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Abstract

Background: Valved holding chambers (VHCs) are prescribed with pressurised metered-dose inhalers (pMDIs) to improve medication delivery
for the treatment of respiratory diseases because they reduce the need for the patient to co-ordinate inhaler actuation with the onset of
inhalation. Although mechanically robust and clinically effective if properly designed and pre-conditioned, there are several causes of
inconsistent medication delivery if this is not the case. These include: electrostatic charge; incorrect operation of inhalation and exhalation
valves; and the fit of the facemask – where present – to the face. In addition, behavioral factors, such as not following patient instructions
for use and maintenance, and imperfect breathing technique, amplify overall variability. Aids such as valve movement indicators that provide
patient feedback are helpful in order to minimise these factors.

Methods: This article reviews recent literature concerning the causes of inconsistent drug delivery and the improvements that have been
made by manufacturers to VHC devices, and assesses the clinical implications. The attributes of a well-designed VHC are summarised. 
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Introduction
Aerosol-based drug therapy is recognised as an effective
modality for managing obstructive respiratory conditions such
as asthma1,2 and chronic obstructive pulmonary disease
(COPD).3,4 Pressurised metered-dose inhalers (pMDIs) are
widely prescribed for the delivery of these medications

because of several factors: their small size (portability); their
low cost combined with higher efficiency when compared
with conventional pneumatic nebulisation; and their simplicity
in that no drug preparation is required so that it is difficult to
contaminate the contents.5 However, the use of the inhaler
alone can be associated with significant oropharyngeal
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deposition.6 Excellent patient co-ordination of inspiration with
inhaler actuation is required for optimum drug delivery to the
lungs,7,8 and this goal is frequently not achieved.9,10 Valved
holding chambers (VHCs) are add-on devices that interface
with the actuator/mouthpiece of the pMDI, providing
additional space for the aerosol plume to develop. They
remove the ballistic component, thereby reducing the
potential for systemic absorption, as well as retaining the
aerosol until the patient can inhale.5 More importantly, they
also promote inhaler actuation-inhalation co-ordination for
both adults7 and children,11 and are therefore recommended in
current clinical guidelines.1-4,12,13

While VHCs can improve targeting of pMDI-produced
aerosols to the lower respiratory tract and can minimise
systemic drug absorption by reducing oropharyngeal
deposition,14 improper design as well as improper use can result
in inconsistent medication delivery. In this review, these issues
are discussed, using laboratory and clinical evidence to guide
clinicians in their recommendations. The attributes of a well-
designed VHC are described together with considerations
about how these devices should be used.

Causes of inconsistent VHC performance
Both device- and patient-related factors affect medication
delivery from VHCs (see Table 1). The former are concerned
with the function of the VHC itself,5,6,15 and are the focus of
this review. The latter relate to the choice the clinician has to
make in order to select the VHC that is most appropriate for
the particular patient, considering the patient’s capability and
the device itself.15-17 Co-ordination of inhalation with pMDI
actuation, though an important consideration17 that should be
optimised,5 is not identified in the list of patient-related factors
since VHCs are intended to overcome this cause of poor
medication delivery.7,11

Device-related factors
Electrostatic charge
Electrostatic charge is a commonly-reported cause of
inconsistent medication delivery from VHCs.5 The electrostatic
force can be thousands of times greater than the force of
gravity for highly charged particles.18 Most aerosol particles
carry electric charge, so that as well as affecting aerosol
retention within the VHC,5 lung deposition may be
affected.19,20 Removal of charge is desirable from the
standpoint of achieving consistent deposition of medication-
containing particles in the lower respiratory tract. 

Electrostatic charges arise as the result of friction
(triboelectrification) generated by the contact and separation
of dissimilar materials – such as particles of the formulation
themselves – as well as by interaction between particles and
pMDI components that are electrical insulators.21 Aerosols
emitted from pMDIs have an intrinsic electrostatic charge22

which has been characterised on a formulation-by-formulation
basis.23-25 VHCs made from non-conducting polymers also
acquire surface electrostatic charge during manufacture,
packaging and storage.26 Such devices, if used without
precautions to mitigate this phenomenon, can be associated
with reduced output of medication. Barry and O’Callaghan
were the first to examine this phenomenon systematically. They
coated the inside of polycarbonate, non-conducting Nebuhaler
VHCs (Astra Pharmaceuticals, now AstraZeneca) with an
antistatic lining thereby eliminating charge.27 They found that
the mass of pMDI-generated budesonide emitted as fine
particles < 5 μm aerodynamic diameter (likely to penetrate
beyond the oropharynx to reach receptors in the lower
respiratory tract) increased more than two-fold when charge
was removed. Dewsbury et al. showed that electrostatic
charge-associated Volumatic VHCs (GlaxoSmithKline (GSK))
may result in changes to the emitted particle size distribution.28
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Device related Patient related

VHC = valved holding chamber

Table 1.  Factors that may result in inconsistent medication delivery from VHCs.

1. Electrostatic charge – associated with both aerosol from the

inhaler and interior surfaces of the VHC

2. Inhalation valve function – most important with devices

intended for use by infants whose inspiratory flow may not

open a valve that has stuck closed

3. Size (volume) of VHC in relation to patient breathing pattern –

more important for infants and small children

4. Facemask-to-face seal integrity – essential, especially for

infants and small children

1. Choice of appropriate VHC and patient interface (mouthpiece

or facemask) – infant, child, adult

2. Patient inhalation modality

3. Disease modality and severity – may affect ability to use a

particular patient interface
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When no charge was present, the fine particle fraction (< 6.8
μm aerodynamic diameter) of salbutamol was close to 35%,
decreasing to just over 10% with the same devices that were
highly charged.28 

Surfactant is present in many formulations as an excipient
to aid in operation of the pMDI. These compounds are either
ionic species or contain polarisable molecules that allow
electric charge to migrate to ground through the user.
‘Priming’ the interior surfaces of Nebuhaler and Volumatic
VHCs with several actuations of medication before use by
mild asthmatics to coat the interior surfaces with a layer of
surfactant has been associated with increased whole lung
deposition ranging between 41% and 45%.29 However,
although apparently effective at increasing medication
delivery, this practice is wasteful of medication.30 Furthermore,
since some of the new hydrofluoroalkane (HFA)-based
formulations do not contain surfactant,31 priming may lead to
inconsistent results,32 and studies with these formulations are
lacking.

Pre-washing VHCs with water containing a small amount
of ionic detergent is an alternative approach,33,34 since
detergents are actually surfactants and have the ability to
spread onto a surface as a monolayer.35 Piérart et al. showed
that washing in water containing cationic, anionic, or non-
ionic detergents with a detergent to water ratio ranging from
1:125 to 1:10,000 resulted in a higher emitted fine particle
mass of salbutamol from Volumatic VHCs than from
untreated devices.33 This finding is supported by improvement
in clinical outcome associated with the delivery of salbutamol
via detergent-coated VHCs to stable asthmatic patients; 1505
± 1335 mcg (mean ± SD) salbutamol delivered by untreated
Volumatic VHCs was observed to cause an improvement of
10% in FEV1, whereas if pre-washed VHCs were used the
mass of salbutamol decreased to 430 ± 732 mcg.36 Piérart et
al. indicated that the antistatic property of detergent lasts for
at least four weeks.33 Hence, detergent-washing is
recommended on a regular basis in at least one guideline.12

Rinsing add-on devices in clean water after being washed
in detergent has been advocated in the US to avoid
detergent-coated surfaces coming into direct contact with
the patient and the possibility of contact dermatitis.37

However, Piérart et al. observed that Volumatic VHCs pre-
treated in this way retained significant residual electrostatic
charge. Thus, salbutamol fine particle delivery was just over
36% of the label claim emitted mass/actuation when
detergent-treated and rinsed, increasing to close to 50% for
detergent-treated but non-rinsed devices.33 Berg showed that
it can take as many as 40 actuations of medication after
cleaning for charged Nebuhaler VHCs to become coated with
sufficient medication from a formulation containing
surfactant to achieve consistent and comparable emitted

mass/actuation to that from an uncharged VHC.38 Rinsing
should therefore be avoided in favour of drip-drying.
Toweling dry-washed VHCs should also not be undertaken,39

since charge may be imparted by this process.34

VHCs manufactured from good electrical-conducting
materials, such as steel or aluminum, are effective at eliminating
electrostatic charge.40,41 For instance, Janssens et al. collected
pMDI-delivered budesonide at a filter located between the VHC
and the patient using stainless steel NebuChamber VHCs
(AstraZeneca).42 Emitted mass/actuation (mean ± SD) was 41.7
± 10.1% nominal dose for 1-4 year olds and 50.3 ± 9.2% for
5-8 year olds. These values were significantly higher than
26.0 ± 4.0% for 1-4 year olds via the Babyhaler (GSK) or the
19.4 ± 7.2% for 5-8 year olds using Volumatic VHCs. However,
with a metallic VHC, the health care provider cannot see the
aerosol forming within the VHC on inhaler actuation and
subsequently disappearing on inhalation. This is an important
source of feedback when delivering medication to infants or
small children.43 Devices made from transparent, charge-
dissipative materials overcome this limitation and are therefore
more patient-friendly, and they have been shown in
laboratory44,45 and early clinical studies to be effective.46

The ability to eliminate electrostatic charge is important
when patients delay inhalation of their medication, as
frequently occurs.9,47 In a study with several untreated or
water-rinsed non-conducting VHCs, Rau et al. showed that
delivery of salbutamol could be significantly compromised
when a delay as short as 2 seconds occurred between pMDI
actuation and the onset of simulated inhalation. In contrast,
VHCs manufactured with either conducting (aluminium) or
charge-dissipative transparent polymer provided consistent
fine particle delivery (see Table 2).48 A simulated 2-second
delay for laboratory testing is considered representative of
likely use by an unco-ordinated patient.49

Despite laboratory studies showing that electrostatic
charge has a deleterious impact on VHC performance, the
clinical evidence is less clear. Anhøj et al. observed that the
charge associated with two non-conducting VHCs, washed
but rinsed afterwards, reduced lung deposition in children
aged from 7 to 12 years by a factor of more than two-fold.50

This behaviour was associated with significant decreases in
plasma salbutamol concentrations. In contrast, Dompeling et
al. reported that differences in bronchodilating effect based
on measures of peak expiratory flow (PEF) were insignificant
in children given salbutamol using two pre-washed, non-
conducting VHCs (Volumatic and AeroChamber), compared
with responses associated with electrically-conducting
NebuChamber VHCs.51 However, the children tested had
excellent inhaler technique and their PEFs may have already
reached the plateau at the high end of the dose-response
curve. Dubus et al. also found little difference in clinical
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Non-conducting

materials

Wash in detergent

and drip dry

Charge dissipative/

conducting materials

Use without

pre-conditioning

VHC Type

Treatment to mitigate

electrostatic charge

Figure 1.  Options for pre-treatment and use for VHCs to avoid inconsistent delivery of medication due to the
presence of electrostatic charge.

Fine particle mass with 2 s delay (µg)

VHC Type no pre-treatment pre-washed

(out of package) and rinsed

AeroChamber Max® charge dissipative polymer 23.8±4.8 21.5±3.2

Vortex® conducting metal (aluminium) 16.2±1.7 15.5±2.0

OptiChamber® Advantage non-conducting polymer 2.6±1.2 6.7±2.3

ProChamber™ non-conducting polymer 1.6±0.4 5.1±2.5

Breathrite™ non-conducting polymer 2.0±0.9 3.2±1.8

PocketChamber® non-conducting polymer 3.4±1.6 1.7±1.6

ACE® non-conducting polymer 4.5±0.9 5.4±2.9

VHC = valved holding chamber

Table 2.  Fine particle mass < 4.7 µm aerodynamic diameter for salbutamol (mean ± SD) delivered via non-conducting
and non-electrostatic VHCs with delay of 2 s between pMDI actuation and onset of sampling (data from ref. 48 –
used by permission).

outcome measures (specific airway resistance and forced
expiratory volume in one second [FEV1]) using non-
conducting or conducting VHCs when treating moderately
asthmatic children with salbutamol.52 However, they too
acknowledged that their patients were at the plateau of the
dose-response curve. They further observed that
methacholine challenge, used to assess airway
responsiveness, does not mirror an asthma attack. In
reviewing the clinical evidence, Le Souëf stated that the
increase in performance associated with detergent pre-
treatment of spacers (VHCs) manufactured from non-
conducting materials is almost certainly important for inhaled
corticosteroids.53 Clinicians should therefore be aware of ways
to minimise or avoid electrostatic charge when prescribing
VHCs (Figure 1), given the possibility that under-dosing for
some formulations may occur if significant charge is present.
VHC valve function
The valves that operate on inhalation and exhalation must
function effectively over the entire pressure range likely to be

encountered with the use of the VHC.6,54 This requirement is
unlikely to be a problem for adults, since the pressure required
to operate valves of most add-on devices is less than 100 to
300 Pa.54 However, it may become an issue for neonates or
infants if the valves are stuck closed. The literature relating to
such events is scarce, although in a study of three types of VHC
intended for paediatric use, in which salbutamol and
beclomethasone dipropionate delivery was examined with
each device connected to a breathing simulator, neither drug
was obtained from two of the devices due to failure of their
inhalation valves to open when mimicking infant use (50 ml
tidal volume, inspiratory/expiratory ratio 40/60, 30
breaths/min).55 However, the valves operated normally at
higher tidal volumes. The ability to observe valve movement in
response to patient breathing is a significant benefit in
confirming that these components are functioning correctly.43,56

VHC size (volume)
Chamber volume can also affect medication delivery,57 but
VHCs between 150 to 250 ml capacity are for the most part
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as effective as 750 ml devices.14,58-60 Fewer inhalations are
required to empty smaller devices, which is advantageous for
infants and small children.43 Since they are more compact,
there may be a benefit for all patients in terms of
compliance16,43 – an important consideration for older children
who may be embarrassed to use accessory devices.61

If a facemask is used, it should have a dead volume that is
as small as possible when applied with the minimum of force
to seal to the face,62 since drug delivery is reduced by the
proportion of dead space to tidal volume.26 This is particularly
significant with infants63 who might have low tidal volume
combined with high respiratory rate due to cardiopulmonary
disease or metabolic acidosis.64 The magnitude of dead
volume is closely influenced by the facemask/VHC design, as
well as by the force applied when fitting the facemask.62 For
example, the Babyhaler VHC has a fixed dead space close to
40 ml,65 which is a significant fraction of the tidal volume for
this class of patients.50 Facemasks incorporating the
exhalation valve, and ideally shaped for the particular age
category of the user,66 are intended to minimise dead volume
in use.67

Facemask-to-face seal integrity
The delivery of medication from a VHC with a mouthpiece is
assured once the user seals their lips around the mouthpiece
and inhales. In contrast, aerosol delivery via a facemask will
be compromised if an effective mask-to-face seal is not
achieved.68,69 This is because, once the aerosol plume has

expanded following pMDI actuation, there is no additional
pressure to direct the aerosol flow to the patient. Infants, in
particular, may achieve insufficient inhalation flow to do
much more than entrain ambient air via the leak path.66,70,71

They may also struggle against treatment, thereby enhancing
the possibility of leakage.72

Esposito-Festen et al., using an upper airway obligate nasal-
breathing infant model (100 ml tidal volume) investigated the
relationship between leak magnitude and drug delivery by
creating circular apertures of known area in a round-shaped
resuscitation facemask (GaleMed Corp., Taipei, Taiwan).73 They
observed measurable decreases in emitted drug mass with a
leakage area of only 0.05 cm2. Almost no aerosol was collected
when this area was ten times greater. Janssens et al. confirmed
these findings in wheezy infants by observing that dose delivery
was more effective using the Babyhaler VHC – which has an
inwardly curved lip compared with the straight-edged facemask
of the NebuChamber VHC that was more sensitive to leakages
caused by face movements.70 Esposito-Festen et al. arrived at a
similar conclusion in a trial involving 24 children being treated
for recurrent wheeze; they compared collected drug mass on a
filter placed between the VHC and facemask.74 Filter-collected
mass (mean ± SD) was 39 ± 14% of the nominal dose ex-
inhaler for the facemask supplied with the NebuChamber VHC,
increasing to 47 ± 12% when a round facemask with inward-
curving lip (GaleMed) was substituted.

Three considerations follow from these observations.
Firstly, the use of a flexible facemask that conforms to the

Compact (intermediate) size to minimise number of inhalations to empty chamber (paediatric use)26, 43 and allow improved portability (all users)16

Electrically conducting or non-electrostatic (anti-static) materials in construction26 (transparent materials have the advantage that they allow

visualisation of the aerosol following inhaler actuation)

Responsive inhalation (and exhalation) valves43, 55

Capability to observe valve movement (especially for VHCs with facemask), including the means to co-ordinate inhaler actuation with

inhalation43

Ability to ensure a good facemask seal to face70

Designs that are specific for infant, child or adult use, specifically to minimise dead volume in facemask and ensure responsive valve operation66

Facemask with minimal dead volume and comfortable fit with the minimum of applied force to achieve a seal to the face62, 64

Exhalation valve in facemask to decrease re-breathing11 and offer low resistance to exhaled flow43

Clear instructions for washing (cleaning) both before use and in use at specified intervals12 (particularly for devices manufactured from non-

conducting materials)

VHC = valved holding chamber

Table 3.  VHC characteristics that promote consistent medication delivery.
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contours of the patient's face is less prone to leakage and will
have reduced dead volume when fitted properly, in contrast
with more rigid designs.62,75 Secondly, care should be exercised
to ensure that leakage from poor connections with
detachable facemasks does not occur. Finally, VHCs in which
the movement of both inhalation and exhalation valves in
response to the breathing cycle of the patient is visible,
provide the healthcare professional and caregiver with the
reassurance that an effective seal has been achieved between
facemask and face.43

Points to consider when selecting a VHC
Based on the above, there are, therefore, various VHC
characteristics which promote consistent medication delivery
– see Table 3. Those that relate to the device form the basis
of this review. However, patient-related factors are also an
important consideration. The choice of appropriate interface
is largely age-related, with an appropriately sized facemask
the recommended choice for infants and younger children
not yet capable of coping with a mouthpiece.2,4 However, a
facemask may also be appropriate for adults, especially the
elderly who may have cognitive impairment.7,39,76

The way in which the patient inhales (the inhalation
modality) is another factor that affects aerosol deposition.
Ernst has reported that for efficient use of pMDIs, the user
should inhale slowly and continuously followed by a breath-
hold of at least 10 seconds77 thereby allowing the aerosol to
penetrate deeply into the lungs.78 Guidance on the GINA
website for the use of the AeroChamber VHC with mouthpiece
is based on this inhalation modality, but both slow inhalation
and tidal breathing modalities are provided for the Volumatic
VHC with mouthpiece.79 Younger children using a facemask
are able to breathe tidally, and indeed this is likely to be the
optimal modality for infants.66 Until recently, no study with
children has systematically examined issues such as the optimal
time of inhalation and whether the patient should use tidal
breathing or the long slow inhalation technique when using a
VHC.53 However, Roller et al. have recently reported that for
inhalation of a formulation containing extrafine
beclomethasone dipropionate with mass median aerodynamic
diameter (MMAD ) close to 1.1 μm in a cohort of 24 children
aged from 5-17 years, slow inhalation to vital capacity
followed by a breath-hold of at least 5 seconds showed
improved lung deposition compared with tidal breathing.80

These subjects used a small volume VHC (AeroChamber
Plus with mouthpiece) and deposition was assessed by
γ-scintigraphy. Further studies are needed to see if similar
results are obtained with the majority of formulations that
contain larger particles, with MMADs in the range 2-4 μm. 

The influence of disease on VHC use has not been
systematically studied, probably because of the difficulties in

designing studies with sufficient power to come to conclusions.
However, clinicians should be aware of conditions that might
affect the ability of the patient to use a particular interface (for
example – cognitive decline in the elderly) and should adapt
accordingly. In addition, clinical guidelines relating to asthma
advise repeated observation of patient inhaler technique as well
as recommending titration to the minimum dose of medication
that is effective.2,4
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