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ABSTRACT: Current British guidelines for the administration of b2-agonists in acute
severe asthma recommend regular nebulized therapy in hospitalized patients, follow-
ed by as-required (p.r.n.) use via hand-held devices after discharge. Since b2-agonists
do not possess anti-inflammatory activity in vivo, and are thus unlikely to influence
the rate of recovery from an asthma exacerbation, it was hypothesized that patients
given the short-acting b2-agonist salbutamol on an as-required basis after admission
to hospital would recover as quickly as those on regular treatment, but with potential
reductions in the total dose delivered.

Forty-six patients with acute severe asthma were randomly assigned to either regu-
lar prescriptions of nebulized salbutamol or to usage on a p.r.n. basis, from 24 h after
hospital admission. The primary outcome measures were length of hospital stay, time
to recovery, and frequency of salbutamol nebulization from 24 h after admission to
discharge. Secondary outcome measures were treatment side-effects (tremor, palpita-
tions), and patient satisfaction.

Length of hospital stay was reduced in those patients allocated to p.r.n. salbutamol
(geometric mean (GM) 3.7 days) versus regular salbutamol (GM 4.7 days). Time tak-
en for peak expiratory flow to reach 75% of recent best was the same in both groups.
There was a highly significant reduction in the number of times nebulized therapy
was delivered to the p.r.n. group (GM 7.0, range 1±30) compared with the regular
treatment group (GM 14.0, range 4±57; p=0.003; 95% confidence interval for ratio of
GMs 1.29±3.09). In addition, patients reported less tremor (p=0.062) and fewer palpi-
tations (p=0.049) in the p.r.n. group. Of the patients in the p.r.n. group who had re-
ceived regular nebulized therapy on previous admissions (n=12), all preferred the
p.r.n. regimen.

Prescribing b2-agonists on a p.r.n. basis from 24 h after hospital admission is asso-
ciated with reduced amount of drug delivered, incidence of side-effects, and possibly
length of hospital stay. This has implications for the efficient use of healthcare re-
sources.
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Acute asthma remains a frequent cause of morbidity
throughout the world, and sets a great financial burden on
overstretched healthcare resources. In spite of extensive
laboratory and clinical research, there is still no firm evid-
ence to indicate the optimal mode of treatment for patients
with acute exacerbations of their disease.

Current British guidelines [1] on the treatment of acute
severe asthma propose an initial 5 mg dose of salbutamol
or 10 mg of terbutaline delivered by nebulizer, followed
by regular nebulized doses at four-hourly intervals for pa-
tients who are responding. However, one-tenth of this dose
delivered by metered-dose inhaler and large volume spa-
cer has been shown to be just as effective [2, 3]. The Brit-
ish Thoracic Society guidelines on the use of nebulizers in
acute severe asthma reflect current UK practice, stating
that administration of regular nebulized b2-agonists should
be continued until patients meet the criteria for discharge
[4], at which point they are converted to hand-held inhaled
therapy. If stable for a further 24 h, patients can then go
home.

In addition to the costs of giving regular nebulized
treatment, there are potentially serious adverse effects of
high-dose treatment, including the development of hypo-
kalaemia, arterial hypoxaemia, and, in older patients, car-
diac ischaemia, all of which may predispose to cardiac
arrhythmias and sudden death [5±9]. Furthermore, there is
evidence which suggests that longer-term, regular treatment
with short-acting b2-agonists leads to a deterioration in
asthma control and may predispose to asthma death
[10±12], and it is with this in mind that current guidelines
suggest only as-required (p.r.n.) use of these drugs for
maintenance medication.

It is likely that the underlying pathology in many pa-
tients requiring hospitalization for acute severe asthma is
an exacerbation of the airway inflammatory response [13±
16], and corticosteroids, which have potent anti-inflam-
matory activity, appear to hasten recovery, with a parallel
improvement in inflammatory indices [15±19]. Since b2-
agonists are apparently devoid of important anti-inflam-
matory effects in vivo [20], it was hypothesized that patients
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given the short-acting b2-agonist salbutamol on an as-
required basis after admission to hospital would recover as
quickly as those on regular treatment, but with potential
reductions in the total dose delivered. A prospective rand-
omized study was therefore performed to evaluate the effi-
cacy of regular versus p.r.n. nebulized salbutamol in the
management of patients with acute severe asthma.

Methods

Study design

This was an open, prospective, randomized, controlled
study. From the length of stay data in the authors' 1994
asthma audit of 50 patients admitted with acute asthma
(geometric mean length of stay 4.7 days, range 1±12
days), the number of times nebulized therapy would have
been administered when prescribed on a regular basis
from 24 h after admission to 24 h before discharge was
estimated. From this, a sample size of 39 patients was es-
timated to give the study at least 80% power at 5% sig-
nificance to detect a 33% difference in the frequency of
nebulization between the two intervention groups. Forty-
six patients admitted consecutively to the respiratory unit
at Glenfield General Hospital with a diagnosis of acute se-
vere asthma were subsequently invited to take part. Forty-
five patients had pre-existing asthma and one patient was a
new presentation. Patients were eligible if they were bet-
ween 17 and 65 yrs of age, and were not using regular ne-
bulized b2-agonists at home. All subjects included in the
study gave their written informed consent and the study
was approved by the Leicester Health Authority Ethics
Committee, with the proviso that all patients included in
the study would receive regular four-hourly nebulizers for
the first 24 h, in line with current British guidelines.

On admission, the following variables indicative of as-
thma severity were recorded before treatment in all pati-
ents: pulse, respiratory frequency, transcutaneous oxygen
saturation while receiving 40% O2 via facemask, and peak
expiratory flow (PEF) (Wright mini-peak flow meter; Cle-
ment Clarke International, London, UK). Measurement of
blood gases was optional at the discretion of the admitt-
ing physician. Initial treatment was administered in ac-
cordance with current British guidelines [1], with 5 mg
nebulized salbutamol initially, repeated as required, and
continued at four-hourly intervals for 24 h. Consecutive
consenting patients were randomized by hospital number
so that, from 24 h after admission, they would receive
either regular four-hourly nebulized salbutamol 5 mg (odd
numbers) (n=24), or 2.5±5.0 mg nebulized salbutamol as
required (even numbers) (n=22). Patients in the p.r.n.
group were simply instructed to ask for nebulized treat-
ment if they felt it was required, just as they would if they
were symptomatic when using regular treatment. Patients
in the regular treatment group were also allowed addi-
tional nebulized salbutamol if needed. Administration of
other medications was left to the discretion of the pres-
cribing physicians who followed the current British guide-
lines. Thus, all patients received prednisolone 40 mg daily,
and received nebulized ipratropium and/or intravenous
aminophylline if indicated. When PEF reached 75% of
best and diurnal PEF variation was <25%, nebulized ther-
apy was discontinued, and normal hand-held therapy pre-
scribed as per British asthma guidelines. The prescribing

physicians were unaware of the randomization method
which was controlled by one of the investigators (I. Rush-
by).

The primary outcome measures to be examined were
length of stay in hospital, time taken for the PEF to reach
75% of the best value in the preceding year, and frequency
of salbutamol nebulization from 24 h after admission to
discharge. Secondary outcome measures were treatment
side-effects (tremor, palpitations).

Data analysis

Baseline demographic data are expressed as means�
SEM, or medians and ranges where appropriate. Data for
length of stay in hospital, time taken for the PEF to reach
75% of previous best, number of nebulizations adminis-
tered, and total salbutamol use from 24 h after admission
were log transformed, and differences between groups ex-
plored using the unpaired Student's t-test. These data are
presented as geometric means (ranges). Frequency of side-
effects, recorded as present or absent, were compared us-
ing Fisher's exact test (two-tailed). The level of statistical
significance was accepted as p<0.05.

Results

All of the 46 patients invited to take part in the study
accepted, and no patient withdrew for any reason. Rand-
omization by hospital number resulted in 24 patients
receiving regular nebulized salbutamol, and 22 p.r.n. salb-
utamol. The baseline demographic data of the 46 patients
are shown in table 1. Patients randomized to the two groups
were well matched at baseline for age, sex, PEF (% of
best value in last year and % predicted), pulse, respiratory
frequency, requirement for blood gas analysis, length of
asthma history, and pre-admission medication. Additional
treatment requirements for the first 24 h, and PEF values
after 24 h were also well matched (table 2), indicating that
neither group was at a disadvantage at the time randomi-
zed treatment was commenced. Following the commence-
ment of randomized treatment 24 h after admission, 6
(25%) patients in the regular group received additional
nebulized ipratropium bromide compared with 3 (14%)
patients in the p.r.n. group. A further patient in the p.r.n.
group received intravenous aminophylline from 24 to 48
h after admission.

The outcome data are summarized in table 3. There was
a significant reduction in length of hospital stay in pat-
ients receiving nebulized salbutamol on a p.r.n. basis (geo-
metric mean 3.7 days, range 2±7 days) compared with
those receiving regular medication (geometric mean 4.7
days, range 2±12 days, p=0.044; 95% confidence interval
(CI) for ratio of geometric means 1.01±1.62). The time
taken for the PEF to reach 75% of the best value in the
last year was similar in the two groups (p.r.n. group geo-
metric mean 2.7 days, range 1±7 days; regular group geo-
metric mean 2.7 days, range 1±8 days; p=0.95). There
was a highly significant reduction in the number of times
nebulized therapy was delivered to the p.r.n. group (geo-
metric mean 7.0, range 1±30) compared with the regular
treatment group (geometric mean 14.0, range 4±57; p=
0.003; 95% CI for the ratio of geometric means 1.29±
3.09). Not surprisingly, this was paralleled by a highly
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significant difference in the total dose of salbutamol
delivered by nebulizer to the p.r.n. group (geometric
mean 29.4 mg, range 5.0±85.0 mg) compared with the
regular group (geometric mean 62.8 mg, range 15.0±
207.5 mg; p=0.001; 95% CI for ratio of geometric means
1.37±3.33). PEF recordings on discharge (% best), were
the same in the two study groups (p.r.n. group mean 92.5
(3.6%), regular treatment group mean 89.0 (2.8%), p=
0.45), demonstrating that the degree of recovery in the
two groups was the same. Tremor and palpitations were
reported less frequently in the patients receiving p.r.n.
treatment (18.2% and 4.5%, respectively) than in those
receiving regular treatment (45.8% and 29.2%, respec-
tively) (p=0.062 for tremor, p=0.049 for palpitations). All
patients in the p.r.n group who had previously been
admitted (n=12) and received regular nebulized treatment
in the past said they preferred receiving this therapy on an
as-required basis.

Analysis restricted to the more severe patients admitted
with PEF <50% pred (n=17 and n=15 in the regular and
p.r.n groups, respectively) showed that they did not differ
from the study population as a whole in terms of any of the
outcome measures.

Discussion

This study has demonstrated that patients admitted to
hospital with acute severe asthma can be treated safely
with nebulized salbutamol on an as-required basis, from 24

h after admission onwards. In fact, there are several ad-
vantages for both the patient and the hospital with this
form of management, with potential reductions evident in
length of inpatient admission, quantity of nebulized b2-
agonists delivered, and incidence of reported side-effects.
Furthermore, patients receiving p.r.n. treatment, who had
received regular treatment on previous admissions, pre-
ferred the as-required protocol.

Following recent concerns about the safety of b2-ago-
nists, current advice is that they are reserved for treatment
of symptoms on an as-required basis in the community
[1]. Exacerbations of asthma requiring hospital admission
are likely, in most cases, to be a consequence of potentia-
tion of inflammatory mechanisms within the bronchial
mucosa, often in association with viral infection [13±16,
21]. Recovery coincides with resolution of the inflamma-
tory changes [15, 16], which is probably the mechanism
through which corticosteroids exert their antiasthma effect.
As b2-agonists do not appear to exert important anti-in-
flammatory effects in vivo [20], it also seems logical that,
during asthma exacerbations, they still be used for the
treatment of symptoms on an as-required basis, particularly
as drug requirements will vary from patient-to-patient. The
results of this study clearly support this idea, and demon-
strate that the regular administration of nebulized b2-ago-
nists is unnecessary.

A surprising finding was that length of hospital stay
was reduced in the p.r.n. group. The main purpose of mon-
itoring this was to ensure that the p.r.n. protocol was not
harmful to patients, which from the data the authors can
be confident is not. This difference in hospital stay bet-
ween the two groups is probably not an adverse effect of
prescribing regular nebulized salbutamol, since the time
taken for PEF to reach 75% of the recent best value was
almost identical in both groups. This latter observation
also indicates that p.r.n treatment was not harmful. Time
of discharge from hospital, however, may be influenced by
a number of factors, so in this relatively small population
it is not possible to be sure that the difference observed
between the two groups is related to the treatment in-
terventions. However, the longer stay in the regular

Table 1. ± Demographic data and markers of asthma severity at time of admission while breathing 40% O2 expressed as
mean�SEM

Regular salbutamol
group (n=24)

p.r.n. salbutamol
group (n=22)

Sex F/M 17/7 15/7
Age yrs 32�2 28�2

(range) yrs (18±54) (17±57)
Asthma history yrs* 12.5 (0±31) 17.5 (1±36)
Initial PEF % best 50.3�2.7 56.9�3.4
Initial PEF % pred 45.6�3.5 47.4�3.6
Pulse rate beats.min-1 106.5�3.6 102.5�3.5
Respiratory frequency breaths.min-1 24.9�1.9 25.1�1.3
Oxygen saturation % 95.3�0.5 94.9�0.5
Blood gases sampled n 20 14
PCO2 in those sampled kPa 4.4�0.2 4.2�0.2
Pre-admission medication n

Inhaled b2-agonists 23 22
Inhaled steroids 18 21
Oral steroids 3 3
Theophylline 1 1

*: expressed as median (range). M: male; F: female; PEF: peak expiratory flow; PCO2: carbon dioxide tension.

Table 2. ± Additional treatment requirements during the
first 24 h and peak expiratory flow (PEF) values at the end
of this period immediately prior to randomization expres-
sed as mean�SEM

Regular
salbutamol

group (n=24)

p.r.n.
salbutamol

group (n=22)

Ipratropium bromide n 7 4
Intravenous aminophylline n 0 1
PEF at 24 h % best 66.7�4.0 67.4�3.0
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salbutamol group may reflect in part the extra day needed
to switch patients to the hand-held inhaled therapy they
will take at home, in accordance with current British
guidelines [1, 4]. It would be inappropriate to make fin-
ancial calculations on the basis of a borderline significant
reduction in length of hospital stay. However, the data on
drug usage do suggest that the reduced frequency of
nebulization will lead to efficiency savings in terms of
nursing time, and small but not insignificant financial
savings in terms of expenditure on salbutamol. In addition,
patients avoid unnecessary treatment, with the result that
they experience fewer side-effects and potentially less risk
of serious adverse effects.

One potential criticism of this study is that it was not
performed blind. This would have required administering
a regular nebulized placebo to the as-required treatment
group in the form of 0.9% saline. This, however, may not
be without some therapeutic benefit through its potential
to hydrate and loosen sticky secretions, which contribute
significantly to the airflow obstruction of acute asthma
[13], and would not be used subsequently if clinical prac-
tice were to be altered. Furthermore, it is likely that most
patients could detect the difference between nebulized
placebo and salbutamol by the clinical response. What is
important is whether performing an open study will have
biased the results in favour of the p.r.n. group. The authors
believe this is unlikely as, firstly, the attending clinicians
were unaware of the randomization method, and so could
not have influenced treatment during the first 24 h of
admission. This is supported by the similar needs for addi-
tional treatments and the degree of recovery in the two
groups based on PEF data after 24 h, and that, after rando-
mization, additional treatment requirements remained the
same in the two groups. Furthermore, the attending clini-
cians had nothing to gain from the outcome of this study
and would therefore be unlikely to favour one arm in pref-
erence to the other. Secondly, several patients in each
study group had been admitted previously, and, as far as
they were concerned, regular nebulized b2-agonists were
the standard form of treatment. From the patients perspec-
tive it is therefore perhaps more likely that receiving treat-
ment on a p.r.n. basis would be perceived as having the
potential to do more harm, and, if anything, might have
biased the results in favour of the regular treatment group.

There were four patients in this study who required ad-
ditional treatment (three nebulized ipratropium, one intra-

venous aminophylline) while receiving p.r.n salbutamol.
There could be concerns that while the p.r.n. treatment
protocol is safe for most patients, these patients at the
more severe end of the spectrum could be undertreated
and put at risk. However, prescribing treatment at regular
fixed intervals for patients with more severe asthma would
not necessarily be any safer, since some patients may need
nebulized b2-agonists more frequently than prescribed, or
even continuously, and are in effect still receiving them
p.r.n. What is important is that the more severe patients
receive an appropriate level of medical attention.

In summary, it was demonstrated that nebulized salb-
utamol administered on an as-required basis from 24 h
after hospital admission for acute severe asthma has ad-
vantages over regular nebulized treatment with respect to
frequency and dose of drug administered, side-effect pro-
file, patient preference, and possibly length of hospital stay.
The authors have altered the prescribing policy in their
hospital accordingly, and have not had any adverse events
over the 9 months that this has been in practice.
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