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Background: A pressurized metered-dose inhaler (pMDI) attached to a valved holding chamber with mask has been widely used for
delivering pressurized drug aerosol for asthma treatment in young children. Although many commercial valved holding chambers
with mask are available in the market but they are quite expensive or unavailable in some developing countries. DIY Spacer is a low-
cost, do-it-yourself (DIY) plastic bottle with syphon pump which can be used as an alternative to the commercial valved holding
chamber with mask. The main advantage of DIY Spacer is that it can be made easily with simple and inexpensive materials found
around the house. However, there is no scientific study to evaluate its treatment effectiveness.

Objective: The aim of the present study is to compare the treatment effectiveness and the caregiver’s drug compliance, the accuracy
of inhalation techniques and the caregivers’ satisfaction with the spacers between the DIY Spacer and the AeroChamber.

Materials and Methods: A randomized, two-consecutive-month, two-sequence crossover study was conducted on 30 children
with uncontrolled asthma aged less than or equal 6 years who received an inhaled therapy using a pMDI attached to a valved holding
chamber with mask for the first time. The patients were randomly assigned to receive treatment using the pMDI with either a DIY
Spacer or an AeroChamber (15 patients each) as a first spacer for two-consecutive months. Afterwards, a crossover treatment was
employed in which the patients switched to use another spacer for the next two-consecutive months. As a result, each patient
would administer each spacer for two-consecutive months. The level of control, the caregiver’s drug compliance and the accuracy
of inhalation techniques were evaluated every month during the treatments, whereas, the caregivers’ satisfaction with the spacers
was evaluated after each treatment

Results: The comparing results of the level of control, the caregiver’s drug compliance and the accuracy of inhalation techniques
between the DIY Spacer and AeroChamber were not significantly different (p>0.05). However, there were significantly different
(p<0.05) on the satisfaction of the pMDI drug administration in which the AeroChamber received a higher satisfaction.

Conclusion: For inhaler therapy in young children with uncontrolled asthma, the treatment with the pressurized metered-dose
inhaler (pMDI) with DIY Spacer is as effective as the treatment with AeroChamber in terms of the level of asthma control and
caregiver’s drug compliance and the accuracy of inhalation techniques.
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Asthma is a common and potentially serious airflow and keep the high level of drug aerosol. The spacer is

disease and its prevalence has increased worldwide. In
Thailand, the overall prevalence of childhood asthma has
been reported varying at 6.8 to 14.1%7. Many patients
with asthma use asthma inhalers to help with their breathing.
The widely used inhaler is a pressurized metered-dose inhaler
(pMDI). The pMDI is used with a reservoir called “spacer”,
a cone-shaped one-way valve, to control the direction of
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also called a valved holding chamber or a one-way valve
spacer®.

Although many commercial valved holding
chambers with mask (e.g. AeroChamber) are available in the
market, but they are quite expensive, approximately 42 to 45
USD, or unavailable in some developing countries. The
Thammasart University Hospital asthma care team headed
by Prof. Dr. Orapan Poachanukoon has collaborated with
the National Metal and Materials Technology Center
(MTEC) to design a simple and effective valve holding spacer
called DIY Spacer, a low-cost, do-it-yourself (DIY) plastic
bottle with syphon pump, which can be used as an alternative
to the commercial valved holding chamber with mask (Figure
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Figure 1. Image of DIY spacer.

1). The cost of DIY Spacer is as low as 2 USD.

DIY Spacer received several awards such as and
a gold medal from International Exhibition of Invention,
Geneva, Switzerland, Lastly, it received and excellent
award in medical innovation from Thailand Nation
Research Council during the Inventors’ day 2014. However,
there is no scientific study to evaluate its treatment
effectiveness.

The objective of this research is to test
the hypothesis that there is no difference in asthma
treatment DIY Spacer and AeroChamber by comparing
the level of asthma control, the caregiver’s drug compliance,
accuracy scores of inhalation’s techniques and the
caregiver’s satisfaction of the pMDI with spacer
administration.

Materials and Methods

The present study is a cross over experimental
study performed in the same experimental unite (30
participants) who were treated by pMDI combined with
both types of spacer DIY spacer and AeroChamber in different
time periods. Later, the participants were interviewed to
evaluate effects in many aspects and the results from each
group were compared to each other. This study was approved
by the Human Ethics Committee of Thammasat University
(the second committee).

Participants

There were young patients at 6 years old or under
who were diagnosed as an uncontrolled asthma patient or an
uncontrolled asthma patient with other complications and
were treated with inhaled corticosteroids (ICS) or
corticosteroid + long acting beta-2- agonists (ICS+LABA),
Pressurized Metered Dose Inhalers (pMDIS) type by
administrating the medications with mask spacer in the first
time. Informed consents were obtained from the patients’
parent prior to enrollment.

Procedures sampling
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The participants were divided into two groups
and each group consisted of 15 patients. The first group was
started with an AeroChamber then shifted to a DIY spacer
later, while the second group was started with a DIY spacer
and then shifted to an AeroChamber. Initially, we used
sequence randomization method for both spacers in order to
reduce sequences of treatments from using different kinds of
spacers. The time periods for each spacers treatment were 2
months. Eventually, the researcher would evaluate the effects
in many aspects every month. After that, the participants
were switched to another type of spacers. This study was
not included a wash out period after using the first type of
spacer because a spacer is a device assisting a pressurized
metered-dose inhaler (pMDI) which did not have any carry
over effects or residual effects which could interrupt the
treatments.

Data collection

In the first meeting, the researchers interviewed
caregivers who have been taking care of an asthma
patient about general information of both patients and
caregivers. Later in the second to fifth meeting, the
patients and caregivers were evaluated in many aspects as
follows:

Level of control:

To assess the effectiveness of treatments, The
blinded investigators evaluated the patients according to the
GINA Pediatric Guidelines GINA 2019 which can divided
into 3 levels namely controlled, partly controlled and
uncontrolled according to Table 1.

Patients’ compliance:

The caregivers were interviewed by the researchers
using the compliance evaluation form consisted of 13
questions and each question has rating scales from 0 to 2 that
can be interpreted as follows: 2 = every time or always,
1 = sometimes, 0 = never or uncertain and the total score
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Table 1. GINA assessment of asthma control in children 5 year and younger

A. Level of asthma symptom control

In the past 4 weeks, has the child had:

Well
controlled

Partly Uncontrolled

controlled

Daytime asthma symptoms for more than a few minutes,
more than once a week? YesO NoO

Any activity limitation due to asthma? (Runs/play less than other

children, tires easily during walks/playing?) Yes O No O

Reliever medication needed* more than once a week?
YesO NoO

Any night waking or night coughing due to asthma?
YesO NoO

None of these 1 to 2 ofthese 3 to 4 of these

B. Future Risk for poor asthma outcomes

Risk factors for asthma exacerbations within the next few months

Uncontrolled of asthma symptoms

One or more exacerbations (ED attendance, hospitalization, or course of OCS) in previous year
The start of child’s usual ‘flare-up’ season (especially if autumn/fall)
Exposure: tobacco smoke; indoor or outdoor air pollution; indoor allergens (e.g. house dust mite, pets, mold),

especially in combination with viral infection

Major psychological or socio-economic problems for child or family
Poor adherence with controller medication, or incorrect inhaler technique

Outdoor pollution (NO2 and particles)

Risk factors for fixed airflow limitation
Severe asthma with several hospitalizations
History of bronchiolitis

Risk factors for medication side-effects

Systemic: Frequent courses of OCS, high-dose and/or potent ICS
Local: moderate/high-dose or potent ICS; incorrect inhaler technique; failure to protect skin or eyes when using ICS

by nebulizer or spacer with face mask

* Excludes reliever taken before exercise
ICS = inhaled corticosteroids; OCS = oral corticosteroids

was 26.

The accuracy of inhalation technique:

The researchers asked the caregivers and patients
to demonstrate the way they always used to take (inhale) the
medications. Consequently, the researchers evaluated the
accuracy of the inhalation technique by giving scores to 8
questions.

The scores were interpreted by 1 = correct
techniques, 0 = incorrect techniques and the total score was
8.

The caregivers’satisfaction with the spacers:

The researchers interviewed the caregivers about
satisfaction with the spacer by using the satisfaction evaluation
form which focused on 4 aspects. The questions were a
rating scale in accordance with Likert scale. The score rating
criteria was divides into 5 levels as follows: 5 = very satisfied,
4 = satisfied, 3 = uncertain, 2 = unsatisfied, 1 = very
unsatisfied and the total score was 25.
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The steps of sampling and data collection are shown
in the figure 2.

Data analysis

The results were presented by using descriptive
statistics that showned general information of the patients
and caregivers. In case the data had a normal distribution, the
researchers used Chi-square test to compare the level of
control in both groups between uncontrolled group and
controlled group (including partly controlled and controlled
group). However, if the data did not have a normal
distribution, the McNemar test would be used instead. As
for the comparison of the caregivers’ satisfaction between
both two groups used Paired t-test if the data had a normal
distribution and used Wilcoxon signed ranks test when the
data did not have a normal distribution.

Results

The Demographic data of the patients are shown
in Table 2. There were no imbalances between groups in
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30 children enrolled the study
Decmographic data
Level of control

Aecro Chamber
N=15

Day 60

Acro Chamber
N=15
a

Dav 30

[ To analyze: DIY N=30, Acro Chamber N=30 ]
The level of control - The level of control
Compliance - Compliance
Inhalation’s technique - Inhalation’s technique

Satisfaction

Figure 2. Flow diagram of the study.

Table 2. Demographic data of patients

Demographic data Number of patients (%) n=30
Gender Male 15 (50.00)
Female 15 (50.00)
Age (year) 1to2 3(10.00)
2to3 6(20.00)
3to4 5(16.67)
4to5 5(16.67)
5to6 11 (36.67)
Level of asthma control Controlled 0 (0.00)
Partly controlled 5(16.67)
Uncontrolled 25 (83.33)
ER visit event before entering the research Mean + SD 0.80+0.997
project for 6 months
Hospital admission events before entering Mean + SD 0.33+0.547

the research project for 6 months

general data that could affect the comparison according to the ~ Level of asthma control
present study is a cross-over experimental study conducted The result of the present study reveals that most
in the same sample group. patients can control asthma. The comparative results in the
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Table 3. The comparison table of outcome parameters between DIY Spacer and AeroChamber

Parameter Type of spacer
DIY AeroChamber

Numbers of Control Case (%)*

Day 30 29(96.7) 29(96.7)

Day 60 29(96.7) 30(100.0)
Scores of Caregiver’s drug Compliance (Mean + SD)*

Day 30 23.13+3.884 22.33+4.294

Day 60 22.53+4.321 21.13+5.117
Accuracy Scores of Inhalation’s Techniques (Mean + SD)*

Day 30 7.40+0.855 7.40+0.855

Day 60 7.53+0.86 7.73+0.45
Caregiver’s Satisfaction with the spacers (Mean + SD)*

Day 60 16.67+2.975 18.99+1.561*

# McNemar test, * Wilcoxon signed ranks test, * p<0.05

level of control of asthmatic patient between the group of
patients used the DIY spacer and the AeroChamber were not
significantly different (p>0.05). Statistics for analysis is
McNemar Test between two groups of patients were control
group (control group included partly control group) and
uncontrolled group.

Patients’ compliance

The 2 evaluations have found that the average score
of caregiver’s drug compliance in using the DIY spacer
and AeroChamber were not significantly different
(p>0.05).

The accuracy of inhalation techniques

The two evaluations reveals that the average of
accuracy scores of inhalation’s technique of patients and
their caregivers between DIY spacer and AeroChamber were
not significantly different (p>0.05).

The caregivers’ satisfaction with the spacers

The caregiver’s satisfaction scores used pMDI with
DIY Spacer were significantly different (p<0.05). The results
of the present study reveal that the average scores of
AeroChamber’s satisfaction are more than DIY spacer.

All outcome parameters are shown in Table 3.

Discussion

The comparing results of the level of control and
Asthma exacerbation events between the DIY Spacer and
AeroChamber were not significantly different (p>0.05). So
that, the authors have concluded that effective treatment
DIY Spacer and AeroChamber were not significantly different
0.05. As well as the study of randomized controlled trial of
the efficacy of a metered dose inhaler with bottle spacer for
bronchodilator treatment in young children with acute
obstruction of the lower airways'". And correlated with the
study a 500-ml plastic bottle: An effective spacer for children
with asthma®'D. The reason that caregivers have less
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satisfaction towards DIY spacer than AeroChamber is
because, during the research period, the caregivers will receive
both types of spacer free of charge. However, in real situations,
if patients want to use AeroChamber, they have to pay
approximately 1,200 Baht (non-reimbursable medical
supplies); while patients using DIY Spacer will receive it
free from the hospital (its cost is about 40 Baht). This should
affect the satisfaction because AeroChamber has the higher
unit price.

Conclusion

For inhaler therapy in young children with
uncontrolled asthma, the treatment with the pressurized
metered-dose inhaler (pMDI) with DIY spacer is as effective
as the treatment with AeroChamber in term of the level of
asthma control, the accuracy of inhalation techniques and
caregiver’s drug compliance.

Whatis already known on this topic?

The research of “A 500-ml plastic bottle: An
effective spacer for children with asthma” found that a
modified 500-ml plastic bottle which is an effective spacer;
modification and use of this device should be incorporated
into international guidelines for the management of children
with asthma®.

What this study adds?

This research found that inhaler therapy in young
children with uncontrolled asthma, the treatment with the
pressurized metered-dose inhaler (pMDI) with DIY Spacer
is as effective as the treatment with AeroChamber in term of
the level of asthma control, the accuracy of inhalation
techniques and caregiver’s drug compliance.
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