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Nebulizer versus inhaler with spacer for beta-agonist treatment in acute
bronchospastic disease
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Objectives: To compare the efficacy of nebulized wet aerosol with metered-dose inhaler with a spacer (MDIS)
in the management of acute bronchospasm. Methods: It was a retrospective study by reviewing the clinical
records of patients with acute exacerbation (chief complaint of shortness of breath) of asthma or chronic
obstructive pulmonary disease (COPD) presenting to the Accident and Emergency Department (AED) of
Tuen Mun Hospital from 1st to 30th November 2002 and 2003 respectively. All patients received beta-
agonist by nebulizer, in the year 2002 (pre-SARS period) while all patients received treatment by MDIS in
the year 2003 (post-SARS period). Treatment outcome measures included admission rate, length of
hospitalisation for those admitted and AED re-attendance within 7 days for those discharged from the
AED. Results: Altogether 821 patients were recruited in this retrospective study, 522 belonged to the nebulizer
group and 299 were of the MDIS group. The two groups had similar demographic characteristics. Concerning
the admission rate (47% in the nebulizer group and 41% in the MDIS group; p=0.089) and re-attendance
rate (7% in the nebulizer group and 6% in the MDIS group; p=0.607), the differences were not statistically
significant. For the length of hospital stay, it was shorter in the nebulizer group than the MDIS group
(3.65+SD 1.88 days vs 4.10£SD 1.94 days; p=0.035). However, the admission rate in the adult subgroup
(61% in the nebulizer group and 47% in the MDIS group; p=0.002) was shown to be statistically significant.
In multivariate analysis, usage of nebulizer, increase in respiratory rate and age were associated with a higher
admission rate. Increase in SpO,, absence of co-morbidity and asthma patients were associated with a lower
admission rate. Increase in age, respiratory rate and usage of MDIS were associated with an increase in
hospital stay. Asthma was associated with a decrease in AED re-attendance rate as compared to COPD.
Conclusions: This retrospective study showed that both nebulizer and MDIS were effective for beta-agonist
therapy in acute bronchospasm in AED with respect to hospital admission rate and AED re-attendance rate,
but the length of hospital stay was slightly prolonged when using MDIS. (Hong Kong j.emerg.med. 2005;12:
133-139)
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Introduction

Acute exacerbation of asthma or chronic obstructive
pulmonary disease (COPD) is a common complaint
of those attending accident and emergency
departments (AED). In the past, most doctors in Hong
Kong hospitals employed nebulizer therapy for
relieving the bronchospasm. However, in the year
2003, we learned that nebulizer drug therapy could
spread the fatal coronavirus of the severe acute
respiratory syndrome (SARS) to people nearby. It was
time for us to think whether nebulizer was really
necessary for treating bronchospastic patients and
whether there was any equally effective and safe
alternative treatment.

Metered-dose inhaler with a spacer (MDIS) is a well-
known method of delivering bronchodilator and
steroid medication to patients with bronchospastic
disease. The lung deposition of beta,-agonist from a MDI
varies between 5.7% and 23.8% of the dose expelled with
each actuation.* The lung deposition of a drug by using
wet nebulizer is between 2.7% and 9.9%.2% When a
spacer is added to a MDI, drug deposition in the lower
airways increases with a corresponding 10-fold decrease
in oropharyngeal deposition.*® The combination is

particularly valuable in patients who have poor timing
and cannot adequately coordinate inhalation from a
MDI with the actuation of the device. Colacone and
colleagues showed a relative potency of 6:1 in favour
of MDIS to nebulizer in achieving equivalent
bronchodilatation.” Silkstone and colleagues found that
five 100 mcg doses inhaled from a MDIS delivered
more to the lungs and less to the systemic circulation
than either the same doses from a MDI alone or five
times the dose given via a jet nebulizer.®

In Tuen Mun Hospital (TMH), we changed our
practice in delivering bronchodilator after the SARS
attack in the year 2003. We put away all the nebulizer
machines and replaced them by MDIS. We found that
the hospital admission rate and patient response to
treatment were similar after this change. As a result, a
retrospective study was carried out to find out whether
these two treatment modalities were equally effective
in treating patients with acute bronchospasm.

Patients and methods

Our study was carried out in the Tuen Mun Hospital
of Hong Kong. We reviewed all the AED records of
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patients attending during the period of 1st to 30th
November, 2002 and 2003 respectively. In November
2002, all patients with acute bronchospasm received
nebulizer treatment but in November 2003 all received
MDIS treatment instead.

The inclusion criteria included all patients above one
year old attending the TMH AED in the above periods
with a history of either asthma or COPD and
presenting with shortness of breath (SOB) as the chief
complaint. Beta,-agonist was given by either nebulizer
or MDIS. The exclusion criteria included those patients
presenting with SOB due to other causes such as heart
failure or pneumonia, with serious attacks requiring
either invasive or non-invasive positive pressure
ventilation, developing complications such as
pneumothorax, having serious co-morbidities like
stroke, heart or renal failure, respiratory conditions
other than asthma or COPD, social problems causing
prolonged hospital stay, or discharged against medical
advice.

We identified all the appropriate AED records, and
then analysed the demographic data, disease
presentation, physical examination, treatment methods
and disposal of the patients. For those patients who
were admitted, we checked their discharge summary.
For those who were discharged from the AED, we
checked the computer to see if they re-attended to
TMH AED within 7 days.

Results were expressed as mean (£SD). Chi-square test
was used to assess the hospital admission rate, re-
attendance rate, sex, history of significant co-morbidity
and proportion of asthma to COPD. The unpaired

Table 1. Demographic characteristics of the patients
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Student's t-test was used to calculate the length of
hospital stay, age, respiratory rate, SpO, and pulse rate.
Multivariate analysis was also carried out. Logistic
regression was used in the admission and re-attendance
rates, and multiple regression was used in the length
of hospital stay.

Results

Altogether 821 patients were recruited in this
retrospective study, 522 patients belonged to the
nebulizer group and 299 patients were of the MDIS
group. Table 1 shows the demographic characteristics
of the patients.

The univariate result of the study is shown in Table 2.
Concerning the hospital admission rate (47% in the
nebulizer group and 41% in the MDIS group; p=0.089)
and AED re-attendance rate (7% in the nebulizer group
and 6% in the MDIS group; p=0.607), the differences
were not statistically significant. In the length of
hospital stay, it was shorter in the nebulizer group than
in the MDIS group (3.65+SD 1.88 vs 4.10+SD 1.94
days; p=0.035).

When the patients were subdivided into adult (18 years
old and above) and paediatric (under 18 years old) age
groups and analysed separately, the results are shown
in Tables 3, 4 & 5. There were altogether 565 adult
(346 patients in the nebulizer group and 219 patients
in the MDIS group) and 256 paediatric patients (176
patients in the nebulizer group and 80 patients in the
MDIS group). Only the hospital admission rate for
adult (61% in nebulizer group and 47% in MDIS

Nebulizer group MDIS group p-value
Age 41.82+30.06 yr 45.21+28.95 yr 0.115
Sex M=63%, F=37% M=67%, F=33% 0.187
Respiratory rate 26.52+5.10/min 25.62+4.66/min 0.018
Pulse rate 105.85+22.53/min 103.93+21.43/min 0.232
Spo, 96.07+2.64% 95.56+2.87% 0.010
Significant co-morbidity Yes=11%, No=89% Yes=14%, No=86% 0.310
Asthma/COPD Asthma=60%, COPD=40% Asthma=55%, COPD=45% 0.115
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Table 2. Outcome of the two groups of patients after treatment
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Nebulizer group MDIS group p-value
Hospital admission rate 47% 41% 0.089
Length of hospital stay 3.65+1.88 days 4.10£1.94 days 0.035
AED re-attendance rate 7% 6% 0.607
Table 3. Demographic characteristics of the adult subgroup (>=18 years old)

Nebulizer group MDIS group p-value
Age 59.45+20.78 yr 58.91+20.87 yr 0.765
Sex M=66%, F=34% M=70%, F=30% 0.294
Respiratory rate 25.98+4.52/min 25.52+4.63/min 0.273
Pulse rate 98.13+17.48/min 99.40£19.05/min 0.418
SpO, 96.34+2.70% 95.63+3.01% 0.003
Significant co-morbidity Yes=17%, No=83% Yes=18%, No=82% 0.817

Asthma/COPD

Asthma=40%, COPD=60%

Asthma=38%, COPD=62% 0.638

Table 4. Demographic characteristics of the paediatric subgroup (<18 years old)

Nebulizer group MDIS group p-value
Age 7.16+4.18 yr 7.73+4.12 yr 0.319
Sex M=57%, F=43% M=53%, F=47% 0.633
Respiratory rate 27.62+5.97/min 25.89+4.76/min 0.038
Pulse rate 121.04+23.64/min 116.23+22.76/min 0.128
SpO, 95.54+2.43% 95.37+2.45% 0.614
Significant co-morbidity Yes=0%, No=100% Yes=2%, No=98% 0.097
Asthma/COPD Asthma=100% Asthma=100%
Table 5. Outcome of adult and paediatric patients in the two treatment arms

Nebulizer group MDIS group p-value

Hospital admission rate (adult) 61% 47% 0.002
Hospital admission rate (paediatric) 19% 23% 0.558
Length of hospital stay (adult) 3.81+1.92 days 4.27+2.01 days 0.051
Length of hospital stay (paediatric) 2.68+1.25 days 3.11+1.08 days 0.217
AED re-attendance rate (adult) 10% 8% 0.488
AED re-attendance rate (paediatric) 4% 2% 0.458

group; p=0.002) was statistically significant. All the
other outcomes for adult and paediatric patients were
not statistically significant.

In multivariate analysis, all variables as listed in Table 1
were used for analysis. The accuracy of logistic

regression was 77.14% and 93.83% in patient disposal
and AED re-attendance respectively. R-square in
multiple regression for length of hospital stay was 0.102.
All statistically significant results are presented in Tables
6, 7 & 8. Increase in SpO,, absence of co-morbidity
and asthma patients were associated with a lower
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Table 6. Patient disposal (admission compared to discharge)
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Variable Odds ratio 95% C.1.
Respiratory rate 1.1122 1.0678 - 1.1583
SpO, 0.8975 0.8326 - 0.9676
Co-morbidity (absence) 0.3067 0.1483 - 0.6346
Age 1.0336 1.0219 - 1.0454
Diagnosis (asthma vs COAD) 0.5222 0.2810 - 0.9705
Treatment (nebulizer vs MDIS) 1.8744 1.2622 - 2.7835
Table 7. Length of hospital stay

Variable B Significance
Constant -0.277 0.695

Age 0.021 0.000
Respiratory rate 0.047 0.019
Treatment (1=nebulizer, 2=MDIS) 0.452 0.036

Table 8. AED re-attendance

Variable Odds ratio 95% C.1.
Diagnosis (asthma vs COAD) 0.1532 0.0665 - 0.3532

admission rate. Increase in respiratory rate and age were
associated with a higher admission rate. However, usage
of nebulizer was also associated with an increase in
admission rate (Table 6). Concerning length of hospital
stay, increase in age, respiratory rate and usage of
MDIS were associated with an increase in hospital stay
(Table 7). In AED re-attendance rate, only asthma was
associated with a decrease in re-attendance rate as
compared to COPD.

Discussion

The results of this study showed that MDIS was at
least as effective as nebulizer in the treatment of acute
bronchospasm in terms of hospital admission rate and
AED re-attendance rate, although the length of
hospital stay was slightly prolonged in the MDIS
group.

In the past, bronchodilatation achieved by nebulization
was considered to be greater than MDIS. As a result,

the nebulizer was the treatment of choice for AED and
in-hospital wards for acute exacerbation of asthma and
COPD. However, recent studies have suggested that
there is no significant difference between these two
forms of treatment in both asthmatic®*2 and COPD
patients.® Some studies even showed that the MDIS
might be superior to the nebulizer in the management
of paediatric asthmatic patients.*?*® It was a common
belief that patients with a severe attack of acute
bronchospasm had difficulty in inhaling medication
from the MDIS. However, studies on patients with
FEV, <30% predicted showed that the MDIS was
equally effective as the nebulizer in relieving
bronchospasm.°

In this retrospective study, all suitable patients
attending TMH AED in the periods of 1st to 30th of
November 2002 and 2003 were recruited. This period
was chosen because in the year 2002, which was the
pre-SARS period, nebulizer therapy was widely used
in AED and in-hospital management of acute
bronchospasm. After the attack of SARS from March
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to June 2003, we identified that nebulizer might be
one of the culprits in spreading the fatal coronavirus.
Then, our practice was changed from nebulizer to
MDIS therapy. After a few months' use of MDIS,
medical staff and patients became familiar with this
new treatment modality. As a result, we chose patients
attending in November 2002 and 2003 as the subjects
in this study.

In the interpretation of univariate results, we found
that the difference in hospital admission rate of all
patients in the two treatment arms was not statistically
significant, nor was the AED re-attendance rate. It
showed that we had not discharged inappropriately
more patients in the MDIS group who actually
required in-patient management than in the nebulizer
group. When the patients were subdivided into two
groups according to their age, we found that in the
paediatric age group the difference in all the three
outcomes were not statistically significant. Concerning
the adult age group, we found that the hospital
admission rate was statistically significantly lower in
the MDIS group.

From univariate and multivariate analyses, we found
that nebulizer usage was associated with a higher
admission rate, and this was not the usual finding in
other studies. My postulation is that patient had
changed their attitude and became reluctant to be
admitted to the hospital in the post-SARS period
because they knew that hospital was a place that they
might acquire nosocomial infection. Besides, nebulizer
therapy was no longer offered in the ward for relieving
bronchospasm, so they might prefer to continue the
medical therapy at home if they got significant
improvement after the initial treatment in the AED.
On the other hand, medical and nursing staff had been
providing more patient education after the change in
the bronchodilator delivery method. Counselling and
instruction in asthma self-management are generally
regarded as being cost-effective adjuncts to asthma
therapy, with multiple studies showing asthma
education leading to decreased AED visits, hospital
admissions and cost.1+¢
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A meta-analysis done by Turner and colleagues showed
that bronchodilator delivery by means of MDIS or
wet nebulizer was equivalent in the acute treatment
of adults with airflow obstruction caused by asthma
or COPD.? In the Cochrane database of systematic
reviews done by Cates and colleagues, they found that
in asthmatic patients the relative risk of hospital
admission did not differ on the basis of delivery
methods in adults or in children. There were no
significant differences demonstrated between MDIS
and wet nebulizer bronchodilator therapy in acute
asthmatic attacks as regard to improvement in lung
function, change in respiratory rate, development of
tremor and the number of patients requiring steroids.
MDIS had additional advantages in children in
reducing side effects such as tachycardia and in
reducing the length of stay in the emergency
department, but no significant differences were found
in adults. In four studies in adults that included analysis
of changes in lung function in the most severely
affected patients (FEV, <30% predicted), the weighted
mean differences in the FEV, between the two delivery
methods were not significant statistically.*

Our study had a number of limitations. Since it was a
retrospective study, patient randomisation into the two
treatment arms was not possible, and the measurements
were not taken in the same period. Concerning the
demographic characteristics of the two groups of
patients, they were not statistically significantly
different in terms of age, sex, pulse rate, history of
significant co-morbidity, or proportion of asthma to
COPD patients. Concerning the respiratory rate (26.52
+5.10/min in the nebulizer group vs 25.62+4.66/min
in the MDIS group; p=0.018) and SpO, (96.07
+2.64% in the nebulizer group vs 95.56+2.87% in
the MDIS group; p=0.010), they were statistically
significantly different but the difference was only
minimal that might not be clinically significant. Other
indicators of disease severity like peak flow rate and
arterial blood gas would certainly be very useful but
they were not included in this study because they were
not routinely done in our AED and so data was not
available. Besides, the dosage of salbutamol therapy
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was not standardised in either the nebulizer or MDIS
group of patients. It was determined by the age of the
patient, the severity of the attack and the clinical
judgement of the attending physician. Due to the
limitations in this study, a randomised controlled
study is suggested so as to get a higher level of evidence
to support our continuation of the widespread use of
MDIS therapy in the treatment of acute bronchospastic
diseases.
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