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Summary 

Valved holding chamber (VHC)/spacer devices help mitigate poor pressurised metered dose inhaler (pMDI) 
technique. We have developed a simple, valve-less, fully-recyclable spacer, comprising a paper body and 

interchangeable plastic end-fittings (DispozABLE Spacer), and wished to compare its performance with 
commercially available spacers.  This new spacer has been compared with rigid plastic re-useable devices 

(OptiChamber Diamond VHC and valve-less Nessi Spacer), and the collapsible, cardboard disposable VHC, 

Lite-Aire
 
using in vitro Andersen Cascade Impactor salbutamol sulphate pMDI (Ventolin and ProAir) aerosol 

performance data. Research has focussed on the 12 L/min flow rate relevant to paediatric and emergency use 
situations. Initial experiments at 28 L/min, however, established that the DispozABLE Spacer delivered 
salbutamol reproducibly, was comparable to pMDIs alone, and the plastic-bodied VHC and valve-less spacer. At 
12 L/min, DispozABLE and Nessi (the two valve-less Spacers) were not significantly different. DispozABLE 
Spacer was superior to both plastic and cardboard VHCs (OptiChamber and Lite-Aire) suggesting that, at 
paediatric flow rates, valve-less spacers perform better than VHCs, and that body-component material is not a 
main influence. The general performance of spacers and VHCs conducted in vitro at conditions that do not reflect 

the low flow rate of young children or the tidal breathing pattern are not likely to be predictive of clinical efficacy. 
Young children are likely to use VHCs with a low flow, multiple tidal breathing technique rather than a single 
inhalation, leading to poor drug delivery, and with poor face-mask seal additionally affecting the inspiratory 
manoeuvre. The current research, comparing delivery at paediatric-representative flow rates, suggests that valve-
less spacers perform better than VHCs. 

Introduction 

The introduction of pressurised metered dose inhalers (pMDIs) in the mid-1950s transformed respiratory disease 
treatment but, despite decades of device availability and healthcare support, poor pMDI user technique remains a 
problem. As a result, there has been a parallel development of teaching aids and devices to promote better 
instruction and/or better use.

[1]
 There are now a number of commercially available holding chamber/spacer 

devices that include valves, collapsible volumes, whistles, anti-static materials and face mask interfaces. Aspects 
unrelated to pMDI technique, however; the economics of cost, emergency use of pMDIs, and better 
environmental disposal, all affect availability of and adherence to spacer use and, ultimately, to effective pMDI 
use. These aspects have fuelled the development of improvised and innovative spacer devices 

[2]
 and we have 

revisited the features of self-sourced or readily disposable spacers. Cost, emergency use, and disposability were 
important factors, as were the device requirements of ease to use, hygiene and performance-reliability. The 
development-outcome has been a simple, valve-less, fully-recyclable device with intuitive assembly, comprising a 
paper body and interchangeable plastic end-fittings that provide good ‘fit’ for both actuator and mouth (Figure 1, 

DispozABLE Spacer). Initial work 
[3]

 indicated that delivery of salbutamol sulphate via the new Spacer and pMDI 
alone were very similar and that, in a sub-optimal use situation (a one-second delay between actuation and 
Impactor function), the new Spacer performed much better than pMDI alone. We now report a series of in vitro 
aerosol performance experiments with the new device, comparing it with rigid, re-useable and collapsible, 
disposable valved holding chambers (VHCs), and a popular valve-less spacer. We have also focussed the 
research on function at a low flow rate as we believe this is relevant to both the paediatric and emergency use 
situation. 

Experimental Methods 

Five separate experiments (Table 1) with the DispozABLE Spacer have been carried out by a GLP compliant, 
independent laboratory (Piper Medical Products, CA 95926, USA), working to FDA regulatory requirement 
standards.  

Table 1. DispozABLE Spacer Studies – Summary (n=3 for all samples) 

Protocol Comparison(s) abbrev. Ventolin ProAir ACI L/min 

P-1 DispozABLE (inter/intra sample) DS + + 28 

P-2 OptiChamber Diamond, pMDI alone OD + + 28 

P-3 Nessi valve-less Spacer alone NS + - 28 

P-4 OptiChamber Diamond and Nessi OD, NS + - 12 

P-5 Lite-Aire LA + - 12 
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Spacer devices tested (Figure 1) were the valve-less DispozABLE Spacer, Clement Clarke International Ltd; the 

valved holding chamber (VHC) OptiChamber Diamond, Philips Respironics Inc.; the valve-less Nessi Spacer, 

Hi-Tech Pharmacal Co.; and the collapsible VHC Lite-Aire, Thayer Medical Corp. Three samples of each spacer 
device were sourced from the manufacturers. 

The example medication was salbutamol sulphate pMDI: either Ventolin HFA, GSK and/or ProAir HFA, Teva 

Respiratory LLC, both 90 g ex-mouthpiece and 108 g ex-valve. Salbutamol delivery via the spacer devices was 
assessed using an 8-stage Andersen Cascade Impactor (ACI) operated at continuous flows of 28 L/min or 12 
L/min. The latter flow was considered representative of paediatric use.

[4]
 pMDIs were shaken for 5 seconds 

immediately prior to actuation, and no two actuations were less than 30 seconds apart. Each test was conducted 
in sets of 10 actuations. According to the individual protocols, three ProAir and/or three Ventolin pMDIs were 

sampled through each spacer device, and the mean  Standard Deviation (SD) determined from each of the three 
tests. Each spacer and pMDI actuator was cleaned with soapy water, rinsed with distilled water, and allowed to 
dry prior to each test. Prior to each test each pMDI was primed/actuated through a separate actuator.  

Analytical chemistry with the relevant solvent was carried out for 11 locations: pMDI actuator, induction port 
(throat), the spacer chamber, and each of the eight ACI stages. Data were presented and reported using a 

validated spreadsheet tool, providing g dose delivered per actuation, respirable dose (5.0-0.5 m particles), and 

coarse (>4.7 m), fine (<4.7 m) and ultra-fine (<1.0 m) particle fractions. Particle size (MMAD, m) and GSD 
were also determined. Adjustments were made for the changes in ACI cut-off diameters for the lower flow rate.

[5]
  

DispozABLE Spacer OptiChamber Diamond Nessi Spacer Lite-Aire 

 
 

  

Figure 1.Tested Devices 

Protocol 1 (P-1) was performed immediately prior to P-2, permitting the P-1 data to be the P-2 DispozABLE 
Spacer arm, comparing with Ventolin and ProAir pMDIs alone, and via the OptiChamber Diamond. P-3 for Nessi 
Spacer was performed five weeks later for overall comparative purposes. P-3 was performed immediately prior to 
P-4. The plastic spacers (OptiChamber and Nessi) were detergent washed, rinsed with distilled water, and air-
dried prior to testing. The largely paper and cardboard disposable spacers (DispozABLE and Lite-Aire, 
respectively) were used straight from their packaging, without pre-conditioning. The inter/intra sample statistical 
analysis was ANOVA (F-statistic < 4.74 indicated no significant difference between samples at the 95% 
confidence level) and for different spacer devices was Student’s t-test with a two-tailed comparison, with t-values 
indicating no significant difference at the 95% level for the 28 L/min data (t < 2.23) and 12 L/min (t < 2.78) data. 

Results 

Inter- and intra-sample performance testing of the DispozABLE Spacer (Protocol 1) demonstrated no significant 
differences for particle size, GSD, total dose delivered, respirable dose, fine or ultra-fine particle dose (F-statistic 
range 0.25 – 2.24), with data consistent for a typical spacer device.

[3]
 

The spacer device experiments at ACI flow 28 L/min showed no significant differences (t-value range 0.46 – 1.44) 
in total dose, respirable dose, or fine particle dose between Ventolin (Table 2) and ProAir (Table 3) for 
DispozABLE Spacer and OptiChamber Diamond. The Nessi Spacer data were comparable to OptiChamber 
Diamond and DispozABLE Spacer (Table 2). The total dose delivered data for the pMDIs alone (data column-3, 
Tables 2 and 3) demonstrate the contribution of the coarse particle fraction. 

Table 2. Spacer Comparisons (Protocols 2 and 3) - ACI Data at 28 L/min (Ventolin) 

Aerosol characteristic 

(g/actuation) 

Ventolin pMDI 

DispozABLE 
Spacer (DS) 

OptiChamber 
Diamond (OD) 

pMDI 
alone 

Nessi Spacer  
(NS) 

Total dose delivered 49.0  4.9 44.8  3.4 103.8  0.9 46.8  0.6 

Respirable dose (0.5-5.0m)  40.7  4.6 36.9  3.2 42.2  4.1 36.7  0.6 

Fine particle dose (<4.7m)  41.6  4.3 38.8  3.0 48.0  2.7 38.2  0.3 
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Table 3. Spacer Comparisons (Protocols 2 and 3) - ACI Data at 28 L/min (ProAir) 

Aerosol characteristic 

(g/actuation) 

ProAir pMDI 

DispozABLE 
Spacer (DS) 

OptiChamber 
Diamond (OD) 

pMDI 
alone 

Total dose delivered 48.0  5.1 43.2  4.5 99.6  4.6 

Respirable dose (0.5-5.0m)  38.0  4.6 35.4  4.5 40.5  4.2 

Fine particle dose (<4.7m)  39.0  4.8 37.5  4.5 46.2  3.7 

 

P-4 spacer device comparisons at ACI flow 12 L/min showed no significant differences (t-value range 1.15 – 1.63) 
between the two valve-less spacers; DispozABLE Spacer and Nessi Spacer (Figure 2). DispozABLE Spacer was 
significantly different (t-value range 3.50 – 4.79) compared with the valved Optichamber Diamond for all three 
variables, with DispozABLE Spacer performance being superior (Figure 2). 

 

Figure 2 – Spacer comparisons at 12 L/min (Protocol 4). Mean of 3 samples of each spacer,  
tested in sets of 10 actuations (t-values shown above pairs of bars) 

 

Protocol P-5 comparison between the valve-less DispozABLE and the (disposable) VHC Lite-Aire at ACI flow 12 
L/min showed significant differences (t-values > 6.73) between the two spacers (Table 4). The DispozABLE 
Spacer delivered significantly higher respirable and fine particle doses. DispozABLE data were consistent across 
all protocols (Tables 2-4, data column-1). 

Table 4. – Spacer comparisons (Protocol 5) - ACI data at 12 L/min 

Aerosol characteristic 

(g/actuation) 

Ventolin pMDI 

DispozABLE 
Spacer (DS) 

Lite-Aire 
(LA) 

Mean 
Difference 

t-value 

Total dose delivered 55.6  5.3 30.6  2.4 25.0 7.48 

Respirable dose (0.5-5.0m)  44.0  5.1 21.0  0.1 23.0 7.84 

Fine particle dose (<4.7m)  43.9  5.3 23.1  0.6 20.8 6.73 

Discussion 

The protocols conducted at 28 L/min established that, in vitro, the valve-less DispozABLE Spacer delivered 
salbutamol reproducibly and was comparable to pMDI alone and to the two plastic spacers: a leading VHC and an 
alternative, non-disposable valve-less spacer. At low flow rates, the two valve-less spacers were not significantly 
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different, with DispozABLE superior to plastic and cardboard-based VHCs. The protocols comparing delivery at 
paediatric-representative flow rates suggest that valve-less spacers performed better than VHCs, and that body-
component material was not a main influence. 

To work efficiently spacers or VHCs need to give the dose readily to the patient when an inspiration is made: for 
VHCs the inspiration needs to overcome the force required to open the valve. If VHCs fail to deliver (equivalence), 
it is usually because the valve system is too resistant. This is not normally detectable at 28-30 L/min or adult flow 
rates but the current research shows that it is detectable at paediatric flow rates. The valve does provide one 
important function absent in a spacer; that is, the ‘holding’ function, with the aerosol cloud being protected from 
the effect of exhalation. VHCs and spacers can, however, be fitted with a coaching whistle that would enable a 
carer to actuate the pMDI at the start of the inhalation, thereby optimising delivery efficiency.  

Face masks
[6]

 and, more notably, VHC/spacer bodies may affect the available dose owing to component material 
static effects. These effects are mitigated by wash/dry pre-conditioning

[7] 
and by priming VHCs with several doses 

(up to 20)
[8]

 from the pMDI: both time-consuming and wasteful. The performance of the valve-less paper 
DispozABLE device ‘straight from the box’ without pre-conditioning or priming, and at low flow rates where VHCs 

may manifest a problem, was very encouraging. 

Conclusion 

The use of pressurised metered dose inhalers together with a spacer or VHC is strongly recommended in asthma 
guidelines.

[8]
 It is widely recognised that young children are likely to use VHCs with a tidal breathing technique 

rather than a single inhalation, leading to poor drug delivery,
[9]

 and with a poor seal between face-mask and a 
child’s face markedly reducing dose delivery efficiency.

[10]
.
 
Thus the general performance of spacers and VHCs 

conducted in vitro at conditions that do not reflect the low flow rate of young children or the tidal breathing pattern 
are not likely to be predictive of clinical efficacy. The current research, comparing delivery at paediatric-
representative flow rates, suggests that valve-less spacers perform better than VHCs. 

References 

1 Nikander K, Nicholls C, Denyer J, Pritchard J: The evolution of spacers and valved holding chambers, J 
Aerosol Med Pulmon Drug Del 2014; 27:Suppl 1:S-4‒S-23. 

2 Willemse BW, Toelle BG, Li JSM, Shah S, Peat JK: Use of a paper disposable cup as a spacer is effective for 
the first-aid management of asthma, Respir Med 2003; 97:1: 86-89. 

3 Sanders M, Bruin R: Disposable spacers for pressurised metered dose inhalers (pMDIs)–back to the future?, 
Presented at: The International Society for Aerosols in Medicine Congress, Munich, Germany, May 30-June 
03, 2015; J Aerosol Med Pulmon Drug Del 2015; 28:3: ppA-16 (Abstract P-136). 

4 Dolovich MB, Mitchell JP: Canadian Standards Association standard CAN/CSA/Z264.1-02:2002: a new 
voluntary standard for spacers and holding chambers used with pressurised metered dose inhalers, Can 
Respir J 2004; 11:7: 489-495. 

5 Personal Communication: Piper Medical Products, CA 95926, USA. 

6 Sanders M, Bruin R, Tran C: Investigation into face mask (FM) drug wastage with valved holding chamber 
(VHC) devices, Presented at: International Society for Aerosols in Medicine / Woolcock Institute of Medical 
Research Conference, Sydney, Australia, September 25-26, 2014; J Aerosol Med Pulmon Drug Del 2014; 
27:6: A-8 (Abstract P-8). 

7 Suggett J, Nagel M, Doyle C, Schneider H, Mitchell J: Use of valved holding chambers without pre-
conditioning and the influence of anti-static materials, (Abstract). Presented at: The Aerosol Society Drug 
Delivery to the Lungs 24, Edinburgh, Scotland, UK, December 11–13, 2013; J Aerosol Med Pulmon Drug Del 
2014; 27:4; A-51. 

8 GINA Guidelines Global Initiative for Asthma (GINA): Global strategy for asthma management and prevention 
2015, http://www.ginasthma.org/local/uploads/files/GINA_Report_2015_May19.pdf, (accessed 08 July 2015). 

9 Mitchell J, Nagel M: In vitro performance testing of three small volume-holding chambers under conditions that 
correspond with use by infants and small children, J Aerosol Med Pulmon Drug Del 1997; 10:4: 341-349.  

10 Amirav I: Aerosol therapy, update article, Ital J Pediatr; 2004;30:147-56.  

http://www.ginasthma.org/local/uploads/files/GINA_Report_2015_May19.pdf

