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Abstract 

Pressurized metered dose inhalers (pMDIs) qualify as ‘old technologies’ with the device rapidly approaching its 
60

th
 anniversary. Despite their popularity, pMDIs are associated with several difficulties, including extensive 

throat deposition and the requirement to coordinate actuation and inhalation. The Flo-Tone is a miniaturized 
spacer which aims to promote coordination by providing an aural stimulus to patients of inhalation. The aim of 
this work was to investigate aerosolization of two suspension pMDIs when combined with the Flo-Tone. 
Aerosolization was studied using the next generation impactor at 30 or 60 Lmin

-1
 for salbutamol sulphate (SS – 

Ventolin Evohaler) and fluticasone propionate (FP – Flixotide Evohaler) products. Poor co-ordination was 
simulated for FP by delaying initiation of airflow through the NGI for 0.5 – 1.0 s after actuation. Throat deposition 
was reduced at both flow rates (e.g. SS 23.0 ± 4.1 % to 11.9 ± 4.3 % at 30 Lmin

-1
) for both formulations (e.g. FP 

78.9 ± 3.9 % (poor coordination) to 15.73 ± 2.09 %). The fine particle fractions (FPF %ED) were similar for FP 
with (34.4 ± 2.5 %) and without the spacer (37.9 ± 3.1 %). It was found that the FPF %ED for SS increased when 
the airflow rate was increased from 30 to 60 Lmin

-1
(46.1 ± 2.4 % vs. 60.8 ± 2.3 %), however using the Flo-Tone 

overcame this effect. An airflow-indicating spacer may offer benefits by improving coordination, but was also 
effective at minimizing ballistic in vitro deposition, albeit with potential dependence on formulation identity.  

Introduction: 

 

The introduction of the pMDI revolutionized therapy, offering significant benefits of portability, convenience and 
consistency of drug dosing. pMDIs still represent the majority of world portable inhaler sales and their use is still 
growing in developing pharmaceutical markets, including Asia and Africa. Notwithstanding their success and 
continuing growth, meta-analysis reveals that the clinical outcomes with pMDIs are only similar to dry powder 
inhalers [1] suggesting that the full potential of pMDIs as an aerosol therapy is not fulfilled in clinical practice.   
 

Deposition in the oropharynx is the main source of variability in achieving lung deposition in patients [2].  Throat 
deposition from pMDIs leads to side-effects such as dysphonia or oral candidiasis. Up to 24 % of patients 
experience side-effects when using inhaled therapies [3] leading to avoidance or self-adjustment of therapy 
regimens. The extensive throat deposition is usually attributed to failure of the patient to co-ordinate actuation of 
the pMDI and their inhalation. The ballistic nature of a pMDI aerosol leads to extensive throat deposition, and it is 
inappropriate to suggest that patient behaviour is the cause of poor specific lung dosing. Certainly patient training 
interventions are important. As many as 72 % of patients demonstrate inability to use their pMDI correctly unless 
they receive training [4]; the most common errors including inhaling too rapidly, poor co-ordination and premature 
cessation of inhalation, all of which prevent effective lung deposition. However, training is difficult and in ‘real-life’ 
patients the effect of training typically diminishes over time. 
 
Even with optimum technique, suspension pMDIs lead to less than 1/3 of the emitted dose depositing in the lung 
[4].  Despite the touted benefits of hydrofluoroalkane-based pMDIs and breath-actuated pMDIs; high extra-
thoracic deposition in the region of 30 – 60 % is still observed with ‘new’ and ‘extra-fine’ formulations [6], 
particularly in children [7]. To overcome the need for co-ordination and the extensive throat deposition with 
pMDIs, spacer devices (including valved-holding chambers) emerged in the 1970s as a solution to maintain the 
fine particle lung deposition, and reduce the extra-thoracic deposition fraction. Unfortunately traditional spacers 
are bulky, inconvenient and are rejected by as many as 85 % of patients [8] and are a major cause of suboptimal 
concordance with therapy. Furthermore, dose emission from spacers is dependent on the patient’s lung volume 
and inhalation flow rate [9]. 
 
Ongoing research at the University of Hertfordshire investigates engineering design solutions to circumvent 
human factor barriers to inhaled therapy use. The goal is to investigate how clinical use of innovative new 
formulations could be expanded to patient groups with suboptimal competence in device use. The aim of this 
study was to characterize the drug delivery performance of pMDI formulations when used with Flo-Tone, a 
miniaturized add-on spacer incorporating a real-time airflow feedback mechanism. 
 
Methods: 

 

In vitro drug delivery performance was assessed by inertial impaction analysis using the next generation impactor 
(NGI) for two commercial suspension formulations, Ventolin Evohaler (containing 100 µg salbutamol sulphate, 
SS) and Flixotide Evohaler (containing 125 µg fluticasone propionate, FP). Drug delivery was assessed for FP at 



30 Lmin
-1

 (corresponding to the recommended inhalation airflow for a pMDI) both with and without a Flo-Tone 
spacer, where poor coordination was simulated by delaying initiating airflow until 0.5 – 1.0 s after actuation. In 
order to assess the impact of inhalation flow rate on drug delivery, drug delivery was assessed for SS with and 
without the Flo-Tone device at 30 Lmin

-1
 and 60 Lmin-

1
 to mimic a high airflow which would be difficult for a 

patient to perceive as excessive.  
 
Aerosolization studies were performed using an NGI with a model HCP5 vacuum pump (both from Copley 
Scientific Ltd., Nottingham, UK). Following assembly of the NGI the flow was adjusted to the required flow rate 
using a flow meter (Copley Scientific Ltd., UK) and a total of 10 actuations were fired into the NGI induction port, 
with a 5 s pause and 5 s of shaking between actuations. Following actuations, the device, spacer (where 
appropriate), induction port and stages of the NGI were washed with a washing solution, which corresponded to 
the respective mobile phase employed for chromatographic determination of drug deposition. 
 
Drug recovery was achieved by rinsing the device, spacer or induction port into a volumetric flask with mobile 
phase. A specific volume of mobile phase (ranged from 5 – 10 mL depending on stage number) was transferred 
accurately to the sizing stages. The sizing cups were sealed with paraffin film and placed on a laboratory gentle 
rocker for 10 min to aid dissolution. An aliquot from each solution was analyzed by high performance liquid 
chromatography (Agilent 1260 Infinity chromatography system) using a Luna 3 µm C18 column (150 mm x 4.6 
mm x 3 µm) (Phenomenex Macclesfield, UK) as stationary phase. The mobile phase for SS was a 80:20 (v/v) 
mixture of 0.6% (w/v) aqueous ammonium acetate:methanol, adjusted to pH = 4.5. The mobile phase for FP was 
a 25:75 (v/v) mixture of 0.6% (w/v) aqueous ammonium acetate:methanol. Detection was at 272 nm for SS, 240 
nm for FP.   
 
Results and discussion: 

 
The primary goal of compendial inertial impaction analysis is to serve as quality control analytical determination 
of particle size distribution of emitted aerosols. Determination of drug deposition from a pMDI is typically 
performed using a flow rate of 30 Lmin

-1
 with the NGI. However such laboratory testing is likely to provide 

information with little relevance to how patients actually use their inhalers. For example, a recent study has 
shown median flow rates of 68 Lmin

-1
 in patients classified as having ‘good’ technique while a group classed as 

showing poor technique inhaling through their pMDI at 240 Lmin
-1

[10]. Comparisons were made in the current 
study for ‘poor’ and ‘good’ coordination as well as for two flow rates: 30 L min

-1 
and 60 L min

-1
 in order to estimate 

the effects of flow rate on the properties of the aerosol cloud at the lower end of a fast ‘inhalation’. 
 
Aerosol deposition within the NGI of FP (125 µg) is presented in Figure 1 for 30 Lmin

-1 
with good and poor 

coordination, and when the Flo-Tone was used. It is clear that the ballistic deposition of the aerosol in the 
induction port was significantly higher when initiation of the airflow through the device was delayed (ANOVA, p 
<0.05). Deposition on the device mouthpiece was also shown to be higher for poor coordination as shown by the 
emission value (74.4 ± 3.1 %). The benefit of using the spacer device was clear from the comparative fine 
particle fractions (FPF), fine particle dose (FPD) and mass median aerodynamic diameter (MMAD) between the 
spacer and good coordination conditions. It was interesting that the induction port deposition was halved (Tukey’s 
test, p < 0.05) from 32.05 ± 2.92 % to 15.73 ± 2.09 % by the use of the spacer even for good actuation 
coordination.  
 

 
Figure 1 Deposition profile (% emitted dose) and performance metrics for Flixotide metered dose inhalers 
assessed by inertial impaction at 30 Lmin

-1
 (mean ± SD, n ≥ 3). IP – Induction Port. 
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Table 1 Aerosolization performance metrics for the Flixotide Evohaler tested at 30 Lmin
-1 

using the next 
generation impactor for a simulated poorly co-ordinated actuation, co-ordinated actuation and actuation using a 
miniature spacer device (mean ± SD, n ≥ 3). FPF = fine particle fraction, FPD = fine particle dose < 5 µm and 
MMAD = mass median aerodynamic diameter.  
 
 

 

 

 

 

 

 

Analysis of SS emitted from a Ventolin Evohaler investigated the effects of air flow rate on in vitro deposition and 

the effects of employing the miniature spacer (Figure 2). The addition of the spacer to the MDI did not affect the 

% emission from the MDI device at either flow rate (Table 2, ANOVA, p > 0.05). Throat deposition of SS was 

lower than that of FP, however similarly to FP, throat deposition was also reduced by approximately 50 % 

(Tukey’s test p< 0.05) when the Flo-Tone was employed. This behaviour is similar to larger volume spacer 

chambers, and is predominantly due to deposition of the emitted dose in the spacer itself.  

 
Figure 2 Cumulative particle size distribution and for Ventolin Evohaler at the recommended (30 L min

-1
) and 

excessive (60 L min
-1

) flow rate with and without the miniature spacer device (mean ± SD, n = 3).  
 

The fine particle doses (Table 2) were not significantly different (Tukey’s p > 0.05) with and without the spacer in 

place at any given flow rate. However, the FPF without the spacer in place was greater at 60 L min
-1

 than at 30 

Lmin
-1

(t-test, p < 0.05). The higher air flow rate is likely to promote more rapid evaporation of large droplets due 

to improved turbulent mixing consequently leading to a smaller droplet diameter. This was indeed observed in the 

MMAD values, which were significantly lower for aerosols produced into the 60 Lmin
-1

airflow. Interestingly using 

the spacer overcame the flow dependence of the FPF for SS aerosols even though the MMAD was reduced at 

the higher airflow rate. No significant differences were observed for the FPF (%ED) or FPF (%SED) or FPD 

between flow rates (t-tests, p > 0.05). 

 

Table 2 Aerosolization performance metrics for the Ventolin Evohaler tested using the next generation impactor 
at the recommended (30 L min

-1
) and excessive (60 L min

-1
) flow rates with and without the miniature spacer 

device (mean ± SD, n = 3).  

  Flo-Tone  Flo-Tone 
 30 Lmin

-1
 30 Lmin

-1
 60 Lmin

-1
 60 Lmin

-1
 

Dose Recovery (%) 84.2 ± 8.9 77.9 ± 4.4 79.7 ± 0.9 80.2 ± 2.4 
MDI Emission (% RD) 95.1 ± 0.9 94.6 ± 1.7 94.1 ± 0.1 94.6 ± 0.4 
Spacer Emission (% RD)  80.7 ± 1.7  87.4 ± 0.4 
Throat Deposition (%ED) 23.0 ± 4.1 11.9 ± 4.3 16.4 ± 1.2 13.3 ± 0.9 
FPF <5µm (%ED) 46.1 ± 2.4 47.8 ± 3.6 60.8 ± 2.3 53.0 ± 1.1 
FPF <5µm (%SED)  55.9 ± 3.3  57.4 ± 1.2 
FPD (µg) 37.0 ± 5.4 35.2 ± 3.9 45.6 ± 1.6 40.3 ± 2.0 
MMAD (µm) 3.92 ± 0.07 3.68 ± 0.05 2.23 ± 0.04 2.47 ± 0.28 
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Stage Cut-off diameter ( m)

 Ventolin 30 Lmin

 Flo-Tone 30 Lmin

 Ventolin 60 Lmin

 Flo-Tone 60 Lmin

 Delayed actuation
 

Coordinated Actuation Flo-Tone 

Dose Recovery (%) 84.3 ± 6.3 110.2 ± 8.4 103.9 ± 7.5 
Emission (%) 74.4 ± 3.1 92.4 ± 1.9 91.7 ± 2.0 
FPF <5µm (%ED) 12.4 ± 2.2 37.9 ± 3.1 34.4 ± 2.5 
FPD (µg) 9.7 ± 1.9 48.6 ± 8.0 40.9 ± 2.8 
MMAD (µm) 3.74 ± 0.18 4.21 ± 0.03 4.04 ± 0.15 



Conclusions 

 

The current in vitro study has shown for two suspension aerosols, typically associated with high ballistic 

deposition fractions, that a miniaturized spacer has potential to improve in vivo deposition. The decreased 

induction port deposition suggested potential to reduce oropharyngeal deposition for both good and poor 

coordinators of actuation. The production of a tone at 30 Lmin
-1

 provides a stimulus to the patient not to actuate 

until appropriate flow has been achieved. During testing it was noted that the Flo-Tone continued to emit its tone 

signal at high air flow rates. Deposition of SS was therefore tested at two flow rates. It was found to be possible 

to minimize the changes in aerosol fine particle dose and fine particle fraction (which were observed with the 

pMDI alone) by using the spacer. However, differences were observed in performance between SS and FP pMDI 

formulations, and confirmatory testing for performance is recommended for translation to other inhalation 

products.     
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