronchi but not the
alveoli because of dissipation of such pressures by the
diffuse airways obstruction and mucus plugging.
Transient systemic hypotension does occur in some
patients as a consequence of this approach to venti-
lation but is without sequelae. By returning the Paco2
to normal as rapidly as possible we found that our
patients did not have to be paralysed and they
accepted assisted ventilation by a volume cycled ven-
tilator with the aid of narcotic drugs alone. When, on
the other hand, respiratory acidosis is deliberately
maintained, patients need to be paralysed to facilitate
ventilation. The use of muscle relaxant drugs is in
itself dangerous. One reported death was considered
to be due to a reaction to tubocurarine.9 Further-
more, paralysed patients are at greater risk if there are
mechanical problems with the ventilator.
The advantages of avoiding paralysis and pro-

longed ventilation persuade us that when ventilation
is required in the management of acute severe asthma
it should be used to correct blood gas abnormalities
as quickly as possible even though this may require
the use of high inflation pressures.

We are grateful to Dr IWB Grant, who was
responsible for the development of the intensive care
facilities in this unit and under whose care many of
the patients were treated. We are indebted to Dr
Robin Prescott of the Edinburgh University Medical
Computing and Statistics Unit for his helpful advice
and to Miss IA McCall for typing the manuscript.
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