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their first IPPV episode have subsequently died
from their asthma, at median (range) 1-6 years
(05-8-4) from their first IPPV.

Discussion
The treatment of asthma has changed consider-
ably since 1964, and this was apparent among
our ventilated patients. With more effective
treatment available, one might expect the num-
bers of asthmatic children requiring ventilation
to decline, but in our regional intensive care
unit this is not occurring. This is probably
because over the same period, admissions for
acute asthma have increased considerably, so
that in fact the proportion of admissions requir-
ing ventilation has declined. An increase in ter-
tiary referrals may also have contributed.

Asthmatic children who require IPPV tend to
be either the very young or teenagers, to have
developed asthma at an early age and required
multiple admissions, have an equal sex distribu-
tion (in contrast to the overall male predomi-
nance in childhood asthma), and have been pre-
viously undertreated. In all these characteristics
they resemble children who die from acute
asthma,9 13 14 and indeed our follow up showed
a high incidence of further IPPV episodes and
of sudden death from asthma. There may be
different mechanisms that predispose preschool
and teenage asthmatics to respiratory failure.
Young children have intrinsically narrower air-
ways, may develop respiratory muscle fatigue
more readily, and are less responsive to bron-
chodilators. Adolescents tend to comply poorly
with treatment, may start to smoke, and may
deny symptoms and therefore present later to
hospital. The three children who presented to
hospital after a respiratory arrest were aged 12,
14, and 15 years.
Asthmatics who survive IPPV tend to con-

tinue to have daily symptoms and considerable
life disturbance, and although many experience
further life threatening episodes, few have
either a clear plan of action or extra treatment
available at home to cope with a severe attack.

In the four large published series (comprising
19 to 30 episodes) of ventilated asthmatic chil-
dren, all American, the mortality rate ranged
from 0% to 5 3% of episodes.l In our series
mortality was considerably higher, eight of 48
episodes (17%) being fatal. No consistent differ-
ences were apparent between the American cen-
tres and Liverpool in management during
IPPV, but in the American series the threshold
for instituting IPPV appeared lower, and hence
the ventilated children less severely ill. In
Seattle for example, 5 3% of all acute asthma
admissions received IPPV (0-6% in Liverpool),
mean pH before intubation was 7-22 (7 09 in
Liverpool), and 5% of IPPV episodes followed a
respiratory arrest (10% in Liverpool).
We are still ventilating two to three asthmatic

children per year, and it seems liktelythat IPPV
could be avoided in some of these by improved
medical management. Among the children we
are ventilating, mortality appears unacceptably
high, and is most commonly related to hypoxic-
ischaemic encephalopathy before IPPV. Much
of this was occurring in hospital, and again

should be preventable. The main inadequacies
identified by our study were inconsistency in
management (for example, failure to start ster-
oids early), reluctance to use intravenous I6
agonists, reluctance to measure blood gases, and
failure to diagnose respiratory failure early. We
have attempted to correct these deficiencies by
introducing a written protocol for inpatient
management of acute asthma by junior staff.
Early clinical diagnosis of hypoxia and res-
piratory failure is essential but difficult, and to
measure arterial blood gases on all asthmatic
children admitted would be neither practicable
nor desirable. Semiobjective clinical scoring
systems have been advocated,'2 but have not
been proved to be of value. Pulse oximetry, now
becoming more widely available, should allow
earlier detection of hypoxia.

Ventilation is still required during some epi-
sodes of acute asthma despite improvements in
the treatment available. Improved monitoring
of children admitted with acute asthma and
intensive treatment of early respiratory failure
are neccessary to reduce the need for IPPV and
avoid hypoxic brain damage. Survivors con-
tinue to suffer from severe chronic asthma and
are at risk of sudden death from their disease.
They require close follow up into adult life and
must have a clear action plan for acute attacks.
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Commentary
Mortality from asthma in the United Kingdom
is unchanged or even rising,' despite the advent
of new drugs, more publicity, greater critical
appraisal of treatment policies, earlier hospital
admission, and the wider availability of mech-
anical ventilation (IPPV). The asthmatic pro-
cess is reversible in a high proportion of patients
and mechanical ventilation should, in theory,
buy time for other measures to take effect.
Nevertheless, most series describing the out-
come of IPPV for severe acute asthma in adults
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record a significant mortality26 and identify
avoidable factors.79 Against this background, it
is pertinent to examine data for asthmatic chil-
dren requiring IPPV and reported here from
Alder Hey Children's Hospital.

Seddon and Heafls results make depressing
reading. Forty seven episodes of mechanical
ventilation were required by 31 children, most
around the age of 2 years but with a smaller
peak in the teenage years. Approximately two
thirds had been admitted more than once in the
preceding year and only three children needed
mechanical ventilation on their first admission.
Despite this, more than half were receiving
either no treatment or bronchodilators alone
before their first episode of IPPV.

Eight children died during IPPV, five deaths
occurring in patients who had required IPPV on
an earlier occasion. Six suffered a cardiorespira-
tory arrest before intubation, three outside hos-
pital but another three who were already in the
intensive care unit. Five of these six children
died.
Those intubated after an arrest had usually

not had blood gas tensions measured. Fourteen
children in whom there were no arterial blood
gas measurements before intubation progressed
to respiratory failure, in hospital, over a median
time of six hours. By the time they were intu-
bated, many had evidence of cerebral or cardiac
hypoxia. Two suffered a respiratory arrest and
one a cardiac arrest during intubation. Six were
semiconscious, five unconscious, and two
having fits before intubation.

Hypoxic-ischaemic encephalopathy devel-
oped during nine episodes of IPPV, three of
which had been preceded by a cardiorespiratory
arrest and one by hypoxic fits. Six of these nine
instances proved fatal. There was evidence of
cerebral hypoxia before intubation in five of the
six.

Respiratory complications were seen too,
lobar collapse in 29 episodes (60%), pneumome-
diastinum in 13 (27%), and pneumothorax in 10
(2 1%). Acute circulatory impairment or collapse
after the institution of IPPV is the only compli-
cation recognised in adults but not included in
this series.7 8 1012
A novel and welcome feature of this report is

that the authors explored the subsequent pro-
gress of their subjects. Here too their findings
are sombre. Four more children have died, all
from a rapidly evolving attack of asthma. Six-
teen of 17 survivors followed up for more than a

year continued to suffer asthmatic symptoms,
which were present every day in more than half
of them.
The conclusions are clear. IPPV is needed for

a small number of asthmatic children each year.
Avoidable deficiencies of management and an
unacceptably high incidence of hypoxic compli-
cations have been identified. Survivors remain a
high risk group in need of long term supervision
and counselling, with a clear action plan agreed
for handling an acute attack. As a result of these
findings, a written protocol has been introduced
at Alder Hey to improve the service and reduce
mortality in future.

Seddon and Heaf are to be congratulated for
their tenacity in gathering this data which
covers a 25 year span, for their honest reporting
of deficiencies in management, and for remind-
ing us that there is a small, high risk group of
asthmatic subjects for whom 'too little, too late'
can easily prove fatal. Above all they are to be
congratulated for their constructive and practi-
cal attempt to identify how services for these
vulnerable young patients can be improved in
the future.
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