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ABSTRACT

A combination of budesonide and formoterol in a single pressurized metered-dose inhaler (pMDI) is available in the United
States and elsewhere. This study was designed to evaluate the delivered dose and fine particle dose (FPD; mass of particles
�4.7-micrometer diameter) using the pMDI with two valved holding chambers (VHCs), using sampling methods reflecting
different patient techniques. FPD was measured using an Andersen Cascade Impactor and delivered dose was measured using
a disposable filter. Two VHCs, AeroChamber Plus and AeroChamber MAX (Trudell Medical International, London, Ontario,
Canada), were evaluated using three sampling methods: (1) immediate collection; (2) collection after up to a 5-second delay; (3)
using simulated adult, child, and infant tidal breathing patterns (delivered dose). Decreases in delivered dose were observed
using a VHC compared with the pMDI alone. FPD with both VHCs was similar to that with the pMDI alone with minimal
delay between actuation and collection. With delays, the antistatic AeroChamber MAX was more resistant than AeroChamber
Plus to dose losses. Delivered doses from adult and child profiles were comparable with those after a 1-second delay. The
infant profile produced lower delivered doses, probably because more breath cycles are required to empty the VHC.
Budesonide/formoterol pMDI can be used effectively with AeroChamber Plus and the antistatic AeroChamber MAX. With
minimal delay between actuation and collection, FPD with both VHCs was similar to that with the pMDI alone, giving
physicians a choice of administration regimen and taking into account the needs and skills of the patient.

(Allergy Asthma Proc 30:424–432, 2009; doi: 10.2500/aap.2009.30.3252)
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Inhaled corticosteroids (ICSs) are considered the
most effective anti-inflammatory therapy for

asthma and remain the backbone of long-term mainte-
nance regimens.1 In patients with persistent asthma
that is not adequately controlled with low- to medium-
dose ICS alone, the addition of a long-acting �2-adren-
ergic agonist (LABA) is recommended as a preferred
therapy.1 Formoterol is an effective and well-tolerated
LABA with a rapid onset of action and duration of
action of at least 12 hours.2 A combination of the ICS
budesonide and the LABA formoterol (as formoterol
fumarate dihydrate) has been available in Europe in a
dry powder inhaler (Symbicort Turbuhaler; AstraZen-
eca, Lund, Sweden) since 2000. Symbicort was

launched in the United States in June 2007 in a pres-
surized metered-dose inhaler (pMDI) and is also avail-
able in this formulation in other countries. It has been
shown to be effective and well tolerated in large, ran-
domized clinical trials.3,4

Valved holding chambers (VHCs), often called spac-
ers, are add-on devices that are commonly used with
pMDIs to aid delivery of a drug to the lungs. The size
of the aerosolized drug particles is important for effec-
tive drug delivery. Particles �5 �m in diameter deposit
most frequently in the lower airways and represent the
fine particle dose (FPD; sometimes referred to as the
respirable dose).5 Particles of 5–10 �m in diameter are
most likely to deposit in the upper airways, whereas
large particles �10 �m in diameter are most likely to
deposit in the mouth and oropharynx.5

The primary use of VHCs is in patients who have
difficulty with inhaler technique, particularly the coor-
dination of pMDI actuation with inhalation. However,
patients may also have coordination problems with
VHCs and inhalation can be more complex for some.6,7

This is a crucial issue, because the dose of drug deliv-
ered to the lungs may be reduced if the VHC is not
used properly.6,7
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One aspect of patient VHC technique influencing
delivered dose is the delay between actuation and
inhalation. Many VHCs acquire electrostatic charge
during production, storage, and use.8 As the delay
between actuation and inhalation increases, this charge
significantly impacts the amount of fine particles re-
tained in the VHC because of the continuous, rapid
disappearance of the aerosol caused by electrostatic
sedimentation.9 The half-life of the drug aerosol within
the VHC may be as short as 9–10 seconds for different
VHC/pMDI combinations.10,11 However, the problem
can be considerably reduced if the electrostatic charge
of the VHC is eliminated,12 which can be achieved by
washing the VHC in detergent and allowing it to drip-
dry. Several clinical studies have shown an improved
performance of detergent-treated VHCs compared
with untreated controls.13–15

A number of different designs of VHCs are available
and it cannot be assumed that a particular VHC is
compatible with a particular pMDI. Different formula-
tions and actuator designs may have an impact on
plume formation of the aerosol cloud and potentially
on electrostatic properties. In the United Kingdom,
practitioners are advised to use the VHC specifically
recommended by the pMDI manufacturer for their
inhaler.16 The Canadian Standards Association17 and
the European regulatory body18 also recommend that
the effect on deposition characteristics of patient tech-
nique in terms of delay between actuation and inhala-
tion be determined.

The purpose of this study was to determine the
delivered dose, the FPD, and the mass median aerody-
namic diameter (MMAD) of the active moieties deliv-
ered from the budesonide/formoterol pMDI when
used with two VHCs possessing different antistatic
properties and using sampling methods that reflect
different patient techniques and breathing patterns.

METHODS

Drugs and Devices
Budesonide/formoterol pMDI is a press-and-breathe

multiple-dose inhaler. The micronized active moieties are
formulated as a suspension in a hydrofluoroalkane
(HFA) propellant (HFA-227) with povidone and polyeth-
ylene glycol, which act as a suspension stabilizer and
valve lubricant, respectively.19 Two actuations of the
inhaler provide the nominal active dose. Two presenta-
tions (budesonide/formoterol, 40/4.5 �g/actuation and
160/4.5 �g/actuation) were evaluated using the mar-
keted device that delivers 120 actuations. The 160/4.5-
�g/actuation presentation is currently approved for
use in the United States,19 and the 40/4.5-�g/actuation
pediatric presentation was the subject of a supplemental
New Drug Application in the United States in June 2008.

The pMDIs were compared using two small-volume
VHCs, AeroChamber Plus and AeroChamber MAX
(Trudell Medical International, London, ON, Canada;
Fig. 1), which have been designed for use with HFA
pMDIs. AeroChamber Plus is commonly prescribed
worldwide, and AeroChamber MAX, currently available
in North America, is a newer design manufactured from
a new antistatic polymer that is designed to minimize
electrostatically induced aerosol deposition onto the
walls of the VHC. The AeroChamber Plus and the Aero-
Chamber MAX have an internal volume of �150 mL and
200 mL, respectively.20,21 In accordance with the manu-
facturer’s instructions, both VHC models were washed
with a mild detergent solution before use; the Aero-
Chamber Plus was then allowed to dry without rinsing,
and the AeroChamber MAX was subsequently rinsed
with clean water before being allowed to dry before use.22

Measurement of Delivered Dose and FPD

Delivered Dose. Delivered dose was evaluated with
and without a VHC using a Vital Signs 303 disposable

Figure 1. AeroChamber Plus and AeroChamber MAX valved holding chambers. (Photographs supplied courtesy of Trudell Medical
International, London, ON, Canada.)
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filter (Vital Signs U.K., Ltd., Littlehampton, West Sus-
sex, U.K.). Budesonide and formoterol were recovered
from the disposable filter in an ethanol/water mix
(28:72 v/v) and quantified using a suitable high-per-
formance liquid chromatograph fitted with an ultravi-
olet (UV) detector with wavelength switching capabil-
ity (e.g., HP1100 with UV variable wavelength or Diode
array detector; Agilent Technologies U.K., Ltd., Stock-
port, Cheshire, U.K.). Chromatographic conditions are
shown in Table 1. The detection limits for this method
are 11.2 ng/mL and 0.5 ng/mL for budesonide and
formoterol, respectively.

Fine Particle Dose. An Andersen Cascade Impactor
(ACI) (Westech Instruments, Upper Stondon, Bed-
fordshire, U.K.) was used to evaluate FPD and aver-
age MMAD with and without a VHC (Fig. 2). The
impactor consisted of a USP 23 induction port with
impactor stages 0 through 5, corresponding to aero-
dynamic cut-off points of 9.0, 5.8, 4.7, 3.3, 2.1, and 1.1
�m (stages 6 [0.65 �m] and 7 [0.43 �m] of the stan-
dard ACI stack were removed) and a filter stage for
collection of submicron particles. The amount of
budesonide and formoterol deposited on each sec-
tion of the ACI was recovered and quantified by
high-performance liquid chromatograph using the
parameters described for FPD in Table 1. The detec-
tion limits for this method are 1.0 ng/mL for budes-
onide and 0.24 ng/mL for formoterol. The amount of
active drug recovered from each ACI stage was
summed to determine the total dose in the impactor.
FPD is represented by the sum of active drug recov-
ered from stages 3 through the filter.

Sampling Methods
Different sampling methods were evaluated to fully

reflect potential patient techniques: (1) comparison of
delivered dose and FPD when the pMDI is used with
or without the VHC, (2) effect on delivered dose and
FPD of introducing a delay time between actuation of
the pMDI and inhalation through the VHC, and (3)
effect on delivered dose when air is drawn through the
VHC using simulated tidal breathing patterns repre-
sentative of different patient groups.

Table 1 Chromatographic conditions for quantification of delivered dose and fine particle dose

Delivered Dose FPD

Mobile phase 2.3 mM of aqueous phosphate
buffer:acetonitrile (71:29 v/v)

20 mM of aqueous phosphate buffer
pH 6:acetonitrile (65:35 v/v)

Column Supelcosil LC-Si HPLC
column, 5 cm � 4.6 mm, 5-
�m particle size, linked to a
Supelcosil LC-18DB HPLC
column, 3.3 cm � 4.6 mm,
3-�m particle size

Fluophase PFP or Discovery F5
HPLC column, 150 � 3.0 mm,
5-�m particle size

Column oven temperature 22°C 30°C
Injection volume 250 �L 250 �L
Flow rate 1.5 mL/min 0.8 mL/min
Run time 10 min 9 min
Wavelength 0–5 min � 214 nm

(formoterol detection)
0–5 min � 214 nm

(formoterol detection)
5–10 min � 248 nm

(budesonide detection)
5–9 min � 248 nm

(budesonide detection)

FPD � fine particle dose; HPLC � high-performance liquid chromatograph; PFP � perfluorinated phenyl (Thermo Electron
Corp., Billerica, MA); Discovery F5 (Supelco Inc., Bellefonte, PA).

Figure 2. Test apparatus to determine fine particle dose and mass
median aerodynamic diameters with the pressurized metered-dose
inhaler alone and with valved holding chambers. The test apparatus
consists of a pressurized metered-dose inhaler and valved holding
chamber attached to an Andersen Cascade Impactor. The Andersen
Cascade Impactor is attached to a timing device that controls the
delay between actuation and collection of the dose. The apparatus
may be used with and without a valved holding chamber.
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The delay times and breathing simulator parameters
were based on the Canadian Standards Association
guideline.17 Standard test conditions used a delay of
0.01 seconds (referred to for simplicity as no delay),
and delay times of 1, 2, and 5 seconds were also eval-
uated. A Copley TPK-S (Copley Scientific, Nottingham,
U.K.) was used to regulate delay times and sampling
volumes, and a PARI compass II breath simulator
(PARI GmbH, Munich, Germany) was used to simulate
the tidal breathing patterns. The infant, child, adult 1,
and adult 2 breathing patterns were evaluated; actua-
tions timed to coincide with either the point of inhala-
tion or the exhalation were studied, in line with the
Canadian Standards Association guideline.17 The in-
fant and child patterns simulated the breathing of a
9-month-old infant and a 4-year-old child, respectively,
and the two adult patterns encompassed the range of
tidal breathing patterns observed in the adult popula-
tion. The breathing simulator and dose sampling pa-
rameters are shown in Table 2. Budesonide/formoterol
pMDI has been evaluated in patients �6 years of age,
and the child pattern is the closest profile to this age.
The infant pattern data are provided for interest only.

Only delivered dose was evaluated for the tidal
breathing simulation studies because the ACI requires
a constant flow through the impactor to separate aero-
sol droplet size ranges and was therefore not appro-
priate for use in these studies. Six canisters were sam-
pled for delivered dose evaluated without the
simulated tidal breathing patterns and five were sam-
pled for FPD evaluation. For delivered dose evaluated
with the simulated tidal breathing patterns, three can-
isters were sampled, with three repeat determinations
taken for each canister as described in the Canadian
Standards Association guideline.17 For FPD evaluation,
three doses (six actuations) were collected for each
determination, the minimum number required to allow
accurate quantitation on each impactor stage. Only one
dose (two actuations) per determination was required
to evaluate delivered dose. In all cases, each individual
actuation was collected separately as recommended by

the VHC manufacturer’s instructions and British Tho-
racic Society guidelines.16,22

In this study, FPD was calculated as particles �4.7
�m in diameter expressed as a percentage of the total
nominal dose (40 or 160 �g/actuation for budesonide
and 4.5 �g/actuation for formoterol). Values for deliv-
ered dose are also presented as the percentage of the
nominal dose.

Statistical evaluation of the impact of VHC use and
delay times on delivered dose and FPD was performed
using a one-way analysis of variance (ANOVA; SAS
JMP; SAS Institute, Inc., Cary, NC). Values of p � 0.05
were considered statistically significant. The number of
variables (i.e., spacer type, breathing pattern, drug, and
product strength) was too many to perform a mean-
ingful statistical analysis of the impact of the tidal
breathing patterns on delivered dose, and these data
were evaluated descriptively.

RESULTS
As anticipated, there was some loss of total delivered

dose with both VHCs, with statistically significant dif-
ferences (p � 0.05) observed between the pMDI alone
versus both AeroChamber Plus and AeroChamber
MAX for both actives at both product strengths (Table
3). The type of VHC did not influence delivered dose
when the dose was collected immediately. However,
when a delay was introduced, AeroChamber MAX
generally produced a higher delivered dose compared
with AeroChamber Plus, with some differences being
statistically significant for the 160/4.5-�g/actuation
presentation (Table 3).

Without a VHC, the mean FPD for the 40/4.5-�g/
actuation presentation was 53.3% and 61.1% of the
nominal dose for budesonide and formoterol, respec-
tively, and 48.6% and 57.4% for the 160/4.5-�g/actua-
tion presentation (Table 4). Values for FPD obtained
using the VHCs were slightly higher when the dose
was collected immediately, with some statistically sig-
nificant differences compared with the pMDI alone
(Table 4). The choice of AeroChamber Plus or Aero-

Table 2 Breathing simulator and dose sampling parameters

Parameter Breathing Pattern

Infant Child Adult 1 Adult 2

Tidal volume (mL) 50 155 770 500
Frequency (min�1) 30 25 12 13
I/E ratio 1:3 1:2 1:2 1:2
Minute volume (mL) 1500 3900 10,000 6000
Dose sampling 15 s (equivalent to 7.5

breath cycles)
15 s (equivalent to 6.25

breath cycles)
6 breath cycles 6 breath cycles

I/E � inspiratory/expiratory.
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Chamber MAX had very little impact on FPD of either
active or strength when the dose was collected imme-
diately, with only the budesonide component of the
160/4.5-�g/actuation presentation showing a statisti-
cally significant difference between the VHCs (p �
0.034).

Additionally, the choice of VHC had no impact on
the MMAD for either active or strength when the dose
was collected immediately. Plots showing the distribu-
tion of aerodynamic particle size through the impactor
(Fig. 3) show that, with the exception of the throat
(induction port), similar profiles were obtained with
and without VHCs. It can also be seen that the type of
VHC used did not affect particle size distribution
within the ACI.

When delays were introduced, there was a general
reduction in FPD for both VHCs. As with delivered
dose, a reduction in FPD was noticed with as little as a
1-second delay. A difference between the VHCs was
observed when delays were introduced, because Aero-
Chamber MAX generally delivered a higher FPD than
AeroChamber Plus, again with some statistically sig-
nificant differences (Table 4).

The delivered doses obtained using the simulated
tidal breathing patterns were compared with the de-
livered doses obtained using the 1-second delay regi-
men, replicating typical patient usage. Delivered doses
obtained with the two adult profiles were at least as
good as the delivered doses obtained with the 1-second
delay regimen (Fig. 4, A and B). Indeed, there was a

Table 3 Delivered dose (% nominal dose, mean � SD) with and without valved holding chambers and
delays between actuation and inhalation

Delay time (s) pMDI Alone AeroChamber Plus AeroChamber MAX

Budesonide
(n � 6)

Formoterol
(n � 6)

Budesonide
(n � 6)

Formoterol
(n � 6)

Budesonide
(n � 6)

Formoterol
(n � 6)

40/4.5 �g/actuation product strength
0 99.5 � 6.1 108.0 � 7.1 72.3 � 4.0* 77.5 � 4.2* 74.2 � 3.8* 77.1 � 3.6*
1 N/A N/A 58.2 � 3.5 63.1 � 4.1 63.3 � 5.8 65.5 � 3.0
2 N/A N/A 55.9 � 2.7 59.5 � 2.5 55.0 � 5.2 58.8 � 5.2
5 N/A N/A 49.8 � 2.2 53.9 � 2.5 51.7 � 3.8 54.2 � 4.2

160/4.5 �g/actuation product strength
0 94.5 � 3.5 96.7 � 4.3 75.1 � 3.2* 79.7 � 3.1* 75.3 � 2.0* 82.4 � 2.5*
1 N/A N/A 56.1 � 2.6 60.1 � 2.4 65.8 � 1.9# 70.5 � 2.0#
2 N/A N/A 57.4 � 3.4 63.0 � 3.4 58.4 � 2.4 63.2 � 2.3
5 N/A N/A 45.8 � 7.1 48.5 � 7.6 56.2 � 1.7# 59.2 � 1.9#

*p � 0.05, pMDI alone vs VHC; #p � 0.05, AeroChamber Plus vs AeroChamber MAX.

Table 4 Fine particle dose (% nominal dose, mean � SD) with and without valved holding chambers and
delays between actuation and inhalation

Delay time (s) pMDI Alone AeroChamber Plus AeroChamber MAX

Budesonide
(n � 5)

Formoterol
(n � 5)

Budesonide
(n � 5)

Formoterol
(n � 5)

Budesonide
(n � 5)

Formoterol
(n � 5)

40/4.5 �g/actuation product strength
0 53.3 � 2.3 61.1 � 3.2 58.4 � 3.1* 65.5 � 3.6* 56.4 � 2.7* 64.5 � 2.2
1 N/A N/A 51.3 � 4.0 56.9 � 4.9 52.1 � 2.8 60.7 � 2.9
2 N/A N/A 44.9 � 2.9 49.8 � 3.1 52.9 � 3.2# 60.8 � 4.0#
5 N/A N/A 42.7 � 3.3 48.4 � 3.5 49.1 � 1.3# 56.1 � 1.4#

160/4.5 �g/actuation product strength
0 48.6 � 3.5 57.4 � 4.3 49.6 � 3.0 59.7 � 3.0 54.3 � 3.0*# 62.9 � 1.9*
1 N/A N/A 39.1 � 3.1 46.4 � 3.5 45.5 � 1.0# 54.0 � 1.1#
2 N/A N/A 42.2 � 1.3 51.1 � 1.7 45.1 � 4.2 52.1 � 4.3
5 N/A N/A 40.8 � 1.5 48.0 � 0.7 40.2 � 2.8 47.2 � 2.8

*p � 0.05, pMDI alone vs VHC; #p � 0.05, AeroChamber Plus vs AeroChamber MAX.
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slightly higher delivered dose with the inhalation pro-
files for the 40/4.5-�g/actuation presentation, compa-
rable with the delivered dose obtained with the no-
delay regimen. Delivered doses with the child profile
were similar or slightly reduced compared with the
1-second delay regimen and the adult breathing pat-
terns, whereas the breathing simulation for the infant
patient produced considerably lower delivered doses
(Fig. 4, A and B).

DISCUSSION

It is well recognized that total dose loss with VHCs
occurs as a result of a selective reduction of the
larger particles from the aerosol. This is a positive
effect because oropharyngeal drug deposition is re-
duced without reducing the FPD.6,23 Conversely,
other factors, including the electrostatic charge of the
VHC and patient technique, can reduce the FPD.

Figure 3. Aerodynamic particle size distribution profiles (mean � SD) with and without valved holding chambers. VHC � valved holding
chamber.
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Although VHCs offer considerable benefits, poor de-
sign or inadequate handling and technique may ac-
tually lead to reduced or inconsistent delivery of
medication to the lungs.8,23 It is therefore important
to evaluate the compatibility of particular VHCs and
pMDIs under different conditions of use, paying
particular attention to the FPD.

In this study, the expected loss of delivered dose
was seen with both VHCs. However, the FPD was
similar with the pMDI alone and with both Aero-
Chamber Plus and AeroChamber MAX when there
was no delay between actuation and collection. Dif-
ferences in FPD values were �10%. Studies of fluti-
casone, beclomethasone, and salmeterol have also
reported that similar FPD values are obtained with a
pMDI alone and AeroChamber devices used without
a delay between actuation and inhalation.24,25 The
similarity in the delivered dose and FPD generated
from both VHCs suggests that differences in valve
design and chamber volume do not significantly in-
fluence delivery performance. The results indicate

that the budesonide/formoterol pMDI can be used
with a similar efficacy alone and with the two VHCs
investigated. Interestingly, the FPD observed in this
study was somewhat higher than has been reported
with other products. With no delay between actua-
tion and inhalation, mean FPD ranged from 49.6% to
58.4% of the nominal dose with budesonide and
59.7% to 65.5% of the nominal dose with formoterol.
This compares with values of �30 –50% with flutica-
sone, beclomethasone, and salmeterol HFA pMDIs
used with VHCs.24 –26

There was some reduction in both delivered dose
and FPD when delays between actuation and collection
were introduced. AeroChamber MAX was generally
more resistant than AeroChamber Plus to losses in
both delivered dose and FPD when delays were intro-
duced, probably because of the improved antistatic
properties of the former. Despite these differences, the
approved product specification for the critical FPD
parameter was met for both VHCs and product
strengths.

Figure 4. Delivered dose (% nominal dose, mean � SD) from each valved holding chamber in combination with different simulated tidal
breathing patterns. (A) Budesonide/formoterol, 40/4.5-�g/actuation presentation and (B) budesonide/formoterol 160/4.5-�g/actuation
presentation.
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Previous studies have also reported dose loss with
VHCs after delays and multiple actuations and shown
considerable variability between different devic-
es.12,27,28 The importance of these findings is recog-
nized in the Canadian Standard guidance, which rec-
ommends incorporating a 2-second delay between
actuation and collection as part of the in vitro evalua-
tion of spacers and holding chambers to account for
variations in patient technique.17 In addition, some
guidelines recommend that administration of drugs via
VHCs should occur by repeated single actuations of
the pMDI, each followed immediately by inhalation.16

The experiments described here using a breathing
simulator suggest that good performance will be
achieved with the pMDI for patients aged from 6 years
to adult using either VHC, especially when the delay
between actuation and inhalation is minimized. The
160/4.5-�g/actuation presentation produced a similar
delivered dose in the tests using the adult and child
simulated breathing patterns compared with the test
where a 1-second delay was introduced between actu-
ation and collection. The 40/4.5-�g/actuation presen-
tation performed slightly better than the 160/4.5-�g/
actuation presentation. Here, the delivered dose with
both simulated adult inhalation patterns (i.e., sampling
was timed to coincide with inhalation) was similar to
the delivered dose when there was no delay between
actuation and collection. With simulated adult exhala-
tion patterns (i.e., actuation was timed to coincide with
exhalation), delivered dose was no worse than under
conditions where a 1-second delay was introduced.
Similar results to the adult exhalation pattern were
obtained with the child breathing pattern. There was a
significant reduction in delivered dose with the simu-
lated infant breathing pattern; this is likely to be caused
by the higher number of breath cycles required to
remove the aerosolized dose (three to four for the
infant pattern compared with one to two for the adult
and child patterns). Because the infant patient group is
outside the age range evaluated for this product, these
data are presented for interest only. Given the consis-
tent FPD performance of the aerosol under conditions
where delays between actuation and inhalation are
introduced, the delivered dose is a good surrogate for
FPD. The dose delivered from both VHCs was compa-
rable for each simulated breathing pattern evaluated.

It should be noted that our tests have not included
use of a face mask with the budesonide/formoterol
pMDI and VHCs. Significant variability in delivery of
drug to children has been shown depending on the
face mask used,29 with in vitro data suggesting that
leaks between the face mask and the patient’s face play
an important role.30

The results of this study illustrate the importance of
selecting the most appropriate delivery system for the
individual patient. Physician assessment of a patient’s

ability to use the pMDI with and without a VHC is an
essential part of the choice of delivery system.31,32 Clin-
ical studies have shown that budesonide/formoterol
pMDI is well tolerated and more effective when used
in combination than either monocomponent alone.3,4

The availability of both drugs in a single inhaler re-
duces the complexity associated with delivery of dif-
ferent drugs from multiple inhalers and may aid pa-
tient compliance, thus providing another factor that the
physician must consider when selecting the most ap-
propriate drug and device for a patient.

CONCLUSION
Both AeroChamber Plus and AeroChamber MAX are

compatible with budesonide/formoterol pMDI. Use of
a VHC had very little effect on the FPD when the delay
between actuation and collection was kept to a mini-
mum in accordance with guidelines and the instruc-
tions of the VHC manufacturers. The similarity in data
generated from both VHCs under conditions of mini-
mal delay between actuation and sampling suggests
that the difference in valve designs and chamber vol-
umes do not significantly influence delivery perfor-
mance. The FPD profile of the AeroChamber MAX was
more robust than that of the AeroChamber Plus when
delays between actuation and collection were intro-
duced, probably because of the antistatic properties of
its construction material. The delivered doses obtained
when using the simulated tidal breathing patterns are
a useful indicator of FPD performance. Small differ-
ences in performance were observed between the prod-
uct strengths with the adult inhalation cycles. How-
ever, the adult profiles and, to a lesser extent, the child
profile results were comparable with the delivered
doses found when no delay or a 1-second delay be-
tween actuation and sampling were introduced. The
results from the infant patient profile (�9 months old)
produced considerably lower doses, probably because
of the increased time required by the infant profile to
empty aerosol from the VHC. Thus, budesonide/for-
moterol pMDI can be used effectively with both VHCs
and without a VHC, allowing the physician to decide
on the most appropriate administration regimen de-
pending on the needs and skills of the patient.
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