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ABSTRACT
Background  Research on spacers for paediatric 
breathing patterns is limited, especially for disposable 
types, which may be a practical alternative to reusable 
valved holding chambers (VHC) in certain clinical 
settings.
Methods  In vitro, the fine particle dose (FPD) of 
salbutamol from a pressurised metered-dose inhaler 
(pMDI) was tested using two paperboard spacers—
DispozABLE (Diz) and LiteAire (LA)—and three reusable 
VHCs: AeroChamber Plus Flow-Vu (AC), EasyChamber 
(EC) and OptiChamber Diamond (OC). The pMDI+VHC 
setup was connected to a child throat model without 
a facemask. Salbutamol availability for inhalation was 
measured using a Next Generation Impactor under three 
paediatric breathing patterns: calm breathing (6 and 4 
year olds) and obstructive breathing.
Results  Median FPD in the respirable range (1–5 µm) 
was significantly higher for EC compared with LA, 
Diz and AC. Obstructive breathing increased throat 
deposition for all spacers, with Diz showing the highest. 
LA had the lowest throat deposition in calm breathing, 
and EC in obstructive breathing.
Conclusion  Traditional VHCs, especially EC and OC, 
outperformed disposable spacers. Among disposables, 
the valved LA performed better than the valveless Diz 
and may offer a cost-effective, practical alternative to 
reusable spacers in specific scenarios.

INTRODUCTION
Acute wheezing, whether viral or asthma related, 
accounts for approximately 10% of emergency room 
(ER) visits in children, with hospitalisation required 
in 30–50% of cases.1–3 In young children with acute 
wheeze, short-acting β₂-agonists are commonly 
used for rapid symptom relief, particularly in emer-
gency settings, although guideline recommenda-
tions differ by age group and clinical context.4 5 For 
young children unable to use dry powder inhalers, 
international guidelines strongly recommend using 
pressurised metered-dose inhalers (pMDIs) with a 
valved holding chamber (VHC) over nebulisers in 
mild and moderate bronchoconstriction.4 5

Disposable or single-use spacers present a poten-
tially viable alternative to reusable VHCs, particu-
larly in emergency settings and lung function tests 
(eg, bronchodilator responsiveness testing). They 
may offer a convenient, hygienic and cost-effective 
solution, with unit prices ranging from one-fourth 
to one-tenth of reusable spacers. Disposable spacers 
vary in design and usability. They are commonly 
made of cardboard, sometimes incorporating plastic 
elements, and are either collapsible or rigid. Some 

models are equipped with a one-way valve, while 
others have no valves. These devices are intended 
as lowcost, portable alternatives to plastic VHCs 
and are primarily designed for single-use, short-
term applications. In contrast, reusable VHCs are 
typically constructed from durable plastic, feature 
dual one-way valves and are intended for long-term 
use with appropriate cleaning and maintenance. 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Short-acting β₂-agonists delivered via 
pressurised metered-dose inhalers with valved 
holding chambers (VHCs) are the preferred 
treatment for acute wheezing in young children.

	⇒ Disposable spacers offer a potentially cost-
effective and hygienic alternative to reusable 
VHCs in emergency settings, but data on their 
performance remain scarce.

	⇒ Prior studies suggest that different spacers can 
significantly vary in drug delivery efficiency, 
and findings from one spacer cannot be 
extrapolated to another.

WHAT THIS STUDY ADDS
	⇒ Fine particle dose delivery was significantly 
higher with EasyChamber (EC) compared with 
all other spacers, including disposable models.

	⇒ Among disposable spacers, the valved LiteAire 
(LA) performed better than the valveless 
DispoZABLE (Diz) and had comparable 
performance to some reusable VHCs in certain 
scenarios.

	⇒ Obstructive breathing patterns increased throat 
deposition across all spacers, with the highest 
levels observed for Diz, reinforcing that the use 
of valveless design is not justified.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The findings reinforce the importance of 
selecting the most effective VHC, when possible, 
as performance varies significantly between 
devices.

	⇒ While disposable spacers are not a substitute 
for high-performing VHCs such as EC, valved 
disposable options such as LA may be viable 
in settings where cleaning and reuse are 
impractical.

	⇒ Policymakers and clinicians should consider 
both drug delivery efficiency and cost-
effectiveness when integrating disposable 
spacers into acute care protocols, particularly 
for emergency and ambulatory settings.
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Although some disposable spacers may resemble VHCs in terms 
of internal volume, they differ significantly in terms of mate-
rials, valve configuration and intended duration of use. These 
differences are crucial to consider when evaluating drug delivery 
efficiency and clinical relevance.

There is a scarcity of published research on the efficacy of 
commercially available disposable spacers.6–11 In vivo studies 
have shown no significant difference in asthma symptom scores 
or peak flow when comparing nebulisers with the disposable 
paperboard spacer LiteAire (LA) (Thayer Medical, Tucson, 
Arizona, USA) for acute asthma treatment in adults.6 However, 
comparisons between disposable and other types of spacers 
remain limited, especially in children. Additionally, financial 
conflicts of interest and the limitations of in vitro studies—
where breathing parameters often do not accurately reflect 
real paediatric conditions—further complicate the evaluation 
process.7 9 10 Our previous studies have demonstrated that data 
from one spacer cannot be extrapolated to another, even if they 
share similar properties such as material, shape and volume.12 13 
Although spacers are tested to meet regulatory requirements for 
safety, efficacy and quality prior to market approval, the rigour 
and clinical relevance of these tests remain unclear. This uncer-
tainty reinforces the need for independent, rigorous testing of 
commercially available disposable spacers under clinically rele-
vant, age-appropriate paediatric conditions.

International standards recommend assessing in vitro drug 
delivery of inhaled medications using cascade impactors. 
These devices measure the aerodynamic particle size distribu-
tion (APSD) of drug particles emitted from an aerosol source, 
determining their likelihood of reaching therapeutically signif-
icant regions of the respiratory tract. Particle size is critical, as 
optimal lung deposition occurs within the respirable range of 
1–5 µm. For children, an even narrower range of 1–3 µm has 
been proposed as ideal.14 15

In this study, we aimed to evaluate the APSD of salbutamol, 
focusing on fine particle dose (FPD) and throat deposition, with 
three reusable VHCs, one disposable VHC and one dispos-
able valveless spacer under normal and obstructive paediatric 
breathing patterns.

MATERIALS AND METHODS
Following international standards for in vitro inhaled drug 
testing, we used a Next Generation Impactor (NGI, Copley 
Scientific, Nottingham, UK) equipped with a mixing inlet and 
a child throat model (Child Alberta Idealized Throat, Copley 
Scientific, Nottingham, UK) (online supplemental figure S1). We 
used a child throat model that represents the anatomy of chil-
dren aged 6–14 years, as there is currently no validated model 
available for younger children. A Breathing Simulator BRS 3100 
(Copley Scientific, Nottingham, UK) was used to generate a sinu-
soidal wave pattern.

The spacers were connected to the throat model using a sili-
cone adapter without a facemask and the system was tested for 
leaks before each run. The disposable spacers studied were LA 
and DispozABLE (Diz). The reusable VHCs examined were 
AeroChamber Plus Flow-Vu with mouthpiece, EasyChamber 
(EC) and OptiChamber Diamond. From the age of 4 years, chil-
dren are generally able to use VHCs without a mask,4 16 thus 
masks were excluded from this study.

Three sinusoidal breathing profiles were studied: two repre-
senting calm breathing and one representing obstructive 
breathing. The calm breathing profiles included profiles typical 
for a 4 years old: respiratory rate (RR) 24/min, tidal volume (Vt) 

150 mL, inspiratory/expiratory (I/E) ratio 1 s/1.5 s and a typical 
6 years old (RR 24/min, Vt 220 mL and I/E ratio 1 s/1.5 s). The 
obstructive breathing profile was characterised by RR 50/min, 
Vt 50 mL and an I/E ratio of 0.5 s/0.7 s. The parameters for 
calm breathing were estimated based on the expected heights of 
4-year-old and 6-year-old children according to Finnish growth 
curves.17 These heights were used to calculate RR, Vt, and I/E, 
and we then verified that the RR and I/E results aligned with 
recent reference values.18

Salbutamol delivery was generated using a pMDI (Vento-
line Evohaler 100 µg/dose, GlaxoSmithKline, Evreux, France). 
A single dose (100 µg) was actuated into the test system after 
shaking the pMDI.19 20 Following actuation, the breathing simu-
lator was manually timed to perform five sinusoidal breathing 
cycles to draw the dose from the spacer. In vivo, a few breathing 
cycles are typically required for aerosol inhalation from spacers.21 
After completing five breathing cycles, samples were collected 
from the throat model and the eight NGI cups.

For each reusable VHC, one unit from three different manu-
facturing lots was tested, with each breathing pattern test 
repeated four times per VHC. The reusable VHCs were cleaned 
and dried after each test, in accordance with the manufacturer’s 
instructions. For the disposable spacers, three new spacers were 
used for each test run, with each breathing pattern test repeated 
four times per spacer.

The test system preparation involved coating the NGI stage 
cups with a fixation solution to minimise particle bounce-off. 
Samples were collected by adding a solvent to the throat model 
and NGI cups. For each NGI part one vial was sampled and anal-
ysed by high-performance liquid chromatography carried out by 
Emmace Consulting AB (Lund, Sweden) with the following setup: 
mobile phase; Methanol/50 mM phosphate buffer pH 3.0 20/80 
(vol/vol), pump flow rate; 1 mL/min, injection volume; 10 µL, 
detection wavelength; 224 nm, column; Symmetry (Waters), 
C18, 5 µm, 50 mm × 3.9 mm (ID). The method is linear between 
0.1 and 31 µg/mL. The limit of quantitation is 0.2 µg/mL. The 
NGI stage cut-off diameters were determined based on the flow 
rate used, with interpolation between two adjacent stages.

Statistical analysis was performed using IBM SPSS Statistics 
for Windows, V.29. Since the data were not normally distrib-
uted, to assess the differences in delivered dose of salbutamol 
among spacers, the Kruskal-Wallis test was used. To minimise 
the risk of type 1 error associated with multiple comparisons 
and to maintain the overall familywise error rate below 0.05, the 
Bonferroni correction was applied with the adjusted significance 
level of p<0.0083.

RESULTS
The overall APSD and delivered doses at throat model and 
different stages of the impactor are given in figure  1, while 
FPD and throat deposition are presented in more detail in 
(figures 2–4). The APSD profile was similar in shape across the 
spacers in all breathing patterns with the highest dose peaking in 
the desired FPD range of 1–5 µm, but there seemed to be differ-
ences in FPD between breathing patterns and spacers (figure 1).

The median FPD level was significantly higher with all spacers 
in the calm breathing profiles (6-year-old and 4-year-old children) 
compared with obstructive breathing (p<0.001). Additionally, 
for EC and OptiChamber, there was a significant difference in 
median delivered FPD between the two calm breathing profiles, 
with a significantly higher dose in the 6-year-old breathing 
profile (p<0.01). The valved LA and the reusable AeroChamber 
had similar profiles and delivered doses.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 

https://dx.doi.org/10.1136/archdischild-2025-328830
http://adc.bmj.com/


3Ojanperä L, et al. Arch Dis Child 2025;0:1–8. doi:10.1136/archdischild-2025-328830

Original research

Figure 1  The amount of salbutamol in the throat model and in the different stages of the Next Generation Impactor (NGI) with three different 
breathing profiles and five different spacers. (A) Tidal breathing of a 6 years old (Vt 220 mL, RR 24 /min and I/E 1.0 s/1.5 s). (B) Tidal breathing of a 
4 years old (Vt 150 mL, RR 24 /min and I/E 1.0 s/1.5 s). (C) Obstructive breathing (Vt 50 mL, RR 50 /min and I/E 0.5 s/0.7 s). Label claim: 100 µg/dose 
salbutamol (Ventoline Evohaler). Solid line indicates reusable spacer and dashed line indicates disposable spacer. The box represents the particle 
distribution within the 1–5 µm respirable range. I/E, inspiration/expiration; MOC, micro-orifice collector; RR, respiratory rate; Vt, tidal volume.
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The median delivered FPD in the respirable range of 1–5 µm 
was significantly higher for EasyChamber compared with LA, 
Diz and AeroChamber in all the breathing profiles (figure  2 

and table 1). EC also showed superior 1–5 µm particle delivery 
compared with OptiChamber in the 4-year-old profile. The 
disposable valveless Diz delivered the lowest amount of 

Figure 2  Fine particle dose in the respirable range 1–5 µm of 1 dose of salbutamol 100 µg/dose with three different breathing profiles and five 
different spacers. Tidal breathing of a 6 years old (Vt 220 mL, RR 24 /min and I/E 1.0 s/1.5 s). Tidal breathing of a 4 years old (Vt 150 mL, RR 24 /min and 
I/E 1.0 s/1.5 s). Obstructive breathing (Vt 50 mL, RR 50 /min and I/E 0.5 s/0.7 s). Error bars: 95% CI. I/E, inspiration/expiration; RR, respiratory rate; Vt, 
tidal volume.

Figure 3  Fine particle dose in the respirable range 1–3 µm of 1 dose of salbutamol 100 µg/dose with three different breathing profiles and five 
different spacers. Tidal breathing of a 6 years old (Vt 220 mL, RR 24 /min and I/E 1.0 s/1.5 s). Tidal breathing of a 4 year old (Vt 150 mL, RR 24 /min and 
I/E 1.0 s/1.5 s). Obstructive breathing (Vt 50 mL, RR 50 /min and I/E 0.5 s/0.7 s). Error bars: 95% CI. I/E, inspiration/expiration; RR, respiratory rate; Vt, 
tidal volume.
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salbutamol during tidal breathing. During obstructive breathing 
the disposable LA and Diz as well as the reusable AeroChamber 
showed similarly low performance (figure 2 and table 1).

EC showed significantly higher median FPD also in the 
smaller particle range of 1–3 µm compared with any other spacer 
in the 4-year-old breathing profile and obstructive breathing 
(figure 3 and table 1). For the 6-year-old profile, the FPD 1–3 µm 
was significantly higher with EC compared with Diz, LA and 
AeroChamber. OptiChamber showed significantly higher FPD 
1–3 µm delivery compared with Diz and AeroChamber in the 
6-year-old breathing profile, as well as compared with LA during 
obstructive breathing (figure 3 and table 1).

The relative throat deposition was highest in obstructive 
breathing for all spacers (figure 3). Diz showed the highest rela-
tive throat deposition in all the breathing profiles and the differ-
ence was statistically significant compared with LA and EC in 
the calm breathing profiles and to LA, OptiChamber and EC 
in obstructive breathing. LA and EC showed the lowest rela-
tive throat deposition in the calm breathing profiles and EC in 
obstructive breathing.

DISCUSSION
This is the first publication to compare the APSD of salbutamol 
delivered via disposable paperboard spacers and reusable VHCs 
under various simulated paediatric breathing patterns that mimic 
real-life conditions in children under school age. Our study 
revealed significant differences between disposable and reusable 
spacers, as well as variations among spacers of the same type. 
The valveless Diz performed poorly overall. LA and AeroCh-
amber exhibited remarkably similar FPD profiles and delivered 
dose in all setups despite notable differences in material and 
design. EC demonstrated superior performance compared with 
all other spacers in both the FPD 1–5 µm and FPD 1–3 µm ranges 
across all breathing patterns. The drug output of OptiChamber 

was higher than that of Diz, LA and AeroChamber in obstructive 
breathing and the calm breathing profile of a 6-year-old profile 
but not in the 4-year-old profile.

The performance of all spacers declined as Vt decreased. These 
results align with previous studies showing that a decrease in Vt 
reduces the delivered dose, particularly in cases of extremely low 
Vt during obstructive breathing.12–14 22

In our present study using salbutamol, there was no significant 
difference in the shape of the FPD profile between the spacers. 
However, in our previous in vitro study on the performance of 
pMDI+VHC with fluticasone propionate compared with EC, 
the FPD distribution of other VHCs (OptiChamber, AeroCh-
amber and Babyhaler) was notably different, skewing towards 
particles below 2 µm.12 These findings highlight that results from 
one molecule cannot be directly extrapolated to another when 
using the same spacer, due to differences in molecular behaviour.

Most studies report FPD in the 1–5 µm range. However, 
spacer performance may vary even between the 1–3 µm and 
1–5 µm particle size ranges. In the 1–3 µm FPD range, we found 
more statistically significant differences favouring EC and Opti-
Chamber compared with the 1–5 µm FPD range. The clinical 
significance of this finding remains uncertain, but it highlights 
the variability in spacer performance. As no regulatory accep-
tance criteria for FPD currently exist, such comparisons across 
different particle size fractions provide valuable context for 
interpreting device performance.

The performance of OptiChamber exhibited the greatest vari-
ability, while EC showed the least. In less controlled situations, 
such as in vivo conditions, the predictability and reproducibility 
of drug output and throat deposition may be even lower. This 
would further highlight the advantage of devices with more 
consistent performance.

The overall performance of a traditional VHC, EC, is indisput-
ably superior to that of disposable spacers. Whenever possible, 

Figure 4  Throat deposition of salbutamol with three different breathing profiles and five different spacers. Tidal breathing of a 6 years old (Vt 
220 mL, RR 24 /min and I/E 1.0 s/1.5 s). Tidal breathing of a 4 years old (Vt 150 mL, RR 24 /min and I/E 1.0 s/1.5 s). Obstructive breathing (Vt 50 mL, RR 
50 /min and I/E 0.5 s/0.7 s). Error bars: 95% CI. Label claim: 100 µg/dose salbutamol (Ventoline Evohaler). I/E, inspiration/expiration; RR, respiratory 
rate; Vt, tidal volume.
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the most effective VHC should be selected. On some measures, 
LA matched or even exceeded the performance of AeroChamber, 
while in others, there was no significant difference between 
LA and OptiChamber. Among the two disposable spacers, LA 
performed slightly better than Diz during tidal breathing, with 
significantly lower throat deposition. This may be attributed to 
Diz lacking valves, whereas LA features two one-way valves, as 
well as notable differences in their shape and overall design.

Disposable spacers cost only about one-fourth to one-tenth 
of reusable spacers and require no cleaning. In settings such as 
emergency departments, ambulances, lung function testing and 
other situations where cleaning, maintenance and storage of 
reusable VHCs are not feasible or practical, LA could serve as a 
cheaper, more compact, readily usable alternative. However, it is 
important to note that during obstructive breathing, LA and Diz 
do not perform as well as EC or OptiChamber. In such cases, the 
salbutamol dose may need to be adjusted to ensure an adequate 
therapeutic response. Environmental considerations related to 
spacer use are also important and should account not only for 
the carbon footprint of manufacturing and transportation but 
also for the environmental impact of cleaning procedures and 

medical waste generation. In clinical settings such as emer-
gency departments, ambulances and urgent care centres, reus-
able plastic VHCs may be impractical. As they are intended 
for single-patient use, they should not be reused for another 
individual, even after cleaning. Consequently, they must either 
be discarded after use or given to the patient, both of which 
increase per-use costs and present logistical challenges. Notably, 
one of the disposable spacers evaluated in our study (ie, LA) is 
primarily composed of cardboard, making it lightweight, mostly 
biodegradable and potentially recyclable. This distinguishes 
it from conventional plastic-based disposable devices and may 
substantially reduce its environmental footprint. Although the 
increased use of single-use medical devices raises legitimate 
sustainability concerns, the adoption of eco-friendly materials 
such as cardboard represents a meaningful advancement. Such 
design innovations may enhance both the feasibility and accept-
ability of disposable spacers in acute care contexts where the use 
of reusable devices is often not viable.

Our methods adhere to international standards for in vitro 
testing of inhaled medication. We simulated breathing param-
eters that closely approximate real-life conditions. Children 

Table 1  Pairwise comparison of FPD for 1–5 µm and 1–3 µm across spacers and the numerical values of median FPD 1–5 µm, FPD 1–3 µm and 
throat deposition

Breathing profile Pairs* Median FPD 1–5 µm (µg) Median FPD 1–3 µm (µg)

Median throat deposition 
per cent of total 
delivered dose

1–5 µm
Adj. Sig†

1–3 µm
Adj. Sig†

6-year-old profile
Vt 220 mL, I/E 1 s/1.5 s

EC–Diz 30.7–8.2 21.8–6.4 12.2–23.5 <0.001 <0.001

EC–LA 30.7–13.5 21.8–10.0 12.2–7.3 0.001 <0.001

EC–AC 30.7–11.9 21.8–9.0 12.2–17.5 <0.001 <0.001

EC–OC 30.7–16.3 21.8–12.0 12.2–12.6 0.706 0.064

OC–Diz 16.3–8.2 12.0–6.4 12.6–23.5 <0.001 <0.001

OC–LA 16.3–13.5 12.0–10.0 12.6–7.3 0.489 0.221

OC–AC 16.3–11.9 12.0–9.0 12.6–17.5 0.268 0.018

AC–Diz 11.9–8.2 9.0–6.4 17.5–23.5 0.527 0.143

AC–LA 11.9–13.5 9.0–10.0 17.5–7.3 1.000 1.000

LA–Diz 13.5–8.2 10.0–6.4 7.3–23.5 0.288 0.143

4-year-old profile
Vt 150 mL, I/E 1 s/1.5 s

EC–Diz 25.0–6.8 17.5–5.1 8.5–25.6 <0.001 <0.001

EC–LA 25.0–10.2 17.5–7.5 8.5–5.5 <0.001 <0.001

EC–AC 25.0–11.6 17.5–8.4 8.5–13.1 0.002 <0.001

EC–OC 25.0–14.1 17.5–10.4 8.5–13.3 0.043 <0.001

OC–Diz 14.1–6.8 10.4–5.1 13.3–25.6 0.040 0.143

OC–LA 14.1–10.2 10.4–7.5 13.3–5.5 0.929 0.589

OC–AC 14.1–11.6 10.4–8.4 13.3–13.1 1.000 0.143

AC–Diz 11.6–6.8 8.4–5.1 13.1–25.6 0.433 1.000

AC–LA 11.6–10.2 8.4–7.5 13.1–5.5 1.000 1.000

LA–Diz 10.2–6.8 7.5–5.1 5.5–25.6 1.000 1.000

Obstructive
Vt 50 mL, I/E 0.5 s/0.7 s

EC–Diz 6.4–1.5 4.7–1.2 32.2–58.9 <0.001 <0.001

EC–LA 6.4–1.4 4.7–1.2 32.2–30.2 <0.001 <0.001

EC–AC 6.4–1.7 4.7–1.0 32.2–45.8 <0.001 <0.001

EC–OC 6.4–4.0 4.7–2.8 32.2–36.5 0.572 0.011

OC–Diz 4.0–1.5 2.8–1.2 36.5–58.9 0.067 1.000

OC–LA 4.0–1.4 2.8–1.2 36.5–30.2 0.009 0.143

OC–AC 4.0–1.7 2.8–1.0 36.5–45.8 0.057 0.064

AC–Diz 1.7–1.5 1.0–1.2 45.8–58.9 1.000 1.000

AC–LA 1.7–1.4 1.0–1.2 45.8–30.2 1.000 1.000

LA–Diz 1.4–1.5 1.2–1.2 30.2–58.9 1.000 1.000

*Results favouring the respective spacer are shown in bold.
†Significance values have been adjusted by the Bonferroni correction for multiple tests.
AC. AeroChamber Plus Flow-Vu; Adj. Sig, adjusted significance; Diz. DispoZABLE; EC. EasyChamber; FPD. fine particle dose; I/E. inspiratory/expiratory; LA. LiteAire; OC. 
OptiChamber Diamond; Vt. tidal volume.
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exhibit variable Vt and RRs, which change with growth.23 24 
As children age, their RR decreases, with median breaths per 
minute as follows: <1 year: 37–44; 1–3 years: 25–38; 3–6 years: 
22–26; and 6–12 years: 18–22.25 Conversely, Vt increases with 
age, averaging approximately 7–10 mL/kg of ideal body weight 
during early childhood.24

Our findings are based on an in vitro model, which may 
not fully represent in vivo outcomes. However, the in vitro 
approach allowed for the efficient and standardised compar-
ison of multiple spacers under paediatric breathing profiles. 
The high level of control in this model helps to minimise 
confounding factors frequently encountered in clinical 
studies, such as variable cooperation, inadequate lip seal and 
inconsistent inhalation technique. Although direct extrapo-
lation of in vitro FPD data to in vivo therapeutic outcomes is 
not possible, previous studies with dry powder inhalers have 
demonstrated a strong correlation between FPD and lung 
bioavailability.26 Furthermore, clinical evidence suggests 
that the systemic bioavailability of fluticasone propionate 
is influenced by the choice of VHC, supporting the clinical 
relevance of our findings.27

Additional limitations include the use of only two paedi-
atric breathing patterns, which, while physiologically rele-
vant, do not capture the full spectrum of variability across 
the paediatric age range. As the only validated paediatric 
throat model currently available anatomically represents 
children aged 6–14 years, its use in testing with a simulated 
4-year-old breathing pattern may introduce some bias and 
limit the accuracy of extrapolation to younger age groups. 
Facemasks were excluded from this study, as children from 
the age of 4 years are generally able to use VHCs without a 
facemask.16 28 However, this exclusion may affect the gener-
alisability of the findings to real-life clinical settings, where 
facemask use may still be used. These aspects should be 
explored in future studies to better reflect real-world use. 
These findings are specific to salbutamol and should not be 
directly extrapolated to other drug classes such as ICS.

Global guidelines recommend the use of pMDIs and spacers 
over nebulisers in mild and moderate asthma attacks.4 5 
However, implementing these recommendations in practice 
remains challenging, despite strong evidence, particularly in 
paediatric populations. Our study suggests that, in terms of 
performance, EC and OptiChamber are preferable, though 
LA performs comparably to some reusable VHCs. VHCs are 
generally preferred over simple spacers without a one-way 
valve, as the latter are prone to aerosol dispersion caused 
by uncoordinated exhalation into the chamber.29 Our study 
showed poorer performance of Diz and hence supports this 
finding, reinforcing that the use of valveless spacers is not 
justified.

The adoption of new medical devices and practices is 
often a gradual process, frequently met with resistance 
due to familiarity with existing methods, concerns about 
efficacy and the need for additional training. Generating 
robust, high-quality evidence on inhalation devices is essen-
tial to reliably guide recommendations for the most effective 
options for children. Furthermore, comprehensive educa-
tion and training for healthcare professionals are critical to 
ensuring the proper use of these devices, ultimately leading 
to improved treatment outcomes and better adherence to 
guideline-based care.

Disposable spacers could help overcome some barriers 
to transitioning from nebulisers to spacers in ERs and 
ambulances, potentially enhancing the clinical response 

to salbutamol treatment in wheezing patients while also 
reducing healthcare costs. Although traditional VHCs—
especially EC and OptiChamber—generally outperform 
disposable spacers, certain valved disposable devices, such 
as LA, may be viable in specific situations where cost and 
practicality are key considerations.
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