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Abstract

2Division of Pediatric Pulmonology, Background: During the COVID-19 pandemic, a metered-dose inhaler (MDI) with a
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valved holding chamber (VHC) is a preferred route of bronchodilator delivery. We
have developed a new homemade VHC, made of a paper coffee cup, and a drinking

water bottle. This study was conducted to compare the bronchodilator response in
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children with airway hyperresponsiveness after the use of our homemade VHC and
that of a standard commercial one.

Methods: In a randomized, two-period, two-sequence crossover trial, we recruited
20 children, aged 6-15 years, who had a greater than 12% increase in FEV after
inhaled salbutamol. They were randomized into Group A and B. Group A used our

VHC on the first day and Aerochamber® on the second day. Group B used the same
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VHCs but in alternate sequence. Spirometries were performed before and after
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400 pg of salbutamol, MDI was administered via those VHCs.

Results: Baseline demographic data and spirometric values did not have statistically
significant differences between group A and B and between the first and second day
(p >.05). After giving salbutamol MDI, both VHCs produced significant increases in
FVC, FEV+4, and FEF55_759 (p <.005). The improvement in FEV did not significantly
differ between our homemade VHC and Aerochamber® (p >.05).

Conclusion: Our homemade VHC is effective for an MDI bronchodilator delivery.
Since it is very cheap and easy to make, it may be used as a disposable device to

minimize airborne transmission especially when commercial VHC is not available.
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1 | INTRODUCTION

volume of respiratory aerosols that may be propelled over a longer

distance. It is safest to minimize nebulized treatments in confirmed

The COVID-19 pandemic represents a massive global health crisis. or suspected COVID-19 patients with increased risks of COVID-19

Recent evidence shows that this virus can also spread via airborne
transmission.” Therefore nebulization which generates aerosols
should be prohibited because of its potential to generate a high

contamination. For this reason, if a bronchodilator is required, a
metered-dose inhaler (MDI) with a spacer or valved holding chamber
(VHC) is preferred.®*

Abbreviations: FEV+, forced expiratory volume in 1 s; FEF,5.759, forced mid-expiratory flow between 25% and 75% of forced vital capacity; FVC, forced vital capacity; MDI, metered dose

inhaler; VHC, valved holding chamber.
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Spacers and VHCs were developed to reduce the need for co-
ordination of MDI actuation with inspiration® and decrease or-
opharyngeal deposition, which also decreases potential side effects
of inhaled corticosteroids such as candidiasis and dysphonia.®
Although the term “spacer” and “VHC” are frequently used inter-
changeably but they are not exactly the same. VHCs are special
spacers manufactured with one-way valves, which regulate in-
spiratory flow and prevent exhaled gas with moisture into the spacer.
Additional advantages of VHC over spacers include avoidance of
leaking of the aerosol from the spacer and prevention of dilution of
the aerosolized drug in the spacer.”

A Cochrane review of 10 randomized controlled trials comparing
MDI with nebulizers showed that MDI with VHC produced outcomes
that were at least equivalent to nebulizer delivery.® Another study
showed that in children with severe asthma exacerbations MDI with
VHC was more effective than by nebulizers.” When a pediatric
hospital implemented the conversion from small volume nebulizers
to MDIs with VHCs to administer beta-agonizts in the treatment of
acute asthma exacerbations in children at the emergency room and
inpatient wards, the number of asthma admissions did not change
and the number of re-attendances for unresolved asthma symptoms
within 72 h decreased.’® Although the efficacy of non-valved spacers
was demonstrated to be comparable to that of VHCs,** many experts
still recommend using VHCs to deliver bronchodilators from
MDIs.>>%3

Due to high cost, lack of reimbursement, and availability of
commercial VHCs, a variety of homemade spacers have been im-
plemented with the use of plastic cold-drink bottles, plastic mineral
water bottles, polystyrene cups, plastic zip-up bags, cardboard tubes,
empty plastic saline solution bottles, and paper spacers.’* Their ef-
ficacies have been tested and demonstrated the improvements in
symptoms or lung function of patients with asthma. The degree of
improvement did not differ significantly when comparing those
homemade spacers with nebulizers or commercial VHCs.'* Un-
fortunately, none of these homemade spacers have combined with
one-way valves.

Our team have developed a new homemade VHC using a clear
drinking water bottle and a paper coffee cup that costs less than one
dollar. It may be a perfect substitute for a standard commercial VHC
and can be easily disposed of.

The aim of this study was to compare the bronchodilator re-
sponse in children with airway hyperresponsiveness when we used
salbutamol MDI attached to our homemade VHC as against the re-
sponse obtained when salbutamol MDI was attached to a standard
commercial VHC.

2 | METHODS
2.1 | Construction of the homemade VHC

Prepare the following items: a paper coffee cup (200 ml in volume,

bottom diameter 50 mm, brim diameter 70 mm), a drinking water

bottle (350 ml in volume, bottom diameter 60 mm, orifice diameter
25 mm), a grocery plastic bag, a ruler, a paper cutter and a sellotape.
Draw a small 1x 1 cm? 2-3 cm below the brim of the cup and an-
other one at the bottom of the cup. Make two holes by cutting along
the two squares. From the grocery plastic bag cut two pieces of flap
slightly larger than the holes. Outside the cup tape one piece over the
hole near the edge of the cup. This will serve as the exhalation valve.
Inside the cup tape the second piece over the bottom hole to create
the inhalation valve. The first flap will open when breathing out
while the second one opens when breathing in. Make a slit of 1cm
down the cup's edge and place it tightly over the nose. Breathe in and
out to test the valves. Soak the water bottle in detergent (dish-
washing liquid) to avoid electrostatically and leave to dry. Cut the
bottom of the water bottle to create a 15 cm long chamber and place
it tightly over the cup. Unscrew the bottle cap and place the MDI
over it and use it as a VHC. The homemade VHC with a total volume
of 395 ml that is ready to use is shown in Figure 1. Watch the video
clip how to make the VHC at https://youtu.be/V2NmwzmRQvk.

2.2 | Study populations

This study was conducted from May 2017 to December 2019. We

recruited children, aged 6-15 years, who performed spirometries at

(A)

FIGURE 1 A child using a homemade valved holding chamber
(VHC). (A) Inhalation. (B) Exhalation. Parental consent was obtained
for publication of this figure [Color figure can be viewed at
wileyonlinelibrary.com]
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the Pediatric Chest Outpatient Clinic at Ramathibodi Hospital,
Bangkok, Thailand, who showed an increase of 12% or more in forced
expiratory volume in 1s (FEV4) following administration of 400 pg of
salbutamol MDI. We excluded the children, who did not pass the
acceptable and reproducible criteria of spirometric forced expiratory
maneuvers'? or who have had an acute asthma exacerbation during
the preceding 6 weeks, or whose breathing effort was not strong
enough to see the movement of the exhalation valve. All parents or
guardians of the children provided their informed consent before
enrollment in the study. The study was approved by the Committee
on Human Rights Related to Research Involving Human Subjects,
Faculty of Medicine, Ramathibodi Hospital, Mahidol University. No.
MURA2016/260.

2.3 | Study design

The study was conducted as a prospective randomized, two-period,
two-sequence crossover design. The two-period was separated by
24-h washout period to eliminate the effect of the inhaled bronch-
odilator delivered on the first period. Children were randomly as-
signed following simple randomization procedures (computerized
random numbers) to one of two groups: Group A and Group B. Group
A used the homemade VHC on the first day and Aerochamber Plus
Flow-Vu® with multiple mask sizes (Trudell Medical International,
London, Ontario, Canada) on the second day. Group B used Aero-
chamber® on the first day and the new VHC on the second day. The
diagram of our study design is shown in Figure 2.

Demographic data of the recruited children were recorded. We

informed all recruited children to stop using salbutamol and other

Homemade
valved

holding
chamber

FIGURE 2 Crossover trial with two MW

treatment arms A and B separated by a 24 h
washout period [Color figure can be viewed at
wileyonlinelibrary.com]
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short-acting bronchodilators for at least 6 h, and to stop using the
long-acting bronchodilators for at least 24 h before performing
spirometries. Inhaled corticosteroids and leukotriene antagonists

were not stopped.

2.4 | Spirometry and administration of salbutamol

Spirometry (Viasys Healthcare Flowscreen Spirometer, California,
USA) was performed with the child in a standing position and
wearing a nose clip. All performances fulfilled the criteria for
acceptability and reproducibility of the American Thoracic Society
and the European Respiratory Society.’®> We used the reference
equations provided by the Global Lung Function Initiative (GLI)
Network'® to calculate percent predicted FEV4. Each child
performed spirometry at baseline before receiving 4 puffs
of salbutamol MDI (Ventolin®, 100 pg/puff; GlaxoSmithKline,
Boronia, Australia).

For the administration of salbutamol, children were told to
breathe at tidal volume for 10 breaths after each puff. The MDI
was shaken between each dose. Repeat doses were delivered 30 s
after the previous one. Four puffs were delivered to achieve
400 pg of salbutamol. A good seal between the child's face and a
paper cup of the homemade VHC or a face mask of Aero-
chamber® was ensured by seeing the movement of the exhalation
valve or Flow-Vu indicator respectively. Post-bronchodilator
spirometry was carried out in the same manner as baseline
spirometry 15 min after salbutamol administration. The technician

who performed spirometry was blinded to what type of VHC

being used.
Randomization
20 childrens
1%t day Aerochamber®
Washout period
Homemade
2" day valved
holding
:{ . chamber
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2.5 | Statistical analysis

The sample size was determined by power analysis (power =0.8,
significance level = .05) using the G*Power Program.’” An effect size
of 0.7 based on the study conducted by Rodriguez-Martinez et al.**
Approximately 5% was added to the calculated 19 children to
compensate for incomplete data, bringing the final sample size to
20 children.

Continuous variables are presented as mean + SD. Categorical
variables are presented as percentage. The comparisons between the
demographic data of Group A versus B, spirometric parameters
measured before versus after bronchodilator inhalation, spirometric
parameters measured on the first versus the second days, and the
percent increase in FEV4 above baseline when using the homemade
VHC versus that of Aerochamber® were conducted using the paired
t-test or independent t-test, or 2 independence test, as appropriate.
All analyses were conducted by using SPSS for Windows version
18.0. A p value of <.05 was considered statistically significant.

3 | RESULTS

Twenty children met the inclusion criteria. None were excluded.
Therefore 20 children were randomized into two groups; 10 in Group
A and 10 in Group B. Demographic characteristics and baseline
spirometric parameters is shown in Table 1.

The demographic data and the absolute spirometric values at
baseline on the first day and the second day did not have statistical
significance between Group A and Group B. In addition, there were
no significant differences between baseline spirometric indices (FVC,
FEV4, FEF25.759) of the first day and the second day suggesting that
the one-day washout period was sufficient. Since the carryover effect
was not present, we used the spirometric data of Group A and B
obtained in the two study days to determine the magnitude of the
change in FVC, FEV, and FEF,5.759, comparing between the two
VHCs as shown in Table 2.

Both VHCs produced significant increases in FVC, FEV4, and
FEF,5.759 after giving bronchodilator (paired t-test, p <.005). Per-
cent increases in all parameters did not show statistical differences
between the two VHCs (independent t-test, p >.05). The proportion
of children who had a positive post-bronchodilator response (a cutoff
point 212%)*® with the use of the homemade VHC was similar to that
of those who used Aerochamber® (6/20 vs. 6/20, 2 independence
test, p = 1.0). In addition, both VHCs showed significant increases in
FEV4 percent predicted after bronchodilator administration (paired
t-test, p <.005). And the degree of improvement did not differ be-
tween both VHCs (independent t-test, p >.05) as shown in Figure 3.

4 | DISCUSSION

In the present crossover trial, our homemade VHC yielded a similar

bronchodilator response to a standard commercial VHC (Aerochamber®)

in children with airway hyperresponsiveness. Both VHCs were effective
as shown by significant increases in FEV, after administration of
400 pg of salbutamol MDI. Our study showed that the one-way valves on
our homemade VHC were easy to open and close. All of the children
participating in the study were able to breathe and show the movement
of the valves; the youngest being 6 years old.

To our knowledge, this is the first study showing the effective-
ness of a homemade VHC incorporated with two one-way valves. The
material used to make the VHC is readily available in every home. A
paper coffee cup is selected because it is relatively nonelectrostatic
and easier to cut and make holes than a plastic cup. Zar et al. con-
ducted a study using a 500-ml plastic bottle to make a spacer. They
had to use a heated mold of steel wire to melt a hole at the base of
the bottle. The hole must have the same size and shape as the
mouthpiece of the MDI.*” So Zar's spacer is a lot more complicated
to make than ours. Another advantage is its quality to fit tightly and
safely over the nose and mouth of the child by only making a short
slit down the edge of the paper cup and place this slit over the nose
bridge. The paper cup simulates a face mask of a commercial VHC. If
the face mask fits well, it will minimize aerosol leakage into the en-
vironment and increase therapeutic aerosolized drug to the lungs.”’
Vilarinho et al. conducted a study using a saline bottle to make a
spacer. They had to cover the cutting edge of the bottle with Band-
Aid to soften the contact and prevent abrasions or other injuries to
the child's face.?’ Contrary to Vilarinho's spacer, we do not need any
other covering because the open round rim of the paper cup is soft
and smooth.

The other essential part of our VHC is the drinking water bottle.
We chose a drinking water bottle since it is clear and cylindrical like
commercial VHC. When its base is cut out horizontally, the body of
the bottle perfectly encases the coffee cup. After removing the cap
from the bottle, the MDI actuator or mouthpiece is inserted into the
orifice of the bottle. Typically the diameter of the actuator fits well
with the orifice of the bottle, leaving a little gap that allows air to
flow into the bottle when the patient inhales. Without this gap, the
bottle would collapse during forceful inhalation. Since electrostatic
charge from a plastic bottle can reduce drug delivery, we, therefore,
eliminated the electrostatic charge by washing an empty bottle with
detergent and water and air-dried which could reduce the electro-
static charge on the sidewalls and increase aerosol deposition to the
lungs.?? Another way to reduce the electrostatic charge inside the
dry water bottle is to prime the bottle initially with 15 puffs of MDI
medication.?® This latter method is faster but more expensive than
washing the bottle with soap and let it dry. In addition to electro-
static charge, the performance of each VHC may vary according to
their size and volume. Theoretically, the VHC should ideally be
100-700 ml in volume and should provide a distance of 210 cm be-
tween the MDI and the patient's mouth.”?* So in this study we
decided to use a drinking water bottle 350 ml in volume and cut it
into 15 cm in length.

Rodriguez-Martinez et al. conducted a systematic review in 2008
comparing the bronchodilator response delivered through MDI using

homemade spacers, to the use of commercial VHCs in children with
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Total sample
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Age (years) 11.1+3.37
(6-17)
Gender, M:F 11:9
Weight (kg) 38.75+20.59
Height (cm) 137.2+16.88
Current medications
Inhaled corticosteroids (n, %) 11 (55%)
Long-acting bronchodilators + inhaled 9 (45%)
corticosteroids (n, %)
Leukotriene antagonists 10 (50%)
Spirometry at baseline on the first day
FVC (L) 1.82+0.98
FVC % predicted 87.10+20.76
FEV4 (L) 1.50+0.75
FEV,%predicted 78.62 +18.54
FEV41/FVC ratio (%) 0.84£0.08
FEV1/FVC % predicted 91.58 +8.42
FEF25.759 (L/s) 1.53+0.68
FEF25.759% % predicted 62.13+22.53
Spirometry at baseline on the second day
FVC (L) 1.86+0.99
FVC % predicted 88.36+22.34
FEV (L) 1.55+0.79
FEV1% predicted 81.89+20.77
FEV41/FVC ratio (%) 0.85+0.09
FEV1/FVC % predicted 92.88+9.16
FEF25.75% (L/s) 1.67+0.75
FEF25.759% % predicted 68.17 +£27.36

Group A (n=10) Group B (n=10) P-value
11.1+3.64 11.1+3.03 .887
(7-17) (6-15)

2:8 9:1 .001
39.4+21.6 38.1+20.67 .896
137 +£17.25 137.4+17.43 953
6 (60%) 5 (50%) 591
4 (40%) 5 (50%) .678
5 (50%) 5 (50%) .99
1.77 +0.84 1.87+1.15 .833
87.45+17.23 86.76 +24.75 .949
1.49+0.75 1.48+0.78 916
81.12+15.93 76.12+21.41 .583
0.85+0.07 0.81+£0.08 .504
9277 +8.17 90.38 +8.93 .653
1.61+0.79 1.45+0.57 647
63.38+20.83 60.87 +25.18 .836
1.78+0.77 1.94+122 740
88.84+16.19 87.87+28.11 .928
1.93+1.21 1.59+0.94 .847
8247 +14.11 81.31+26.67 .902
0.86 £0.09 0.85+0.09 792
92.98 +9.02 92.77 £9.79 .970
1.65+0.68 1.68+0.85 919
67.26 +24.27 69.09 +31.45 .898

Note: Continuous data are presented as mean + standard deviation, unless otherwise stated. Categorical data are n (%).
Abbreviations: FEF,5.754, forced mid-expiratory flow between 25% and 75% of forced vital capacity; FEV 4, forced expiratory volume in 1's; FVC, forced

vital capacity.

acute exacerbations of wheezing or asthma. In 6 trials with 658
participants included in their study, no significant differences in
terms of clinical responses were demonstrated between the home-
made spacers and commercial VHCs.'* Aerochamber® was used as a

reference of commercial VHCs in 4 out of the 6 trials. In this current
study, we also used Aerochamber® as a reference not only because it
is available in our country but it also has considerably scientific data
especially in young children.®?>?¢ The findings of our study are

TABLE 2 Comparison of the spirometric parameters between before and after salbutamol administration through our homemade VHC and

Aerochamber®
Homemade VHC (n = 20) Aerochamber® (n = 20)
Before After Change (%) Before After Change (%)
FVC (L) 1.85+1.02 1.94 +1.05" 51+571 1.82+0.95 1.89+0.94" 485+5.11
FEV, (L) 1.55+0.83 1.68 +£0.90" 8.2+5.73 1.50+0.71 1.62+0.74* 9.10+6.12
FEF25.759%(L/s) 1.65+0.8 1.99+1.01" 22+2.34 1.55+0.62 1.81+0.72* 18+4.34

Note: Continuous data are presented as mean + standard deviation.

Abbreviations: FEF,5_75¢, forced mid-expiratory flow between 25% and 75% of forced vital capacity; VHC, valved holding chamber; FEV 4, forced

expiratory volume in 1s; FVC, forced vital capacity.

*p <.005 when comparing between before and after salbutamol administration.
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FIGURE 3 FEV1% predicted before and 15 min after salbutamol administration via the homemade valved holding chamber (VHC) versus
Aerochamber®. FEV, forced expiratory volume [Color figure can be viewed at wileyonlinelibrary.com]

consistent with those previously reported. But we did not measure
the clinical outcomes. Only the spirometric parameters before and
after bronchodilators were used for comparison. FEV, were in-
creased significantly after bronchodilators delivered through either
our VHC or Aerochamber® with the similar level of improvement.
Since our study design aimed to compare our VHC with a commercial
VHC, we could not address whether or not our VHC has more
efficacy over the other homemade spacers without one-way valves.
The long-term performance, clinical efficacy, aerosol delivery, and
deposition of our VHC needs further studies.

There are some limitations to our VHC. The most difficult step to
assemble the VHC is when we have to tape a piece of the flap over
the bottom hole inside the coffee cup to create the inhalation valve.
If the flap is too large or is not taped over the hole appropriately, the
inhalation valve will not function well. The presence of the one-way
valves may limit their use in small infants who have shallow
breathing. Their breathing effort may be too weak to open the valves.

1?7 showed that approximately 20% of infants under 2

Reginato et a
years of age were unable to open the one-way valve of various VHCs
during their inspiratory cycles. Herbes et al.”® found that more than
half of the newborns were unable to generate an inspiratory flow
capable of opening the one-way valve of a VHC, even when using an
appropriate VHC and face mask. Therefore we would suggest ob-
serving the movement of the valves first. If the valves do not move
with respirations even though the cup fits well without leakage, it is
not suitable to use this homemade VHC in that patient. The second
limitation of our VHC is that it is not as durable as commercial VHCs.

The paper cup is easily damaged and needs to be replaced. The part

of the water bottle is more durable and lasts much longer than the
coffee cup. Although the water bottle can be washed with detergent,
the paper cup cannot endure the same use. The valves made of tiny
thin plastic cut from a disposable grocery shopping bag can be
damaged when the cup is washed or wiped. So we recommend the
cup to be air-dried after use. Since the coffee cup with one-way
valves is very cheap and easy to make, frequent replacement is re-
commended. Our VHC may be considered as an alternative dis-
posable device that parents can make easily and cheaply at home.

During the COVID-19 pandemic, nebulized bronchodilators for
presumptive or confirmed COVID-19 patients may not be safe due to
the generation of aerosols, which increases the risk that respiratory
droplets will remain in the air and spread the virus. Bronchodilator
delivery via MDI with VHC instead of nebulization is strongly re-
commended.>*'? In addition, the VHC should not be shared to
prevent the spreading of viruses. Therefore the VHCs are considered
an essential accessory device in all hospitals in the face of COVID-19.
Our homemade VHC should be an ideal solution to this problem. It is
a lot cheaper than any other commercial VHCs. It is effective to
deliver the bronchodilators and very easy to make. Since it is not
durable, we would suggest to use it as a disposable medical device for
an individual patient. For adult patients, our VHC can be enlarged by
using larger sizes of a coffee cups and water bottles. Additional
research may be needed to determine its efficacy in adults with
asthma in the future.

In conclusion, a homemade VHC is a promising alternative option
for a medical device for use with an MDI medication. It is made from

a paper coffee cup and a drinking water bottle which costs less than

85U8017 SUOWILLOD 8A11E81D) 3|qeo![dde 8Ly Aq peupob ke Sepie YO ‘8sn JO Sa|n 10j ARIqiT8UlUQ AB|IM UO (SUOTHIPUOD-PUB-SWBH /00" A8 | M Ake.q)1|Bul 1 [UO//:SAny) SUORIPUOD pue Swie | 8U18es *[£202/20/2Z] Uo ARigiTauliuo A(Im Aisiealun (opiyein Ad 215z INdd/z00T 0T/10p/woo A 1M Aselqutjuo//sdny wiolj pepeojumod ‘T ‘TZ0Z ‘960660T


http://wileyonlinelibrary.com

CHAICOMING ET AL

one dollar. To make this VHC is easy and fast. The coffee cup seals
over the nose and mouth simulating a face mask. The movement of
valves with respiration reassures medication delivery to the lungs. It
is effective as shown by significant bronchodilator response. Due to
its low-cost, this homemade VHC can be used as a disposable medical
device for any patients, with or without COVID-19 infection, who
suffer from bronchospasm, especially in developing countries where

commercial VHCs are not reachable.

ACKNOWLEDGMENTS

The authors would like to pay respect to Professor Allan Coates for
his kind advice and encouragement towards our work on this
homemade VHC. Likewise, we thank to M.L. Sirina Jittalan for her
editorial assistance, Harutai Kamalaporn, MD, Teeradej Kuptanon,
MD, and Thitida Chaisupamongkollarp for valuable suggestions, and
also Kamonrat Kittipimpanon for the statistical analysis.

CONFLICT OF INTERESTS
The authors declare that there are no conflict of interests.

AUTHOR CONTRIBUTIONS

Study conception and design: Kesanee Chaicoming and Aroonwan
Preutthipan. Developing the valved holding chamber: Anusorn Adir-
ekkittikun and Kesanee Chaicoming. Acquisition of data: Kesanee
Chaicoming and Malinee Nugboon. Analysis and interpretation of data:
Kesanee Chaicoming and Aroonwan Preutthipan. Drafting of manu-
script: Kesanee Chaicoming and Aroonwan Preutthipan. Critical revi-

sion: Aroonwan Preutthipan.

ORCID

Aroonwan Preutthipan http://orcid.org/0000-0003-4333-2390

REFERENCES

1. Bavel JJV, Baicker K, Boggio PS, et al. Using social and behavioural
science to support COVID-19 pandemic response. Nat Hum Behav.
2020;4(5):460-471. https://doi.org/10.1038/s41562-020-0884-z

2. Setti L, Passarini F, De Gennaro G, et al. Airborne transmission route
of COVID-19: why 2 meters/6 feet of inter-personal distance could
not be enough. Int J Environ Res Public Health. 2020;17(8):2932.
https://doi.org/10.3390/ijerph17082932

3. Abrams EM, Szefler SJ. Managing asthma during COVID-19: an ex-
ample for other chronic conditions in children and adolescents.
J Pediatr. 2020. https://doi.org/10.1016/j.jpeds.2020.04.049

4. Global Initiative for Asthma - GINA. COVID-19: GINA Answers to
Frequently Asked Questions on Asthma Management. 2020; https://
ginasthma.org/covid-19-gina-answers-to-frequently-asked-questions-
on-asthma-management/

5. Vincken W, Levy ML, Scullion J, Usmani OS, Dekhuijzen PNR,
Corrigan CJ. Spacer devices for inhaled therapy: why use them, and
how? ERJ Open Res. 2018;4(2):00065-2018. https://doi.org/10.1183/
23120541.00065-2018

6. Nikander K, Nicholls C, Denyer J, Pritchard J. The evolution of
spacers and valved holding chambers. J Aerosol Med Pulm Drug Deliv.
2014;27(suppl 1):S4-S23. https://doi.org/10.1089/jamp.2013.1076

7. Rubin BK, Fink JB. Optimizing aerosol delivery by pressurized
metered-dose inhalers. Respir Care. 2005;50(9):1191-1200. https://
doi.org/10.1088/1361-6668/aa8e28

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

55
B\ | L E Y ——

i)

. Cates CJ, Rowe BH, Bara A. Holding chambers versus nebulisers for

beta-agonist treatment of acute asthma. Cochrane Database Syst Rev.
2002;(2):CD000052. https://doi.org/10.1002/14651858.CD0O00052

. Iramain R, Castro-Rodriguez JA, Jara A, et al. Salbutamol and ipra-

tropium by inhaler is superior to nebulizer in children with severe
acute asthma exacerbation: randomized clinical trial. Pediatr Pulmonol.
2019;54(4):372-377. https://doi.org/10.1002/ppul.24244

Goh AEN, Tang JPL, Ling H, et al. Efficacy of metered-dose inhalers
for children with acute asthma exacerbations. Pediatr Pulmonol. 2011;
46(5):421-427. https://doi.org/10.1002/ppul.21384
Rodriguez-Martinez CE, Sossa-Briceno MP, Castro-Rodriguez JA.
Comparison of the bronchodilating effects of albuterol delivered by
valved vs. non-valved spacers in pediatric asthma. Pediatr Allergy Im-
munol. 2012;23(7):629-635. https://doi.org/10.1111/pai.12008

Ari A. Practical strategies for a safe and effective delivery of aero-
solized medications to patients with COVID-19. Respir Med. 2020;
167:105987. https://doi.org/10.1016/j.rmed.2020.105987

American Academy of Allergy Al. Spacers and Valved Holding
Chambers (VHCs) for Use with Metered Dose Inhalers (MDls).
2020; https://www.aaaai.org/conditions-and-treatments/library/
asthma-library/spacers-asthma

Rodriguez C, Sossa M, Lozano JM. Commercial versus home-made
spacers in delivering bronchodilator therapy for acute therapy in
children. Cochrane Database Syst Rev. 2008;(2):CD005536. https://doi.
org/10.1002/14651858.CD005536.pub2

Graham BL, Steenbruggen |, Miller MR, et al. Standardization of
spirometry 2019 update. An Official American Thoracic Society and
European Respiratory Society Technical Statement. Am J Respir Crit
Care Med. 2019;200(8):e70-e88. https://doi.org/10.1164/rccm.2019
08-1590ST

Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values
for spirometry for the 3-95-yr age range: the global lung function
2012 equations. Eur Respir J. 2012;40(6):1324-1343. https://doi.org/
10.1183/09031936.00080312

Faul F, Erdfelder E, Lang A-G, Buchner A. G* Power 3: a flexible
statistical power analysis program for the social, behavioral, and
biomedical sciences. Behav Res Methods. 2007;39(2):175-191.
Pellegrino R. Interpretative strategies for lung function tests. Eur
Respir J. 2005;26(5):948-968. https://doi.org/10.1183/09031936.05.
00035205

Zar HJ, Asmus MJ, Weinberg EG. A 500-ml plastic bottle: an effective
spacer for children with asthma. Pediatr Allergy Immunol. 2002;13(3):
217-222. https://doi.org/10.1034/j.1399-3038.2002.01056.x

Amirav |, Mansour Y, Mandelberg A, Bar-llan I, Newhouse MT. Re-
designed face mask improves “real life” aerosol delivery for Neb-
uchamber. Pediatr Pulmonol. 2004;37(2):172-177. https://doi.org/10.
1002/ppul.10418

Vilarinho LC, Cardeal Mendes CM, de Freitas Souza LS. [Metered-
dose inhalers with home-made spacers versus nebulizers to treat
moderate wheezing attacks in children]. J Pediatr. 2003;79(5):
403-412.

Wildhaber JH, Janssens HM, Pierart F, Dore ND, Devadason SG,
LeSouef PN. High-percentage lung delivery in children from
detergent-treated spacers. Pediatr Pulmonol. 2000;29(5):389-393.
https://doi.org/10.1002/(sici) 1099-0496(200005)29:5<389::aid-
ppul8>3.0.co;2-3

Kenyon CJ, Thorsson L, Borgstrom L, Newman SP. The effects of
static charge in spacer devices on glucocorticosteroid aerosol de-
position in asthmatic patients. Eur Respir J. 1998;11(3):606-610.
Fink JB. Aerosol device selection: evidence to practice. Respir Care.
2000;45(7):874-885.

Dissanayake S, Suggett J. A review of the in vitro and in vivo valved
holding chamber (VHC) literature with a focus on the AeroChamber
Plus Flow-Vu Anti-static VHC. Ther Adv Respir Dis. 2018;12:
1753465817751346. https://doi.org/10.1177/1753465817751346

85U8017 SUOWILLOD 8A11E81D) 3|qeo![dde 8Ly Aq peupob ke Sepie YO ‘8sn JO Sa|n 10j ARIqiT8UlUQ AB|IM UO (SUOTHIPUOD-PUB-SWBH /00" A8 | M Ake.q)1|Bul 1 [UO//:SAny) SUORIPUOD pue Swie | 8U18es *[£202/20/2Z] Uo ARigiTauliuo A(Im Aisiealun (opiyein Ad 215z INdd/z00T 0T/10p/woo A 1M Aselqutjuo//sdny wiolj pepeojumod ‘T ‘TZ0Z ‘960660T


http://orcid.org/0000-0003-4333-2390
https://doi.org/10.1038/s41562-020-0884-z
https://doi.org/10.3390/ijerph17082932
https://doi.org/10.1016/j.jpeds.2020.04.049
https://ginasthma.org/covid-19-gina-answers-to-frequently-asked-questions-on-asthma-management/
https://ginasthma.org/covid-19-gina-answers-to-frequently-asked-questions-on-asthma-management/
https://ginasthma.org/covid-19-gina-answers-to-frequently-asked-questions-on-asthma-management/
https://doi.org/10.1183/23120541.00065-2018
https://doi.org/10.1183/23120541.00065-2018
https://doi.org/10.1089/jamp.2013.1076
https://doi.org/10.1088/1361-6668/aa8e28
https://doi.org/10.1088/1361-6668/aa8e28
https://doi.org/10.1002/14651858.CD000052
https://doi.org/10.1002/ppul.24244
https://doi.org/10.1002/ppul.21384
https://doi.org/10.1111/pai.12008
https://doi.org/10.1016/j.rmed.2020.105987
https://www.aaaai.org/conditions-and-treatments/library/asthma-library/spacers-asthma
https://www.aaaai.org/conditions-and-treatments/library/asthma-library/spacers-asthma
https://doi.org/10.1002/14651858.CD005536.pub2
https://doi.org/10.1002/14651858.CD005536.pub2
https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1183/09031936.00080312
https://doi.org/10.1183/09031936.00080312
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.1034/j.1399-3038.2002.01056.x
https://doi.org/10.1002/ppul.10418
https://doi.org/10.1002/ppul.10418
https://doi.org/10.1177/1753465817751346

56
* 1 wi LEY—§

26.
27.

28.

CHAICOMING ET AL

Mclvor RA, Devlin HM, Kaplan A. Optimizing the delivery of inhaled
medication for respiratory patients: the role of valved holding
chambers. Can Respir J. 2018;2018:5076259. https://doi.org/10.1155/
2018/5076259

Reginato R, Amantea SL, Krumenauer R. Pressure gradient and in-
spiratory times required for valve opening of various holding cham-
bers. Allergy Asthma Proc. 2011;32(2):137-141. https://doi.org/10.
2500/aap.2011.32.3421

Herbes C, Goncalves AM, Motta GC, Ventura D, Colvero M,
Amantea SL. Metered-dose inhaler therapy with spacers:
are newborns capable of using this system correctly? Pediatr
Pulmonol. 2019;54(9):1417-1421. https://doi.org/10.1002/ppul.
24436

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Chaicoming K, Preutthipan A,
Adirekkittikun A, Nugboon M. Homemade valved holding
chambers for children with airway hyperresponsiveness: a
randomized crossover trial. Pediatric Pulmonology. 2021;56:
49-56. https://doi.org/10.1002/ppul.25123

85U8017 SUOWILLOD 8A11E81D) 3|qeo![dde 8Ly Aq peupob ke Sepie YO ‘8sn JO Sa|n 10j ARIqiT8UlUQ AB|IM UO (SUOTHIPUOD-PUB-SWBH /00" A8 | M Ake.q)1|Bul 1 [UO//:SAny) SUORIPUOD pue Swie | 8U18es *[£202/20/2Z] Uo ARigiTauliuo A(Im Aisiealun (opiyein Ad 215z INdd/z00T 0T/10p/woo A 1M Aselqutjuo//sdny wiolj pepeojumod ‘T ‘TZ0Z ‘960660T


https://doi.org/10.1155/2018/5076259
https://doi.org/10.1155/2018/5076259
https://doi.org/10.2500/aap.2011.32.3421
https://doi.org/10.2500/aap.2011.32.3421
https://doi.org/10.1002/ppul.24436
https://doi.org/10.1002/ppul.24436
https://doi.org/10.1002/ppul.25123



