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Summary

Background Sputum induction is a safe and effective technique to study airway
inflammation in stable asthma. However, it has the potential to induce bronchospasm and
the safety and efficacy of the technique in acute asthma has not been determined.
Objective The objective of this study was to evaluate the safety and efficacy of a protocol
to induce sputum using isotonic saline in adults with acute exacerbations of asthma.
Methods Adults (n = 47) presenting to the emergency room with acute asthma and an
FEV, > 1.0 L underwent supervised sputum induction with 0.9% saline delivered by an
ultrasonic nebuliser. Induction was ceased if there was a fall of 20% or greater from
baseline FEV.

Results  Subjects had moderate to severe exacerbations of acute asthma. An adequate
sputum sample was obtained in 87% of subjects. Four subjects ceased induction because of
symptom distress. There was a fall =20% in 28% of subjects. Bronchoconstriction was
successfully reversed by salbutamol in all subjects. Predictors of significant bronchocon-
striction were older age, use of ingested corticosteroids, and a requirement for high-dose
nebulized salbutamol for the exacerbation. Maintenance long-acting [3,-agonist therapy
protected against bronchoconstriction during sputum induction.

Conclusions Sputum induction in acute asthma using isotonic saline is highly efficacious
in obtaining an adequate sputum sample. There is the potential for significant
bronchoconstriction to occur but this can be managed safely with minimal discomfort to
subjects.
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Introduction [4,5]. While induction was less successful if normal saline
was used, sputum cell counts were unaffected by the
tonicity of saline [6]. The main safety concern with sputum
induction has been the risk of bronchoconstriction, as
hypertonic saline is a potent stimulus to airway narrowing
in asthmatics. Pre-treatment with salbutamol has been used
to alleviate this [6,7] but significant airflow obstruction can
still occur in subjects with severe asthma [8].

It is important to evaluate airway inflammation in acute
severe asthma, especially as the inflammatory cell pattern,
cytokine profile [9] and treatment response may differ from

Sputum induction has emerged as a useful non-invasive
technique to assess airway inflammation in subjects with
asthma and has been shown to return reproducible data with
regard to cellular and soluble markers of inflammation
[1,2]. Since the method was first described in subjects with
stable asthma [3] it has been established that the inhalation
of hypertonic saline from an ultrasonic nebuliser results in
an adequate sputum sample from at least 70% of subjects
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stable asthma. Bronchoscopy remains contraindicated in
acute severe asthma, and sputum induction with hypertonic
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saline may also be contraindicated because of the risk of
severe bronchoconstriction. Recently the use of isotonic
saline to induce sputum in acute exacerbations of asthma
has been reported [9—11]. The safety of this technique has
not previously been evaluated in detail and is the subject of
this report. In a study of the causes and characteristics of
airway inflammation in acute severe asthma [12] additional
information was collected to systematically assess the
safety of sputum induction using isotonic saline in acute
asthma. In this paper we aim to evaluate the safety and
efficacy of sputum induction in adults with acute exacer-
bations of asthma, using an inhalation protocol with
nebulised 0.9% saline after pre-treatment with inhaled
salbutamol.

Methods

Design

Subjects who presented spontaneously to the emergency
room with an acute exacerbation of asthma were recruited.
After triage, medical assessment and initial bronchodilator
treatment, a clinical history was taken defining medications
used for asthma when stable and since symptoms deterio-
rated, and the time course of the exacerbation. Spirometry
was performed (Vitalograph Ltd, Buckingham, UK) and
subjects were pre-treated with salbutamol and sputum
induced using 0.9% saline. Background asthma severity
was assessed using the Aas score, which is based on clinical
symptoms, frequency and severity of exacerbations and
medication use [13]. Subjects returned 4 weeks after
presentation when they had clinically returned to baseline;
they were then assessed with allergy skin test and bronchial
provocation challenge using hypertonic saline. The study
was approved by the Hunter Area Research Ethics
Committee and all subjects gave written informed consent.

Subjects

Adults (n = 47), aged 16-81 years, who presented to the
emergency room of John Hunter Hospital with an acute
exacerbation of asthma, who were unable to produce
spontaneous sputum, and who had no contraindication to
sputum induction, were included. Asthma was defined based
upon a previous physician diagnosis and ATS criteria of a
compatible history, together with either bronchial hyper-
responsiveness (BHR; PD,g gine < 15 mL) or an improve-
ment in FEV, of > 15% after salbutamol 200 pg. An acute
exacerbation of asthma was defined as: a deterioration in
symptoms of wheeze, breathlessness or cough; an increase in
use of short-acting [3,-agonist for relief of symptoms; or a
deterioration in self-monitored peak expiratory flow (PEF)
leading to presentation to the emergency room for treatment

of acute asthma. Subjects were excluded if they did not
fulfill the inclusion criteria, if they were on daily
maintenance oral corticosteroids for asthma, if they had a
coexisting physician diagnosis of chronic obstructive
pulmonary disease (n = 9), if they had an infiltrate on chest
radiograph suggesting pneumonia (n = 1), if their FEV, was
less than 1 L after salbutamol 200 wg (n = 33), or if they
had another contraindication to sputum induction in acute
asthma (pneumothorax n = 1, pregnancy n = 3).

Sputum induction

Sputum induction was performed by a medical practitioner in
the emergency department and after pre-treatment with
salbutamol 200 g delivered via a Volumatic spacer (Allen
and Hanbury’s, Melbourne, Victoria, Australia). All subjects
received supplemental oxygen at 2 L/min via nasal prongs
during sputum induction, and inhaled sterile normal saline
(0.9%) from a DeVilbiss 2000 ultrasonic nebuliser (Oregon,
Pike, PA, USA) with 23 cm corrugated tubing and a Hans
Rudolph 2700, 2-way non-rebreathing valve box (Hans
Rudolph Inc, Kansas City, KS, USA) with a rubber
mouthpiece. The nebuliser output was 1.8 mL/min and
particle size (MMAD) < 5 pwm. Saline was nebulised for
30 s, 1 min and then for 2 x 2-min periods. Spirometry was
performed before and after salbutamol and then 1 min after
each nebulisation period. Sputum induction was ceased when
an adequate sample was obtained after nebulisation, if FEV,
fell below 20% of pre-induction baseline, or at the subject’s
request. Salbutamol 200 ng was given following the
induction if there had been a fall in FEV, of at least 15%
from baseline or if the subject requested it for symptoms.
Salbutamol 200 g was then repeated at 5S-min intervals until
the FEV, had returned to within 10% of baseline. Sputum
was processed as described [10,12]. Nebuliser output was
measured by weighing the nebuliser cup and tubing before
and after induction. At the time of collection a sample was
judged to be adequate if there was estimated to be at least
400 pL of lower airway secretions present. In the laboratory
the sample was judged adequate upon the presence of intact,
classifiable cells on a cytospin slide (countable cytospin).
The protocol for sputum induction is summarized in Fig. 1.

Statistical methods

Statistical analysis was carried out using STATA (STATA
Corporation, College Station, TX, USA). Most variables were
not normally distributed and values have been expressed as
medians and the interquartile range. Differences between
groups have been analysed using Wilcoxon’s rank sum test.
Differences in proportions between groups were analysed by
Fisher’s exact test or chi-square. Univariate relationships
between continuous variables were analysed by Spearman’s
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Acute asthma
Measure FEV,
Give salbutamol 200 pgin spacer
Repeat FEV,
FEV;<1.0L FEV,;>1.0L
No induction Step wise induction:
30s
1 min
2 min
2 min
Measure FEV;
after each step
Fall > 20% Fall <20%
from baseline from baseline
FEV, FEV,

Fig. 1. Protocol for sputum induction in
acute asthma using nebulised isotonic

Give salbutamol 200ug cease induction when
until returned to within adequate sputum
10% of baseline FEV, obtained or specified

Cease induction Complete protocol or

time reached

saline.

rank correlation coefficient, ». Multivariate analysis of
variables was carried out after log transformation. Signifi-
cance was accepted when P was < 0.05.

Results

Sputum induction

The 47 subjects (14 male) had moderate airway obstruction

at presentation with a median (IQR) baseline FEV, after
salbutamol of 57.6% (31.3-97.3) predicted (the FEV,
measured after salbutamol 200 pL is referred to as the
baseline FEV ). Most subjects (31, 66%) required admis-
sion to hospital for management of the exacerbation. The
background asthma severity gave an Aas score of 4 (1-5).
At recovery 4 weeks later, FEV| improved to 74.6% (42.3—
110.1) predicted. An adequate sputum sample was obtained
from 87% (n = 41) of subjects (Fig. 1). In most subjects

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1745-1753



1748 P A. B. Wark et al.

80 -
70 -

40
30

Adequate sample %

10 -

0 1 1 1 I I I 1 I I

0 05 1 15 2 25 3 35 4 45

Nebulisation time (min)

(68%) an adequate sample was obtained after 3.5 min
nebulisation time, corresponding to a dose of 6.3 mL
(Fig. 2).

The median fall from baseline FEV; during sputum
induction was 9% and 62% of subjects required rescue 3,-
agonist during induction (Table 1). Most subjects had
adequate reversal of bronchoconstriction with 200 g
salbutamol, with post-induction FEV, improving to 99%
of baseline values. All subjects had returned to within 10%
of their baseline FEV; within 15 min of completing the
induction. Nineteen subjects had achieved 90% of their
baseline FEV; by 5 min after one dose of salbutamol
200 pg, eight took 10 min and two doses of salbutamol
200 pg, while two subjects took 15 min and three doses of

Table 1. Characteristics of sputum induction in acute asthma,
median (interquartile range)

Nebuliser time (min) 1.5 (0.5-5.5)
Total nebuliser dose (mL) 2.3 (0.8-8.2)
Adequate sputum obtained, n (%) 41 (87%)
Baseline FEV, (L)* 1.9 (1.1-3.0)
Maximum fall in FEV;, % baseline 9 (2-35)
Rescue {3, required, n (%) 29 (62%)

Post-induction FEV as percentage
baseline FEV;
Adverse effects leading to cessation
of induction, n (%)

Fall FEV, = 20%

Patient discomfort

99.1 (92-100)

13 (28%)
4 (9%)

*Recorded after inhaled salbutamol 200 g.

5 55 6

Fig. 2. Nebulisation time required to
induce sputum with 0.9% saline in acute
asthma.

salbutamol 200 pg. The induction was ceased because of
significant airway obstruction (fall in FEV; > 20% base-
line) in 13 (28%) subjects. Four subjects (9%) requested
that the induction cease because of symptomatic distress,
three due to coughing and one due to breathlessness. The
sputum sample was inadequate in two of these subjects.
Only one subject was unable to produce adequate sputum
after completing the full protocol.

Characteristics of subjects who fell =20% with sputum
induction

A significant fall in FEV, of = 20% from baseline occurred
following induction in 13 subjects (Fig. 3) and these
subjects were compared with those who fell less than
20% (Table 2). Both groups had similar lung function
before and after the induction and similar asthma severity.
Those who fell by 20% or more were more likely to have
commenced oral prednisone prior to presentation and to
have used a higher dose of nebulized salbutamol in the
previous 12 h (Fig. 4). Subjects using a long-acting {3,-
agonist were less likely to have a significant fall in FEV,
(Fig. 4).

Predictors for a fall in FEV; with sputum induction

There was no relationship between the maximum fall in
FEV, during sputum induction and the baseline FEV prior
to induction (r = — 0.14, P = 0.3) or the degree of airway
hyper-responsiveness measured as PDy gajine at recovery,
4 weeks post-exacerbation (r = — 0.1, P = 0.7). Simi-
larly, there was no relationship between the maximum fall
in FEV; and the time of nebulization (r = 0.1, P = 0.8) or
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more common with longer nebulisation
time.

the dose of saline delivered (r = 0.02, P = 0.9). There
was, however, a relationship between the fall in FEV, and
the amount of nebulized salbutamol used in the 12 h prior
to presentation to the emergency room (r = 0.54,
P = 0.01). There were weaker correlations with the
number of puffs of salbutamol used in the 12 h prior to
presentation, and a greater fall in FEV; (r = 0.33,
P = 0.06), and a higher dose of prednisone used being
associated with less of a fall in FEV, during the induction
(r=— 041, P = 0.07).

A multivariate linear regression model was used to
determine which variables were independently associated
with a fall in FEV,, after adjustment for the dose of saline

Nebuliser time(min)

delivered during sputum induction (fall in FEV,/mL saline
delivered). The model with the best fit explained 95.2% of
the variation in the magnitude of the fall in the adjusted
FEV, during sputum induction (Table 3). In this model
increased age (coefficient 0.03, P = 0.03) was associated
with a greater fall in FEV, during induction, while the use
of long acting [,-agonists (— 0.95, P =0.04) was
associated with a significantly lesser fall in FEV; during
induction.

Discussion

This study establishes the efficacy and safety of a protocol

Table 2. Characteristics of subjects whose FEV, fell =20% with sputum induction, median (interquartile ranges)

< 20% fall in FEV, = 20% fall in FEV, Analysis
n 34 13 NA
FEV, at baseline* (L) 1.9 (1.2-2.8) 1.7 (1.3-2.3) P=03
FEV,% predicted* at baseline 64.2 (35.3) 56.3 (42.3-69.7) P=02
Nebuliser time (min) 1.5 (1.5-5.5) 3.5 (1.5-3.5) P =07
Total nebuliser dose (mL) 2.2 (2.19-7.7) 5.2 (1.9-5.8) P=09
Post-induction FEV, % baseline 99.1 (94.7-100) 98.9 (95.8-100) P =09
Time for FEV; to return to 10%
of baseline FEV; (min) 0 (0-5) 10 (5-10) P < 0.001
Asthma severity scoref 4 (1-5) 4 (4-5) P=04
Dose of nebulized salbutamol used (mg): 30 (30-35) 60 (40-60) P =0.01
Inhaled salbutamol, puffs§ 12 (8-24) 18 (16-20) P=02
Inhaled corticosteroids BDP/pg day{ 800 (750-2000) 500 (500-1500) P=04

*Recorded after inhaled salbutamol 200 pg. tThe amount of inhaled salbutamol (100 g per metered dose puff) measured in puffs in the
12 h prior to presentation with acute asthma. £Dose of inhaled corticosteroids used measured in beclomethasone pg used per day. This is
where 1 pg of beclomethasone = 1 wg of budesonide and 0.5 g fluticasone. §Aas severity score. {Dose of nebulized salbutamol used in
the 12 h prior to emergency room presentation (mg).
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to induce sputum using isotonic saline in adults with acute
exacerbations of asthma. We found that we were able to
obtain an adequate sputum sample in 87% of subjects and
that there were no serious complications. Despite [3,-
agonist pre-treatment, and despite the use of isotonic saline,
28% of subjects had a significant fall in FEV,. However, all
subjects could be rescued with salbutamol and had returned
to within 10% of their baseline FEV, by 15 min after
induction. The predictors of a fall in FEV; during sputum
induction in acute asthma were an older age, an exacerba-
tion requiring the use of prednisone and the use of high-
dose salbutamol for the exacerbation. The prior chronic use

proportion than those who did have a fall
in FEV 1-

of long-acting [3,-agonists seemed to protect against a fall
in FEV; during sputum induction.

The recent widespread use of sputum induction to assess
airway inflammation in asthma and more recently COPD
has occurred because it is relatively well tolerated, easy to
perform, safe and provides valid and reproducible results
[2,6]. The success of the technique relies upon the subject
producing a technically adequate sputum sample, which is
possible to obtain in more than 75% of subjects from as
young as 8 years of age [3—5]. These results have been
obtained using an ultrasonic nebuliser with concentrations
of saline of 3% or greater.

Table 3. Multivariate regression model to predict the maximum fall in FEV, during sputum induction

Maximum fall in FEV, as percentage from Standard

baseline/mL saline Coefficient error P> (1)
Log nebulized salbutamol dose (1 mg) 0.32 0.18 0.2
Log prednisone dose (1 mg) 1.33 0.35 0.06
Long-acting 3,-agonists or theophylline used — 0.95 0.19 0.02
Admitted to hospital 0.30 0.26 0.4
Length of stay in hospital (days) — 0.06 0.04 0.3
FEV; % predicted, prior to salbutamol — 0.01 0.002 0.3
Aas severity score - 0.15 0.07 0.2
Age (yr) 0.03 0.01 0.03
Sex (male) 0.03 0.19 0.9
Constant 1.63 0.34 0.01

Prob >F, P = 0.04. Adjusted R-squared = 0.9524.
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Popov et al. reported that using isotonic saline was better
tolerated than hypertonic saline [2,6]. Although the sputum
quality was no different to hypertonic saline [2,6], an
adequate sputum was obtained less often, in only 36% of
inductions compared with 79% with 5% hypertonic saline
[6]. In view of the unstable nature of subjects with acute
asthma, we considered that the risks from hypertonic saline
might be excessive. We therefore evaluated the safety and
success of induction using isotonic saline for sputum
induction in acute severe asthma. We found that isotonic
saline gave a good success rate in acute asthma and that
only a brief period of nebulisation was required. Normal
saline was nebulised for a median period of 1.5 min and at
a median dose of 2.3 mL of saline delivered. This success
rate is likely to be due to the fact that subjects with acute
asthma have more intense airway inflammation and
consequently more sputum production. It may be argued
that an adequate sputum specimen could be obtained by
spontaneous expectoration alone. Our previous experience
is that spontaneous sputum alone in acute asthma will yield
an adequate sample in only 50% of subjects [9] and that the
viability and quality of samples is poorer [14]. Of the
samples collected, 87% had readable cytospins and the
proportion of the total cell count that was viable was a
median 65.2% (interquartile range 20.3-91.9). These
results are comparable with inductions obtained using
hypertonic saline [6] and are superior to spontaneous
sputum alone [14]. Within the time-frame that inductions
were carried out there was no relationship between longer
nebuliser time and poorer cell viability (r = — 0.28). This
is an important observation as it demonstrates that even
though investigators may be concerned by bronchocon-
striction from sputum induction in acute asthma, relatively
less time is needed to induce a technically adequate sample
and therefore samples can be obtained before excessive
bronchoconstriction occurs, with better quality samples
than would be obtained by spontaneous expectoration
alone.

The other attraction of using induced sputum to
investigate airway inflammation is its tolerability and
safety profile. The main concern with hypertonic saline is
that it can induce bronchoconstriction. Initial studies were
performed in mild stable asthmatics and found only small
falls in FEV; (1.3-5.3%) with induction [3,15]. Later
Wong et al. [4] studied a more heterogenous population of
asthmatics with an FEV, 26—123% of predicted. They had
a mean fall in FEV, of 7.4% but one subject fell by 47%
from baseline.

De la Fuente et al. [8] specifically assessed the safety of
sputum induction in subjects with severe asthma, using
salbutamol pre-treatment and hypertonic saline in increas-
ing concentrations as tolerated from 3% to 5%. They
assessed safety firstly in eight subjects with stable but

severe airflow limitation and an FEV; < 1.0 L and found
that seven were unable to tolerate their protocol, two
because of severe bronchoconstriction and five because of
severe cough and breathlessness. For this reason we elected
not to perform inductions on subjects whose FEV; did not
increase above 1.0 L after salbutamol pre-treatment. De la
Fuente et al. then studied 43 subjects with severe but stable
asthma, Aas scores between 4 and 5 and a baseline FEV; of
60-80% predicted. This group had a mean fall in FEV, of
6% from baseline, with none falling below 20%, but those
with more severe obstruction had a greater fall in FEV.

Only one other paper has looked at the safety of sputum
induction in acute asthma [11]. This was in 10 subjects with
exacerbations of asthma who were managed as outpatients
and had serial inductions during their exacerbation. If
spontaneous sputum could not be obtained then sputum
induction was performed initially with isotonic saline and
then increasing concentrations of hypertonic saline. They
recorded a fall in FEV, of greater than 10% on 10
occasions.

We have extended these data by adapting sputum
induction to subjects with acute severe asthma who
presented to the emergency room, with the majority
requiring inpatient management. Subjects were pre-treated
with salbutamol, and incremental doses of 0.9% saline were
used. In an earlier study of children with acute asthma,
there were no serious side-effects and the median fall in
FEV, was 5-8% [9,10]. In the setting of an acute asthma
exacerbation our protocol was well tolerated with only four
subjects halting the induction due to symptoms of cough or
breathlessness. Although a fall of 20% or greater in FEV,
from baseline occurred in 28% of subjects, there was
prompt recovery after rescue salbutamol. Nebuliser output
may also influence safety and we used an ultrasonic
nebuliser with an output of 1.8 mL/min. Good induction
results have been achieved using lower output nebulisers
(0.9 mL/min) [16] and this could be considered as an
alternative to minimize bronchoconstriction in this setting.

It must be stressed that we used a number of additional
procedures to ensure the safety of subjects during sputum
induction in acute asthma. In addition to [B,-agonist pre-
treatment and pre-specified criteria for stopping the
induction and reversing the effects with (3,-agonist, the
inductions were performed in the emergency department by
an experienced physician and with subjects receiving
supplemental oxygen. This ensured careful supervision
and prompt access to resuscitation facilities if required.
Without these precautions patient safety may be compro-
mized. Furthermore, the dose of saline was given in
doubling time periods, starting at 30 s, and never longer
than 2 min. This is a significant difference to induction
protocols in stable asthma where the initial dose may be
nebulised over 4 or 5 min.

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1745-1753
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Given the significant bronchoconstriction that occurs
with even small doses of saline in acute asthma (Fig. 2), we
believe the incremental dose protocol to be preferable for
use with sputum induction in acute asthma. A potential
limitation of this approach is that it may alter sputum cell
counts. The cellular and mediator profile of induced
sputum can change with increasing doses of hypertonic
saline [17,18]. Using hypertonic saline 3%, the proportion
of sputum neutrophils is significantly lower and the
proportion of macrophages significantly higher after
8 min of nebulisation compared with 4 min, while sputum
eosinophils also fall by 20 min of nebulisation compared
with 4 min [18]. These changes are important then to keep
in mind when making comparisons between samples. A
stepwise approach to nebulisation remains preferable for
safety reasons but nebuliser time for the collection of
samples will need to be kept consistent in order to make
comparisons.

We sought to determine what factors might be associated
with an increased risk of bronchoconstriction during
sputum induction in acute asthma. Subjects who developed
more severe airflow obstruction had used more nebulised
salbutamol and were more likely to have commenced oral
prednisone for the exacerbation. These may be markers of
an exacerbation that is either more severe or of longer
duration, suggesting that under these circumstances caution
should be exercized during sputum induction. In the
multivariate analysis the dose of nebulised salbutamol or
prednisone did not appear to have an independent effect,
presumably those who commenced prednisone and are
using higher doses of nebulised salbutamol have more
severe disease. We also found that chronic use of a long-
acting [3,-agonist appeared to protect against significant
airflow obstruction during sputum induction in acute
asthma, despite all subjects receiving pre-treatment with
salbutamol. The mechanism of this interesting and
unexpected effect is not clear. It is known that long-acting
[B>-agonists reduce exacerbations [19] and may reduce
levels of IL-8 [20]. Since IL-8 is a key mediator in acute
severe asthma [9] that promotes neutrophil recruitment and
vascular leakage, use of a long-acting [3,-agonist may
protect against these events.

In conclusion, we have demonstrated that a sputum
induction protocol conducted under direct medical super-
vision, with salbutamol pre-treatment and using graded
inhalation of 0.9% saline is both safe and efficacious in
obtaining an adequate sputum sample in adults with acute
asthma. Significant falls in lung function can still occur but
are readily reversed by {3,-agonist therapy. When conducted
by experienced personnel, who are able to administer
bronchodilators appropriately, sputum induction can be
carried out safely with minimal discomfort to subjects in
the setting of acute asthma. The technique may be of

importance in assessing causes, pathogenesis and treatment
responses of airway inflammation in acute asthma.
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