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BACKGROUND: The use of accessory devices with pressurized metered-dose inhalers (pMDIs)
enhances aerosol delivery and helps overcome any lack of patient coordination when using the
pMDI. The use of accessory devices could be influenced by the efficacy, availability, and cost of
these devices. The aim of this study was to compare drug delivery with the pMDI alone and with
non-antistatic and antistatic accessory devices. METHODS: The total emitted dose and aerody-
namic characterization of salbutamol particles were measured for the pMDI alone and for the
pMDI combined with 4 different accessory devices: a homemade spacer, the Dolphin spacer, the
DispozABLE paper spacer, and the AeroChamber Plus valved holding chamber. Aerodynamic
characterization was analyzed with an Andersen cascade impactor at an inhalation flow of
28.3 L/min, and drug deposition was measured with high-performance liquid chromatography.
RESULTS: The mean � SD total emitted dose from the pMDI alone, 155.2 � 20.5 �g, was the
greatest of all modalities, and the difference was significant (P < .001). The homemade and Dolphin
spacers had the highest mean � SD deposited amounts of salbutamol remaining on their walls
(ie, 124.1 � 11.1 �g and 131.5 � 11.8 �g, respectively). The mean � SD total emitted doses with
the AeroChamber Plus valved holding chamber (61.9 � 8.9 �g) and the DispozABLE paper spacer
(76.4 � 8.6 �g) were significantly higher than the emitted doses with the other devices. The
mean � SD fine-particle doses emitted with the AeroChamber plus valved holding chamber
(51.4 � 4.7 �g) and the DispozABLE paper spacer (39.7 � 5.6 �g) were significantly higher than
those with the other devices. The AeroChamber Plus valved holding chamber had the lowest mass
median aerodynamic diameter (MMAD) values, but there were no statistically significant differ-
ences in MMAD between any of the combinations of pMDI and accessory device. CONCLUSIONS:
The valved holding chamber and the paper spacer had better aerodynamic characteristics than the
other devices tested. We consider the antistatic devices to be the optimum devices for aerosol
delivery due to their high efficacy compared to non-antistatic devices. Key words: spacer; pMDI;
salbutamol; asthma; total emitted dose. [Respir Care 2020;65(3):320–325. © 2020 Daedalus Enterprises]

Introduction

Inhaled medications are the most commonly used ther-
apies for the management of asthma and chronic obstruc-
tive lung diseases because they are safer than systemically
delivered therapies.1 Pressurized metered-dose inhalers
(pMDIs) are widely used to deliver aerosols to patients

with obstructive lung diseases; however, only small
amounts of drug reach the patient’s lungs.2,3 Patients need
to be taught to synchronize their breathing with the actu-
ation of the pMDI to enhance drug deposition in the lung.4,5

Inspiratory flows of � 30 L/min and an insufficient breath-
hold after inspiration also contribute to low drug delivery
via pMDIs.4
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It is difficult to teach patients to use a pMDI properly in
an emergency situation where they need the drug to be
administered very rapidly. Teaching children and elderly
patients is similarly challenging.5,6 In these cases, placing
an accessory device (ie, a reservoir) between the pMDI
and the patient allows more time for drug inhalation.2,7

Accessory devices enhance aerosol delivery to the patient
because large particles emitted by the pMDI settle inside
the accessory device rather than being deposited in the
mouth and throat. This increases the dose of fine parti-
cles.7,8

The construction of the accessory device affects the
emitted dose of inhaled medications and influences its
cost, which is important when considering the pharmaco-
economic aspects of these devices. In addition, the mate-
rial from which an accessory device is made is an impor-
tant factor affecting aerosol delivery.9 Most traditional
accessory devices on the market are made from lightweight
plastic for greater durability and enhanced device porta-
bility.10,11 Polypropylene and polycarbonate are the most
commonly used materials for making plastic spacers or
valved holding chambers; however, their non-conducting
nature encourages electrostatic charges within the de-
vice.12-14 Because drugs released from pMDIs also are
electrically charged, electrostatic reactions inevitably oc-
cur between the charged walls of the accessory device and
the emitted drug. Mutual repulsion between the charged
entities pushes the drug particles toward the wall of the
accessory device,11-14 thus decreasing the emitted dose.15-17

According to the Global Initiative for Asthma guidelines,18

there are 2 efficient methods for neutralizing charges on
the walls of accessory devices. The first involves washing
the plastic accessory device in soapy water and letting it
dry in the air; the residual soap acts as a surfactant. The
second method involves priming the device with puffs of
the drug before inspiration. These methods are effective,
but they result in wasted drug or delays, and neither is
suitable in emergency cases.18 Some disposable accessory
devices are made of paper, which is antistatic and inex-
pensive.3 The aim of this study was to evaluate the effi-
cacy of a range of accessory devices in delivering aero-
solized drugs from a pMDI.

Methods

Total Emitted Dose

A pMDI containing Ventolin (GlaxoSmithKline, Cairo,
Egypt) delivering a nominal dose of 100 �g salbutamol
per puff) was used in this study. Determinations were
made for the pMDI alone and for the pMDI when attached
to different accessory devices. The accessory devices were
the DispozABLE paper spacer (Clement Clarke Interna-
tional, Harlow, United Kingdom), the Dolphin Chamber

(TMS Medikal Plastik Sanayi ve Dış Ticaret, Istanbul,
Turkey), the AeroChamber Plus valved holding chamber
(Trudell Medical International Europe, Hampshire, United
Kingdom), and a spacer made from an empty 500-mL
plastic bottle (Fig. 1). The Dolphin Chamber and the hand-
made spacer were characterized as non-antistatic, whereas
the AeroChamber Plus valved chamber and the Dispoz-
ABLE spacer were characterized as antistatic accessory
devices.

To measure the total emitted dose, we used a pMDI
sampling apparatus (Copley Scientific, Nottingham, United
Kingdom), a critical flow controller (Copley Scientific),
and a 25-mm A/E fiberglass filter (Pall Corporation, New
York) in which to collect the drug. A vacuum pump (Brook
Crompton, Huddersfield, United Kingdom) was attached
to the apparatus to simulate the inhalation air flow. The
flow was 28.3 L/min over duration of 8.5 s, providing an
inhalation volume equal to 4 L. Before dosing, the mouth-
piece of the pMDI/accessory device combination was in-
serted tightly into the sampling unit mouthpiece adapter,
and the pMDI was shaken and primed by releasing 2 doses
of the drug.19 During evaluations, the dose released from
the pMDI or the pMDI/accessory device combination
was measured by collecting 2 puffs (ie, 200 �g salbu-
tamol) emitted at 28.3 L/min. This was repeated 10 times
for each pMDI/accessory device combination. When the
pMDI was evaluated alone, the release of the puffs was
coordinated with switching on the pump; when the ac-
cessory devices were tested, the dose was released into
the accessory device chamber and the pump was switched
on within 1 s.

The salbutamol dose was trapped on filters inside the
sampling apparatus. The emitted dose was recovered by

QUICK LOOK

Current knowledge

Using an accessory device as a drug reservoir enhances
aerosol delivery to patients with respiratory disease by
increasing the fine-particle dose delivered to the patient
and decreasing deposition of drug in the mouth and
throat. The type, size, and construction of an accessory
device can affect the emitted dose of inhaled medica-
tions.

What this paper contributes to our knowledge

The antistatic devices delivered a significantly greater
fine-particle dose and total emitted dose; the non-anti-
static devices tested were less effective than the anti-
static devices tested. The antistatic accessory devices
were the optimum choice for aerosol delivery due to
emission of high fine particle doses.
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sonicating and then rinsing the filter with 90% acetoni-
trile.20,21 Salbutamol was quantified with high-performance
liquid chromatography with ultraviolet detection. Samples
of the acetonitrile washings (100 �L) were eluted on a
25 mm by 4.6 mm ZORBAX Eclipse Plus C18, ODS1
column (Agilent, Santa Clara, California) using a 90:10
(v/v) acetonitrile and water mobile phase that also contained
0.1% phosphoric acid pumped at a flow of 1 mL/min (1260
Infinity preparative pump, G1361A, Agilent). The detector
(1260 Infinity Diode array detector VL, G131SD, Agilent)
was set at 225 nm and was calibrated with solutions ranging
from 4 to 100 �g/mL (weight/volume). The limit of detection
was 0.3 �g/mL, and the lower limit of quantification was
2.5 �g./mL.20,21

Characterization of Aerodynamic Particle Size

An Andersen MKII cascade impactor was used to de-
termine the aerodynamic particle size of salbutamol after
release from the pMDI for each of the 10 determinations
with the pMDI and the pMDI/accessory device combina-
tions.20,21 CITDAS software (Copley Scientific, Notting-
ham, UK) was used to determine the fine-particle dose
(FPD), fine-particle fraction (FPF), and the mass median
aerodynamic diameter (MMAD).

Statistical Analysis

The total emitted dose and aerodynamic particle size
characterization for the different combinations and pMDI
alone were compared in 2-way analysis of variance tests
using SPSS 23 (SPSS, Chicago, Illinois).

Results

The emitted doses, quantities remaining in accessory
devices, and aerodynamic particle size measurements are
shown in Table 1.

Outcomes With Metered Doses

The mean total emitted dose from the pMDI alone
(155.2/200.0 �g; 77.6%) was significantly higher than any
pMDI and accessory device combination (P � .001). The
pMDI plus Dolphin Chamber and the pMDI with a home-
made spacer had the lowest emitted dose fractions (49.3 �g
or 24.7%, and 52.9 �g or 26.5%, respectively), with large
amounts of salbutamol remaining in these spacers (P � .05)
compared to the pMDI alone or the other pMDI/accessory
device combinations (Table 1). With the pMDI alone, a
mean of 49.9% of the salbutamol dose was deposited in
the induction port of the cascade impactor, which is the
equivalent of the patient’s throat. The proportion of the
dose deposited in the induction port of the cascade impac-
tor with the pMDI/accessory device combinations were
significantly lower than with the pMDI alone (P � .001).
The DispozABLE paper spacer and the AeroChamber Plus
valved holding chamber had lower proportions of dose
deposited in the induction port (P � .05) compared to the
pMDI plus Dolphin Chamber and the pMDI with a home-
made spacer (Table 1).

Particle Size Distribution

The AeroChamber Plus valved holding chamber had
the lowest MMAD values, but there were no statistically

A B

C D

Fig. 1. Accessory devices used in this study. A: DispozABLE paper spacer; B: AeroChamber Plus valved holding chamber; C: Dolphin
Chamber spacer; and D: homemade spacer.
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significant differences in MMAD between any of the
pMDI/accessory device combinations. There were no statis-
tically significant differences in the FPD values or in the
proportions of particles � 3 �g or � 5 �g between the
DispozABLE paper spacer and the AeroChamber Plus valved
holding chamber; however, values for these devices were
statistically significantly higher than those for the pMDI alone
and for the Dolphin Chamber and the homemade spacer
(P � .001). There were no statistically significant differences
in FPD values or in the proportions of particles � 3 �g or
� 5 �g between the Dolphin Chamber and the homemade
spacer compared to the pMDI device alone.

Discussion

The total amount of salbutamol delivered by the pMDI
and its FPD were significantly affected by the type of the
accessory device used (P � .001). The greater delivered
dose from the pMDI alone is expected due to the absence
of the accessory device, which decreases the number of
large particles reaching the dose sampling unit.2 The quan-
tities of salbutamol deposited on the walls of the Aero-
Chamber Plus valved holding chamber were significantly
lower than with other pMDI/accessory device combina-
tions due to its antistatic lining (P � .05). Conversely,
amounts deposited in the non-antistatic homemade spacer
and the Dolphin Chamber were the highest, reflecting the
significant effect of static charge in drug deposition.22 Quan-
tities of salbutamol deposited on the walls of the Dispoz-
ABLE paper spacer were lower than those deposited on
the walls of homemade and Dolphin spacers due to the
absence of static charges (P � .05).

The total dose delivered by the pMDI was affected by
the quantity of salbutamol deposited on the walls of the
accessory devices. The highest doses were delivered with
the DispozABLE paper spacer, followed by AeroChamber
Plus valved holding chamber. The doses delivered from
the non-antistatic spacers (ie, the homemade spacer and

the Dolphin Chamber) were significantly lower than those
from the antistatic accessory devices (P � .05). This sup-
ports the recommendation to use antistatic accessory de-
vices for better delivery.23 Several previous studies have
reported similar results, namely that the accessory device
significantly increased the relative lung bioavailability
compared to the pMDI alone (P � .01).10,22,24,25 This may
be because inhalation from an accessory device decreases
the velocity of the aerosol particles and allows some evap-
oration of the propellant, thereby decreasing the particle
size and the quantity of salbutamol deposited in the pa-
tient’s mouth and throat (represented by the induction port
of the Andersen MKII cascade impactor in this study).22

When using the pMDI without an accessory device, the
majority of the emitted dose was deposited in the induc-
tion port, but when using the accessory devices, the ma-
jority of the emitted dose was deposited in the accessory
device. Thus, the use of an accessory device decreases the
amount deposited in the mouth and subsequently ingested
by the patient, potentially leading to a reduction in side
effects.26

The use of an accessory device with a pMDI is neces-
sary to ensure the delivery of an adequate dose of drug to
the lungs with minimal mouth and throat deposition; how-
ever, several factors affect the choice of accessory device,
including efficacy, availability, and cost. In this study,
aerodynamic characterization of the particles emitted from
each accessory device was used to determine its efficacy.
The results indicate that the antistatic accessory devices
(ie, the AeroChamber Plus valved holding chamber and
the DispozABLE paper spacer) were more effective than
the non-antistatic accessory devices (ie, the Dolphin Cham-
ber and the homemade spacer) based on lower MMAD
and significantly higher FPD values (P � .05). An impor-
tant use for accessory devices could be to deliver inhaled
medications efficiently in an emergency situation, such as
an exacerbation of pulmonary obstructive disease. Because
an emergency could occur anywhere and at any time, pre-

Table 1. Outcome and Aerodynamic Characteristics of Salbutamol Dose Delivered via Pressurized Metered-Dose Inhaler

pMDI Alone DispozABLE Spacer Homemade Spacer Dolphin Spacer AeroChamber Plus*

Emitted dose, �g 155.2 � 20.5 76.4 � 8.6 52.9 � 9.9 49.3 � 9 61.9 � 8.9
Dose deposited in spacer, �g NA 111 � 6.2 124.1 � 11.1 131.5 � 11.8 110.2 � 17.7
Dose deposited in induction port, �g† 99.7 � 6 6.4 � 2 7.4 � 2.3 11.2 � 2.5 6.8 � 1.6
Fine particle dose � 5 �g 24.4 � 5.1 39.7 � 5.6 24.8 � 3.7 22.6 � 4.5 51.4 � 4.7
Fine particle dose � 3 �g 10 � 2.4 12.8 � 2.2 7.5 � 1.6 7.5 � 1.2 18.7 � 2
MMAD, �m 4.4 � 0.3 4.6 � 0.2 4.6 � 0.3 4.8 � 0.3 3.78 � 0.1

Data are presented as mean � SD. The maximum nominal salbutamol dose � 200 �g; 10 doses were performed with each device.
* The AeroChamber Plus is a valved holding chamber.
† The dose deposited in the induction port of the cascade impactor is equivalent to the dose deposited in the mouth and throat of a patient.
pMDI � pressurized metered-dose inhaler
NA � not applicable
MMAD � mass median aerodynamic diameter
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installation of accessory devices for this condition could
be difficult. Disposable spacers could address this problem
if their use were shown to be feasible. However, the home-
made spacer did not significantly increase the FPD com-
pared to the use pMDI alone; it primarily made the coor-
dination between actuation and inhalation easier, which
could be the only reason for using such an accessory de-
vice. The durability of the paper and plastic spacers were
tested by using them repeatedly to measure the emitted
dose. Our result indicate that the paper spacer can be used
on multiple occasions; however, unlike the other accessory
devices, it cannot be washed, which limits its duration of
use.27

Limitations of the Study

The in vitro model used in this study was effective for
comparing the pMDI and the 4 accessory devices tested,
but it clearly could not replicate the clinical response to
salbutamol doses. Additional studies incorporating an
in vivo element would provide additional guidance to cli-
nicians in evaluating patients’ ability to optimize aerosol
delivery. Another limitation of the study was that we did
not study all spacers and valved holding chambers that are
commercially available; different shapes and materials from
which the accessory devices are made may lead to differ-
ent outcomes.

Conclusions

This study suggests that, based on their antistatic nature
and their ability to deliver a high FPD and total emitted
dose, the DispozABLE paper spacer and the AeroChamber
Plus valved holding chamber are the better choices for
aerosol delivery among the tested devices. The non-anti-
static accessory devices were less effective than the other
devices tested here, but they could help with the challenge
of coordination.
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