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BACKGROUND: The drug delivery characteristics of each inhaler/spacer combination are unique.
The spacer size as well as the presence of electrostatic charge greatly influence the inhaler dose
emission and in vivo delivery. Using a previously developed urinary pharmacokinetic method, we
have measured the relative lung and systemic bioavailability of beclometasone dipropionate (BDP)
after inhalation from 2 hydrofluroalkane-beclometasone dipropionate (HFA-BDP) formulations
when used with a spacer. METHODS: 12 healthy volunteers received 8 randomized doses, sepa-
rated by 7 d, of inhaled of BDP with either the Clenil pressurized metered-dose inhaler (pMDI;
250 �g) or the breath-actuated Qvar Easi-Breathe inhaler (100 �g), used alone or with a spacer.
The urinary amounts of BDP excreted and retained in the spacer were assayed using a liquid
chromatographic mass spectrometer. The spacer was assessed after washing with a detergent
solution that was either rinsed or not rinsed with water. In addition, the aerodynamic character-
ization of each inhaler/spacer combination was assessed using the Andersen Cascade Impactor
operated at 28 L/min using a 4-L inhalation volume. The amount of BDP deposited in the induction
port, spacer, and various Anderson Cascade Impactor stages were determined. RESULTS: The
in vivo 30-min urinary excretion and the in vitro fine particle dose results were only slightly affected
by adding the spacer to the Clenil pMDI or the Qvar Easi-Breathe inhaler. However, the spacer
significantly reduced drug particle impaction in the oropharynx and minimized deposition in the
gastrointestinal tract. Therefore, using spacers with BDP inhalers is associated with a more favor-
able therapeutic ratio because it has little effect on lung dose, but it significantly reduced throat
deposition. An improved lung deposition was achieved with non-rinsed spacers compared to spacers
rinsed with water. CONCLUSION: The difference in the BDP particle size between formulations as
well as spacer size greatly affected drug deposition in different regions of the respiratory tract. Key
words: beclometasone dipropionate; urinary excretion; inhalation; spacers; relative lung bioavailability.
[Respir Care 2019;64(10):1222–1230. © 2019 Daedalus Enterprises]

Introduction

Inhaled corticosteroids (ICS) have long been recognized
as the cornerstone anti-inflammatory agent for asthma man-
agement in both adults and children as recommended by
the British Guideline on the Management of Asthma.1 ICS

can improve lung function, control symptoms, increase
exercise capacity, and reduce disease flare-ups. Yet many
factors can influence the effectiveness of ICS, such as the
aerosol-generating system, particle size distribution of the
inhaled aerosol, and the patient inhalation pattern.

Drs Said and AbuRuz are affiliated with the Clinical Pharmacy Depart-
ment, College of Pharmacy, Al Ain University of Science and Tech-
nology, Al Ain, United Arab Emirates. Prof Chrystyn is affiliated with
Inhalation Consultancy Limited, Leeds, United Kingdom. Dr Abu-
Ruz, Department of Clinical Pharmacy, College of Pharmacy, Al Ain
University of Science and Technology, Al Ain, United Arab Emirates;
Department of Clinical Pharmacy, Faculty of Pharmacy, University of
Jordan, Amman.

The authors have disclosed no conflicts of interest.

Correspondence: Amira SA Said PhD, Department of Clinical Pharmacy,
College of Pharmacy, Al Ain University of Science and Technology, Al
Ain, United Arab Emirates. E-mail: amira.ahmed@aau.ac.ae.

DOI: 10.4187/respcare.06689

1222 RESPIRATORY CARE • OCTOBER 2019 VOL 64 NO 10



Despite the fact that most patients cannot demonstrate a
correct inhalation technique, the pressurized metered-dose
inhaler (pMDI) is still the most commonly prescribed in-
haler device in clinical practice.2 Patients frequently fail to
synchronize aerosol actuation with inhalation or inhale
slowly after activation of the inhaler. Traditional pMDIs
can deliver less than one third of the emitted dose to the
lung, with the rest of medication being deposited in the
oropharynx.2 The development of spacers was an impor-
tant addition to pMDIs because larger drug particles are
retained on spacer walls by impaction, thus reducing the
oropharyngeal deposition. As a result, patients may expe-
rience fewer local side effects from steroid aerosols, such
as oral thrush, voice hoarseness, coughing, and throat dis-
comfort.3,4 For beclometasone inhaled therapy, reducing
oropharyngeal deposition is of critical importance because
this drug has low first-pass metabolism compared to other
ICSs. Thus, high oropharyngeal deposition can contribute
to systemic side effects without any increase in clinical
benefit. In addition, spacers increase the time required for
propellant evaporation and reduce both the size and speed
of the aerosol particles. Spacers reduce the need for patient
coordination between actuation and inhalation of the aero-
sol.5 However, spacers can improve lung drug delivery
only in patients with poor inhalation techniques; no addi-
tional benefits were observed in patients with good inha-
lation techniques.6

Different spacer/inhaler combinations will have different
drug-delivery characteristics. Therefore, for optimal device
selection, the delivery characteristics for each of these com-
binations should be fully assessed.

Currently, 2 brands of hydrofluroalkane-beclometasone
dipropionate (HFA-BDP) pMDIs are available in the United
Kingdom: Clenil Modulite (Chiesi Limited, Manchester,
United Kingdom) and QVAR (Teva Pharmaceutical In-
dustries, Petah Tikva, Israel). Because these aerosols are
not equipotent, the Medicines and Healthcare Products
Regulatory Agency advised that HFA-BDP pMDIs should
be prescribed by brand name to limit confusion and avoid
errors in prescribing. On the other hand, Clenil Modulite is
equivalent to Becotide (GlaxoSmithKline, Brentford,
United Kingdom), a chlorofluorocarbon (CFC)-BDP inno-
vator product, thus a straightforward substitution of doses
can be performed.7 The incorporation of BDP in a solution
form in the QVAR inhaler allowed the efficient delivery of
extra-fine particles that resulted in a 2–2.5-fold increase in
efficacy compared to other BDP pMDI brands.8 Formula-
tions rich in superfine particles such as QVAR (1.1 �m)
would be expected to provide higher lung deposition and
less oropharyngeal impaction. Indeed, improved penetra-
tion of these small particles into both large and small
airways would offer better bronchoconstriction relief and
inflammatory control throughout the respiratory system.
High lung-deposition values of � 50% were only possible

through the introduction of HFA-solution technology be-
cause dose emission from spacers is mainly dependent on
the drug,9 the formulation,2,10 the spacer size2,11 and its
level of the electrostatic charge.12-14 In this study, we com-
pared the relative lung bioavailability of beclometasone from
the Clenil pMDI (250 �g, 2.9 �m) and the Qvar Easi-Breathe
(100 �g, 1.1 �m) when used with a spacer. The spacer is a
plastic tube that is 2.5 � 3.5 cm, with an overall length of
10 cm and a volume of 50 mL (Norton Healthcare, Harlow,
United Kingdom, and GlaxoSmithKline).

The relative lung and systemic bioavailability of beclo-
metasone after inhalation as measured with a urinary phar-
macokinetic model has been previously reported.15 Based
on this model, 3 indices can be used to describe the rela-
tive amounts of BDP deposited in the lung: the 30-min
urinary excretion of either BDP, beclometasone, or beclo-
metasone 17-monopropionate. The 24-h urinary BDP ex-
creted and its metabolites allows an estimate of the total
systemic bioavailability after inhalation.

Methods

Washing of Spacers

All methods were performed in accordance with rele-
vant regulations and guidelines. To study the effect of

QUICK LOOK

Current knowledge

Pressurized metered-dose inhaler (pMDI) spacers have
a size-selective function that retains the non-breathable
large particles. This is important in inhaled steroid ther-
apy to reduce oropharyngeal deposition. Several factors
have been found to affect lung deposition from spacers,
including formulation particle size, spacer size, and level
of electrostatic charge on the spacer surface. Thus, op-
timal spacer length and handling method is specific to
a particular pMDI and cannot be assumed to be optimal
for other inhalers.

What this paper contributes to our knowledge

The addition of a small-volume spacer with larger drug
particles delivered with the Clenil pMDI was not suf-
ficient to allow complete evaporation of the aerosol
propellant before reaching the lung, thus reducing lung
deposition. On the other hand, using the same small-
volume spacer with the extrafine particles produced by
the Qvar Easi-Breathe did not affect lung deposition but
effectively reduced total systemic delivery of the in-
haled corticosteroid.
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electrostatic charges that build up inside the spacer, the
spacer was evaluated after washing with a detergent solu-
tion (Fairy Liquid, Procter & Gamble, London, United
Kingdom) and then either subsequently rinsed or not rinsed
with water. The spacer was left to dry at room temperature
before each study.

In Vitro

According to the method mentioned in the British Phar-
macopeia (2005),16 the Andersen Cascade Impactor (Co-
pley, Scientific Ltd, United Kingdom) operating at 28
L/min with a 4-L inhalation volume was used to charac-
terize the emitted dose from the Clenil and Qvar aerosols.
Two actuations from the 250-�g Clenil pMDI or 4 actu-
ations from the 100-�g Qvar Easi-Breathe were introduced
into the impactor for each inhaler or inhaler/spacer com-
bination. For each inhalation method, 5 separate determi-
nations were made. The amount of BDP deposited in the
spacer, induction port, and different stages of the Ander-
sen Cascade Impactor were measured using a previously
validated liquid chromatographic mass spectrometric
method.15 The mass median aerodynamic diameter
(MMAD), fine particle dose (FPD), and total emitted dose
(TED) were calculated for each inhaler with and without
the spacer using CITDAS software (Copley Scientific, Col-
wick, United Kingdom). The TED is the total amount of
drug collected from the mouthpiece, and it is expressed
with respect to the nominal dose. The FPD is the cumu-
lative amount of drug particles with size of � 5 �m. The
MMAD is the particle size corresponding to 50% of the
dose deposited in the Andersen Cascade Impactor.

In Vivo Study

Ethical approval for the in vivo study was granted from
the ethics committee at the University of Huddersfield,
Huddersfield, United Kingdom. Twelve healthy, non-
smoking adults (6 male) age � 18 years with an average
FEV1 � 90% predicted consented to participate in the
study. In an open-label study design, subjects were ran-
domly assigned to different treatment categories by utiliz-
ing a table of random numbers to reduce potential bias. It
was previously reported that utilizing randomization was
found to minimize bias to a greater extent than blinding in
inhalation medications studies.17

On separate days, each subject inhaled 8 doses of BDP
from either a 250-�g Clenil Modulite pMDI or a100-�g
Qvar Easi-breathe used alone or when attached to a spacer.
The spacer arm was further divided to rinsed spacer or
unrinsed spacer after washing with a detergent.

A randomized order of inhalation doses was adminis-
tered with a 7-d washout period between each study inha-
lation. All participants were trained on the correct inhala-

tion technique as recommended by the manufacturer. For
the Clenil pMDI, the participants were instructed to breathe
out as far as comfortable, and then, with the inhaler placed
between the lips, participants were instructed to actuate the
inhaler and breathe in at the same time for the full inha-
lation. Last, the inhaler was removed and participant held
their breath for at least 10 s, followed by slow exhalation.
The same inhalation procedure was repeated for the Easi-
Breathe device, except that subjects were instructed to skip
the coordination step between actuation and inhalation be-
cause the inhaled dose was automatically delivered during
inspiration with the breath-actuated inhaler. This slow in-
halation procedure continued over 3–5 s until total lung
capacity was reached. Different checkpoints were moni-
tored to ensure that the breath-actuation step occurred by
checking sound and taste and by witnessing the movement
of the device’s external lever with the dose release. Sub-
jects were instructed to hold their breath for 10 s after
inhalation, and the next dose was inhaled 30 s later.18 For
inhaler uses with the spacer, all participants were trained
to successfully master the inhalation technique with the
spacer per manufacturer’s instruction. In summary, partic-
ipants were instructed to exhale as much as possible, then
to actuate the dose into the spacer followed by slow and
deep inhalation for about 3–5 s, and finally to hold their
breath for about 10 s. Repeated doses were separated by
30 s.

All subjects were instructed to empty their bladder be-
fore each study. Urine sample collection was carried out at
30 min after inhalations, and then cumulatively for 24 h
after inhalation. All collected urine samples were frozen
at �20°C for subsequent analysis. The amounts of BDP
excreted in the urine and its metabolites, as well as drug
amounts retained in each spacer, were determined using a
previously validated liquid chromatographic mass spectro-
metric method.15

According to pre-study calculations, the selected sample
size in each study group to obtain an 80% power to detect
a 40% difference in lung dose was 12 subjects. Statistical
analysis of the 30-min and cumulative 24-h urinary excre-
tion of BDP inhaled from each inhaler or inhaler/spacer
combination were performed using a 2-way analysis of
variance test using SPSS V17.0 (SPSS, Chicago, Illinois).
In addition, a 1-way analysis of variance with Bonferroni
correction was used to compare the urinary excretions of
the different inhaler combinations. Equivalence between
different inhalation methods was identified by normalizing
the 30-min and cumulative 24-h urinary excretions for the
nominal dose and then log transformed. From the mean
square error of the analysis of variance, using subjects and
inhalation method as the main factors, the mean ratio
(90% CI) was calculated. As cleared by the FDA, the
90% CI for the mean ratios with a range of 80–120% is
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accepted as the standard regulatory test to identify bio-
equivalence, even when number of subjects is small.

Results

All 12 recruited subjects (6 males) completed the study.
Their mean (SD) weight, height, and age were 66.3 (8.1)
kg, 166.7 (7.6) cm, and 31.2 (8.9) y, respectively. Figures
1 and 2 show the mean (SD) 30-min and 24-h urinary BDP
excreted after inhalation of study doses, respectively. The
in vitro and in vivo data are summarized in Table 1.

As presented in Table 1, using the spacer significantly
reduced (P � .001) systemic delivery with both inhalers.
The 24-h urinary BDP significantly decreased (P � .001)
from 30.2 (6.6) with the Clenil pMDI alone to 17.4 (2.3)
and 14.7 (1.8) with Clenil � unrinsed spacer and Cle-
nil � rinsed spacer, respectively. With the Qvar Easi-
Breathe, the 24-h urinary BDP amount was significantly
reduced (P � .001) from 23.4 (3.9) to 15.3 (3.5) and 11.0
(2.5) with Qvar � unrinsed spacer and Qvar � rinsed
spacer, respectively. All values are expressed in �g.

Similarly, in vitro data showed significant reductions
(P � .001) in TED from 381.8 (6.3) for the Clenil pMDI
alone to 163.4 (15.2) and 112.5 (8) for Clenil � unrinsed
spacer, Clenil � rinsed spacer, respectively, and from
372.6 (27.1) for the Qvar Easi-Breathe alone to 207.5 (9.6)
and 138.8 (16.5) for Qvar � unrinsed spacer and
Qvar � rinsed spacer, respectively. All values are ex-
pressed in �g.

The data showed that more in vitro TED and in vivo
24-h urinary drug amounts were excreted with the un-
rinsed spacers compared to the spacers rinsed with water
after detergent use. This is in correspondence with the
more significant in vitro and in vivo retained drug amounts
in the rinsed spacer compared to the unrinsed one. On the
other hand, the 30-min urinary drug amounts (P � .05)
and the in vitro FPD were reduced when using the spacer
with Clenil. However, greater decreases in lung deposition
was encountered with the rinsed spacers compared to un-
rinsed ones.

The mean (SD) in vitro FPD values were 97.6 (20.8),
93.3 (17.6), 62.7 (8.2), and the mean (SD) 30-min urinary
BDP values were 3.7 (0.6), 3.6 (0.6), 3.3 (0.6) for the
Clenil pMDI, Clenil � unrinsed spacer, and Clenil � rinsed
spacer, respectively. All values are expressed in �g.

The values of 30-min urinary BDP excreted and FPD
after inhalation of Qvar Easi-Breathe study doses were
similar to those with Qvar � unrinsed spacer, and signif-
icantly higher than those with Qvar � rinsed spacer. The
mean (SD) value of FPD after inhalation of 218.0 (29.1)
for the Qvar Easi-Breathe study doses was similar to that
for Qvar � unrinsed spacer at 179.6 (15.1) but signifi-
cantly higher than that for Qvar � rinsed spacer at
121.9 (20.9). In the same manner, the mean (SD) 30-min
urinary BDP value of 3.5 (0.5) for the Qvar Easi-Breathe
was similar to that for Qvar � unrinsed spacer at 3.4 (0.8)
but significantly higher than that for Qvar � rinsed spacer
at 3.0 (0.6). All values are expressed in �g.

The statistical comparison of the results is shown in
Table 2, which represents the mean difference (95% CI)
for the percent of nominal dose of BDP excreted at 30 min
and 24 h after study doses with and without a spacer.
Table 3 presents a summary of the mean ratio (90% CI) of
BDP amounts between the 2 inhalers with and without the
spacer with respect to the nominal dose. The overall mean
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Fig. 1. Mean (SD) 30-min urinary amounts of BDP excreted after
inhalation of 8 doses of BDP from Qvar Easi-Breathe (100 �g) and
Clenil metered-dose inhaler (250 �g), with and without spacer
(both rinsed and unrinsed). BDP � beclometasone dipropionate.

24
-h

 u
rin

ar
y 

BD
P 

ex
cr

et
ed

 (�
g)

Clen
il

Clen
il +

 un
rin

se
d s

pa
ce

r

Clen
il +

 rin
se

d s
pa

ce
r

Qva
r

Qva
r +

 rin
se

d s
pa

ce
r

Qva
r +

 un
rin

se
d s

pa
ce

r

10

15

0

5

20

25

30

35

Fig. 2. Mean (SD) 24-h urinary amounts of BDP excreted after
inhalation of 8 doses of BDP from Qvar Easi-Breathe (100 �g) and
Clenil metered-dose inhaler (250 �g), with and without spacer
(both rinsed and unrinsed). BDP � beclometasone dipropionate.
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ratios of the 30-min and 24-h urinary BDP excretion for
Qvar Easi-Breathe versus the Clenil pMDI were 242.5%
(90% CI 212.5–276.8) and 196% (90% CI 171.8—23.7),
respectively.

Discussion

The results of this study have demonstrated appreciable
differences in urinary drug excretion and aerodynamic par-

ticle size distribution of different HFA formulations of the
same drug when used with the same spacer. The difference
in the particle size of these formulations (Qvar Easi-Breathe,
1.1 �m vs Clenil pMDI, 2.9 �m) and the size of the spacer
used greatly affected drug deposition in different regions
of the respiratory tract.

In this study, both in vitro and in vivo results of inhaled
BDP using the small volume spacer in both the Clenil
pMDI and the Qvar Easi-Breathe significantly reduced the
total systemic drug delivery. Moreover, addition of the
spacer significantly reduced lung deposition with the Cle-
nil pMDI, while it did not affect lung deposition with the
Qvar Easi-Breathe.

Indeed, one of the most critical factors that affect the
efficiency of asthma inhalation therapy is the inhaler de-
vice’s ability to target the drug to the lung with minimal

Table 1. In Vivo and In Vitro Data After Inhalation of 8 Doses of BDP With and Without Spacer

Inhaler Clenil pMDI (100 �g) Qvar EB (250 �g)

In vitro study
Spacer None Unrinsed Rinsed None Unrinsed Rinsed
Induction port 251.3 (22.0) 28.7 (7.1) 24.3 (6.7) 121.8 (15.5) 7.5 (3.6) 3.6 (1.0)
Spacer deposition NA 240.9 (26.6) 305.5 (33.9) NA 126.4 (8.1) 191.2 (22.9)
TED 381.8 (6.3) 163.4 (15.2) 112.5 (8.0) 372.6 (27.1) 207.5 (9.6) 138.8 (16.5)
FPD 97.6 (20.8) 93.3 (17.6) 62.7 (8.2) 218.0 (29.1) 179.6 (15.1) 121.9 (20.9)
MMAD 2.8 (0.4) 3.1 (0.2) 3.3 (0.3) 1.2 (0.2) 1.0 (0.2) 1.1 (0.2)

In vivo study
Spacer None Unrinsed Rinsed None Unrinsed Rinsed
30-min urinary BDP 3.7 (0.6) 3.6 (0.6) 3.3 (0.6) 3.5 (0.5) 3.4 (0.8) 3.0 (0.6)
24-h urinary BDP 30.2 (6.6) 17.4 (2.3) 14.7 (1.8) 23.4 (3.9) 15.3 (3.5) 11.0 (2.5)

Data are presented as mean (SD). Values are quoted in �g except MMAD (�m). In the in vitro study, 5 trials were performed on the on Andersen Cascade Impactor. In the in vivo study, 12 healthy
subjects participated.
BDP � beclometasone dipropionate
pMDI � pressurized metered-dose inhaler
Qvar EB � Qvar Easi-Breathe
MMAD � mass median aerodynamic diameter
TED � total dmitted dose
FPD � fine particle dose

Table 2. Mean Difference for the Percent of Nominal Dose of BDP
Excreted After Study Doses With and Without Spacer

Comparator
BDP 30 min

After Study Doses
BDP 24 h

After Study Doses

Qvar EB vs Clenil pMDI 0.3 (0.2 to 0.3)‡ 1.4 (1.2 to 1.7)‡
Clenil-unrinsed vs Qvar

EB-unrinsed
�0.2 (�0.3 to �0.2)‡ �1.0 (�1.3 to �0.8)‡

Clenil-rinsed vs Qvar
EB-rinsed

�0.2 (9�0.3 to �0.2)‡ �0.6 (�0.9 to �0.4)‡

Qvar EB vs Qvar
EB-unrinsed

0.1 (�0.2 to 0.5)§ 8.1 (6.0 to 10.3)‡

Qvar EB vs Qvar
EB-rinsed

0.5 (0.2 to 0.8)‡ 12.4 (10.3 to 14.6)‡

Clenil vs Clenil unrinsed 0.1 (�0.2 to 0.3)§ 12.8 (10.6 to 15.1)‡
Clenil vs Clenil rinsed 0.4 (0.1 to 0.7)* 15.5 (13.3 to 17.7)‡

Data are presented as mean difference (95% CI).
* P � .05.
† P � .01.
‡ P � .001.
§ No significant difference.
BDP � beclometasone dipropionate
Qvar EB � Qvar Easi-Breathe
pMDI � pressurized metered-dose inhaler

Table 3. Mean Ratio of BDP Excreted With or Without Spacer
(Normalized for the Nominal Dose)

Cumulative Urinary Excretion

BDP 30 min
After Study Doses

BDP 24 h
After Study Doses

Qvar EB vs Clenil 242.5 (212.5–276.8) 196.0 (171.8–223.7)
Qvar EB spacer vs

Clenil spacer
231.9 (205.0–262.5 216.4 (189.5–246.9)

Qvar EB vs Qvar EB
spacer

105.9 (96.2–116.6) 155.0 (136.3–176.1)

Clenil vs Clenil spacer 101.2 (95.3–107.6) 171.1 (154.8–188.9)

Data are presented as mean difference (90% CI).
BDP � beclometasone dipropionate
Qvar EB � Qvar Easi-Breathe
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deposition to unwanted sites. Therefore, using spacer de-
vices with asthma aerosols, especially ICS, is highly rec-
ommended to reduce oropharyngeal deposition, overcome
the coordination problem between actuation and breathing,
and improve overall lung drug delivery.6

Using the small volume spacer significantly reduced
oropharyngeal deposition by both the Clenil pMDI and the
Qvar Easi-Breathe, suggesting that the spacer substantially
reduced the amount of drug deposited in the oropharynx
by eliminating large particles deposition. Most of the large,
non-breathable steroid particles deposited on the spacer
walls, leaving only small, fine particles to reach the lung.
This was clearly indicated by the lower 24-h urinary ex-
cretions of BDP (P � .001) and the lower amount of drug
deposited in the induction port of the impactor (P � .001),
which is considerably important as it represents the oro-
pharyngeal cavity of the patient. This decrease in systemic
delivery of drug is due to deposition of part of the dose on
the walls of the spacer itself instead of deposition in the
mouth.21 Spacers can trap large particles and allow smaller
particles to pass through to the patient, thus depositing
only a small fraction of the inhaled dose in the oropharynx.

In this study, analysis of in vitro and in vivo data clearly
indicated that BDP inhaled from either the Clenil pMDI or
the Qvar Easi-Breathe in combination with a spacer sig-
nificantly decreased oropharyngeal deposition. This
finding is supported by 2 important markers: lower 24-h
urinary BDP (P � .001) and less accumulated drug in
the impactor induction port (P � .001), which repre-
sents the oropharyngeal cavity. The spacer was able to
improve the drug delivery of fine particles to the lung
and reduce the travel of large particles to the orophar-
ynx. This in turn resulted in lower systemic and local
side effects of inhaled BDP.22

Indeed, the higher in vitro TED for the Clenil pMDI and
the Qvar Easi-Breathe compared with that when the un-
rinsed spacer was attached translated into higher in vivo
systemic drug delivery to the main circulation. This find-
ing agrees with many previous in vitro8,22 and in vivo23-25

studies reporting that the use of spacers with pMDIs pro-
duce higher drug delivery to systemic circulation.

The fact that the spacer decreased systemic delivery
with either inhaler is of critical importance for ICS be-
cause it reduces the occurrence of local side effects in the
upper respiratory tract, such as oral thrush and candidiasis,
and it reduces the systemic side effects of ICS due to
minimum oral absorption.26

However, both in vitro and in vivo studies results re-
vealed that using a spacer with the Clenil pMDI signifi-
cantly reduced its lung deposition, but this did not affect
lung deposition by the Qvar Easi-Breathe inhaler. This
may be attributed to the differences in the emitted aerosol
particle size from these 2 formulations. The Qvar Easi-
Breathe inhaler has been designed to produce an aerosol

with a smaller particle size (1.1 �m MMAD). On the other
hand, the Clenil inhaler was originally designed to produce
an aerosol particle size of 2.9 �m MMAD. This was
achieved by adding a nonvolatile aerodynamic modulator
to the HFA-BDP solution to increase the particle size.6

The addition of the spacer to the drug with the larger
particle size as produced by the Clenil inhaler would be
more beneficial in enhancing proper evaporation thus may
confer further particle-size reduction before inhalation.

However, small volume spacers have increased the like-
lihood of spacer wall impaction due to greater plume ve-
locity. This is may be more critical regarding the Clenil
pMDI with its larger particle size, where the smaller size
of the spacer may not be sufficient to allow complete
evaporation of the aerosol propellant before reaching the
lung. Furthermore, with the smaller spacer, any delay in
breath-actuation coordination can lead to more loss to drug-
spacer wall impaction. Thus the use of this spacer may
actually make the breath-actuation coordination more crit-
ical to patient lung delivery.

In contrast, the Qvar Easi-Breathe is a breath-actuated
device that has been devised with a flow-triggered system
driven by a spring that automatically releases the dose
with the patient’s inhalation.27,28 It was designed to over-
come the problem of coordination between actuation and
breathing. Actuation of the aerosol occurs at low inhala-
tion flows of approximately 20 L/min. This low inspira-
tory flow is attainable by most patients, even those with
obstructive air-flow diseases. Furthermore, the drug deliv-
ered by the Qvar Easi-Breathe is relatively stable regard-
less of increasing inspiratory effort.29,30

It was previously reported that good hand–breath coor-
dination was only achievable with large volume spacers
and not small volume spacers.31,32 Thus, using a small
spacer with the Qvar Easi-breathe, where such coordina-
tion is no longer a requirement, would be more convenient
and appropriate. This device can easily maintain the extra-
fine properties of these formulations, with little effect on
lung deposition while avoiding the inconvenience of large
volume spacers.

The above results mean that patients with asthma could
achieve similar BDP lung deposition with the Qvar Easi-
Breathe alone or via the unrinsed spacer, but with a spacer
attachment they will receive the benefit of reduced total
systemic ICS delivery. This is in accordance with several
previous studies reporting that using high-dose ICS in con-
junction with a spacer will reduce the systemic side effects
of the medication without affecting the beneficial effect of
controlling asthma symptoms.33-35

Similarly, other studies reported that using HFA formu-
lations with small tube spacers (50 mL) markedly reduced
oropharyngeal deposition without affecting lung deposi-
tion35 or with increased lung deposition.36,37

BECLOMETASONE RELATIVE BIOAVAILABILITY WITH A SPACER

RESPIRATORY CARE • OCTOBER 2019 VOL 64 NO 10 1227



Our findings suggest that, with an extra-fine aerosol
formulation such as Qvar, there is no need to use a large
volume spacer because using a small volume spacer main-
tains the extra-fine properties of the aerosol without the
need to use an inconvenient large volume spacer. This
implies that the optimal spacer length effect is limited to a
particular pMDI and cannot be predicted with others in-
halers. Therefore, each pMDI formulation/spacer, even if
it contains the same drug, needs to be fully evaluated to
guide the optimal device selection.

The results of this study coincide with the British Tho-
racic Society recommendations for asthma management,
which state that using spacers for delivering high doses of
inhaled beclometasone is desirable because it significantly
reduces the unwanted systemic effect of ICS without com-
promising its efficacy.1

Currently, clinical guidelines for the management of
asthma encourage the use of spacers with asthma aerosols,
especially ICS.1 The incorporation of spacers in the man-
agement of asthma can improve patients’ outcomes, be-
cause spacers are easy to use, they reduce ICS systemic
and local side effects, and they require less treatment time
and cost. However, an inherent problem with plastic spac-
ers is their dose inconsistencies, which might arise from
the tendency of the plastic material to variably accumulate
electrostatic charge on surfaces during handling. In addi-
tion, the new HFA-containing formulations are more prone
to develop electrostatic charges compared to aerosols con-
taining CFCs.38-40 The mutual repulsion between such
highly charged aerosol particles with the inherent plastic
spacer electrostatic charge causes significant drug deposi-
tion on the spacers’ walls. Consequently, inhaled drugs
will be remarkably retained within these devices, causing
a significant reduction of the respirable drug dose. How-
ever, the problem of accumulation of electrostatic charges
on spacer walls can be minimized by a few methods, such
as washing the spacer with detergent solution without a
final water rinse,13 using metal spacers,41 and actuating a
few puffs into the spacer before use.42,43

Although metal spacers do not require washing with
detergent and may resolve the problem of accumulation of
electrostatic charges, plastic spacers are still the devices of
choice because they cost less. In addition, it has been
argued that the non-transparency of such metal spacers
and the inability to see the aerosol plume created might
affect patient adherence to treatment.44 In addition, prim-
ing of plastic spacers with multiple actuations may mini-
mize the accumulation of electrostatic charges, but only in
formulations that contain surfactant.12,13,45 Therefore, de-
tergent-coated spacers represent a simple, practical, and
inexpensive method for effective electrostatic charge re-
duction.

Although some manufacturers and regulatory agencies
have advocated subsequent rinsing of detergent-coated

spacers with water to avoid contact dermatitis from the
detergent, this rinsing unfortunately washes the detergent
from the spacer walls and results in less protection against
the development of electrostatic charges. As shown in our
results, washing the spacer with detergent without a final
rinse yielded higher values for TED, FPD, and 30 min
urinary drug excretion as well as less spacer deposition
than the rinsed spacer. Thus our results support the supe-
riority of the antistatic properties of the detergent-coated
spacer protocol in improving drug deposition into the lung
in comparison to water-rinsed ones. This is due to the
greater effectiveness of this method to significantly re-
move surface electrostatic charges and hence improve drug
output from the spacer.

Previous studies conducted with salbutamol showed a
small increase in the output of the drug from both small
and large volume spacers after washing the spacer with
soapy water without subsequent rinsing with water.12,46,47

Previous reports indicated that the type12 and the concen-
tration13 of detergent used to wash spacers have little in-
fluence on the protocol’s effectiveness in reducing elec-
trostatic charges on spacer walls. The exact mechanism of
action is not clear yet, but it is assumed that the hydro-
philic part of the surface active agent facilitates the con-
duction of surface charges away from spacer walls.

In patients with poor inhalation technique who use small
volume spacers, such as what we used in this study, there
is an increased risk of frictional contact during inhalation.
In this scenario, minimizing electrostatic charge on the
spacer walls is of great importance. Studies of the delivery
of salbutamol into the lung through aerosols clearly indi-
cated that salbutamol delivery was negatively affected by
delayed inhalation and positively affected by washing the
spacer with detergent.13,44 This further illustrates the elec-
trostatic charge potential as a crucial player in determining
aerosol drug delivery from a pMDI/spacer combination.
However, it is still unknown whether these handling dif-
ferences have any clinical importance.

As shown in Table 3, the overall mean ratio of the
30-min and 24-h urinary BDP excretion values for the
Qvar Easi-Breathe versus the Clenil pMDI were 242.5%
(90% CI 212.5–276.8) and 196% (90% CI 171.8–223.7),
respectively. This is consistent with our previous urinary
pharmacokinetic study of BDP,15 where we reported that
the overall mean ratios (90% CI) between the Qvar Easi-
Breathe and the Clenil pMDI, with respect to the nominal
dose for the 30-min and 24-h urinary excretion were 231.4%
(90% CI 209.6–255.7) and 204.6 (90% CI 189.6–220.6),
respectively. This important finding is in agreement with
previous studies that also reported an approximate 2–2.5-
fold greater potency of Qvar HFA-BDP compared to the
same dose of other CFC-BDP MDIs.14,18-20 Observations
from this study further indicate good in vitro/in vivo cor-
relations in agreement with previous suggestions.48-52 These
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results indicate that the in vitro FPD and the TED param-
eters are the most decisive in predicting the in vivo urinary
drug excretion at 30 min and the 24 h, respectively.

Although our method cannot differentiate between drug
distributions into different parts of the lungs, the total
deposition is more closely correlated to clinical outcomes
than regional deposition.53 Indeed, the future of better re-
spiratory disease control will be more focused on improv-
ing drug delivery methods to the lung rather than targeting
the introduction of new inhaled therapies. Despite the sim-
ilar appearance of pMDI designs, many variations in par-
ticle size, spacer size, and washing methods have the po-
tential to influence drug delivery. It is clear that optimizing
inhalation therapy use not only would improve patient’s
therapeutic outcomes but also would lead to more cost-
effective health care. As previously published and further
supported by this study, the finer details of adequate han-
dling of spacers can maximize drug delivery, improve
asthma therapeutic responses, and reduce treatment costs.

Therefore, determining the exact handling of various
inhalers and spacers should significantly improve asthma
management. It is inappropriate to combine any formula-
tion with any spacer device just because it fits the mouth-
piece adapter without first considering the aerosol charac-
teristics. Each asthma pMDI formulation/spacer
combination is unique and needs to be fully evaluated,
even if it contains the same drug, to guide optimal device
selection. Further, considering the low therapeutic index
and the high cost of ICS, it is safer and more cost-effective
to optimize drug delivery to the respiratory tract.

Limitations

This study provides valuable insights on different fac-
tors that affect pulmonary drug deposition when using
inhaler devices, such as drug formulation, particle size,
spacer size, and the method of handling spacers. In this
small study, however, we only included 12 healthy sub-
jects; further studies are needed. Research with healthy
volunteers is designed to develop new knowledge; to as-
sure direct benefit to patients, this study should be re-
peated in subjects with asthma.

Conclusion

The in vivo and in vitro results of this study indicate that
substantial differences in inhalation devices, such as drug
particle size, impact of spacer use, and electrostatic charge
presence, greatly influence drug deposition in various re-
gions of the respiratory tract even when using different
formulations of the same drug with the same spacer.

Indeed, even with formulations rich in extra-fine parti-
cles such as that with the Qvar Easi-Breathe, the use of the
more convenient small volume spacer was still beneficial

in decreasing total systemic ICS delivery without affecting
lung deposition. The Clenil pMDI, however, with its larger
particle size, had lower total lung deposition with the small
volume of the spacer. There is no general rule for which
spacer best fits a given inhaler, and each pMDI/spacer
combination needs to be fully evaluated for ideal device
selection, even if it contains the same drug.
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