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Summary 

The main barrier to asthma control is correct inhaler use and treatment adherence. Training can be variable in 
quality and occasional in delivery, but can be augmented by whistle training tools which also provide the 

opportunity for detection by smartphone app. A new actuator-integrated whistle Clip-ToneM (M for multi-therapy 
pMDIs) is app-detectable. This device modifies the upright portion of the pMDI actuator body via either a co-
manufactured or retro-fit ridging element that whistles at the appropriate flowrate. Proof of concept studies have 
shown aerosol characteristics and particle size distributions equivalent to use of the pMDI alone. The present 

Next Generator Impactor research studied aerosol performance of the triple therapy pMDI, Trimbow (100 µg 
beclometasone dipropionate [BDP], 6µg formoterol fumarate, 10 µg glycopyrronium bromide, n=5). The dose, 
aerosol characteristics and particle size distribution of BDP, as representative of the combination solution, were 
consistent between control pMDI and pMDI plus Clip-Tone M: mean emitted dose 83.75 µg and 80.64 µg; fine 
particle fraction 41.87% and 41.27%, and fine particle dose 35.17 µg and 33.42 µg, respectively. These in vitro 
data support previous Clip-Tone research carried out with single and dual API pMDIs, demonstrating that a retro-
fit device that forms part of the actuator has little effect on aerosol performance. Fundamental to this new device 
approach is that guidance/self-training need not cease once the patient has learnt correct technique. If linked to 
app technology, this low-cost modification to existing pMDIs is suitable to be extended into adherence monitoring 
and reinforcement of technique. 

Key Message 

The Clip-Tone inhaler technique training tool applied to the top of the pMDI avoids any change in aerosol dose 
delivery. This feature, plus app detection, suggests that the device may have broader applicability than as a 
placebo-only or add-on trainer; remaining in place—during daily use—on an active inhaler. 

Introduction 

Currently only self-management apps are available for asthma, typically logging medication usage and pulmonary 
function [1]. Without doubt however, the main barrier to asthma control is correct inhaler use and treatment 
adherence. This is the desired deliverable from inhaler training but unfortunately, despite being a Guideline-
necessity [2], it is variable in quality and objectivity, and importantly is largely occasional in delivery [3]. Face-to-
face tuition is known to be augmented by whistle training tools [4], and these can provide the opportunity for self-
guidance via sound-detection apps. 

The Flo-ToneCR (CR, controlled resistance) is a mouthpiece add-on, whistle trainer/mini spacer device for 

pressurised metered dose inhalers (pMDIs), and is a development improvement to the pre-existing Flo-Tone, 
enabling it to be used with a broader range of pMDI mouthpiece actuator shapes without compromising drug 
delivery [5]. Flo-Tone CR (Figure 1) is now the preferred device and has demonstrated aerosol performance and 
spacer functionality [5-7].  

The mini-spacer function does introduce 
potential regulatory requirements and has 
led to the device being used mainly 
during training, enabling multiple use of 
valuable placebo pMDI stock via use of 
the Flo-Tone CR as a patient-specific 
mouthpiece. 

To extend the capabilities of this type of 
training tool, a new actuator-integrated, 
solid-state whistle has been developed 
which is smartphone app detectable. In 
practical terms this device—Clip-

Tone—modifies the upright portion of 
the pMDI actuator body via either a co-
manufactured or retro-fit ridging element 
that whistles at the inspiratory flowrate 
appropriate to use [8]. Various proof of 
concept studies using tailored devices 
(Figure 1) with 100 µg salbutamol 

(Ventolin Evohaler, GSK), 20 µg 

ipratropium (Atrovent, Boehringer Ingelheim), and dual therapy 5 g formoterol/125 g fluticasone (Flutiform®, 
Napp) have shown key aerosol characteristics and particle size distributions equivalent to use of the pMDI alone 
[9-11].  

   

  

Figure 1 – clockwise, top left: Flo-Tone CR, Clip-Tone V  
(Ventolin, ± canister), Clip-Tone M (multi-therapy, ± canister) 
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Comparing the performance of Ventolin Evohaler pMDI with Flo-Tone CR and Clip-Tone devices confirmed 
previous findings of unimpaired aerosol characteristics, and reduced in vitro throat deposition with Flo-Tone CR 
only [12]. Clip-Tone, with the actuator whistle-location physically ahead of the point of aerosol generation, cannot 
affect valve delivery and therefore offers a simpler regulatory pathway. This feature, plus smartphone app 
detection, suggests that the Clip-Tone device may be more suited to regular patient-controlled training. We have 
now extended the previous research, looking at the aerosol performance of the only currently available triple 
therapy pMDI. 

Experimental Methods 

The beclometasone dipropionate (BDP) aerosol characteristics of Trimbow pMDI (100µg BDP, 6µg formoterol 
fumarate, 10µg glycopyrronium bromide, Chiesi) were determined using a Next Generator Impactor (NGI, Copley 
Scientific Limited, UK) operated at the standard flowrate of 30L.min-1 [13]. Five pMDIs were used and were 
assigned numbers 1–5. All five were tested with Clip-Tone M (M, suitable for multi-therapy pMDIs) and numbers 
1, 2 and 3 were used for control mass balance testing. pMDIs were primed according to the patient information 
leaflet, and canister weights were recorded before and after priming. Once primed, pMDIs were transferred to 
clean actuators and the initial weight of the devices was recorded. Devices were held in an upright position and 
shaken for 5 seconds. Immediately following shaking the pMDI was actuated into the NGI. This process was 
repeated until five actuations in total were delivered. Following NGI deposition, the devices were re-weighed to 
determine actuation weights. The NGI components were quantitatively washed with recovery solution, with BDP 
quantified using a validated HPLC methodology. Metered dose (dose delivered from the valve, µg), emitted dose 
(dose delivered from actuator, µg), fine particle fraction (FPF, %<5.0 µm), fine particle dose (FPD, µg<5.0 µm), 
mass median diameter (MMAD, µm), and geometric standard deviation (GSD, σg) were calculated. 

Results  

The mean BDP dose and aerosol characteristics from control pMDI and pMDI plus Clip-Tone M were consistent 
(Table 1), with metered dose approximately 96 and 93 µg, and emitted doses approximately 84 and 81 µg, 
respectively. Mass balance recovery of BDP was within acceptable limits (± 25% of targeted metered dose). 
Mean FPF and FPD were, respectively, approximately 42% and 35 µg (control), and 41% and 33 µg (plus Clip-
Tone M). MMAD and GSD were comparable. Aerosol particle size distributions are shown in Figure 2: again 
recovery was consistent if very slightly less with use of Clip-Tone M.  

 Trimbow Control Trimbow plus Clip-Tone M 

Metered Weight (mg) 76.13 ± 0.91 75.86 ± 0.59 

Metered Dose (µg) 95.94 ± 3.37 93.09 ± 5.00 

Emitted Dose (µg) 83.75 ± 3.20 80.64 ± 4.77 

FPF (%<5µm) 41.87 ± 4.94 41.27 ± 4.37 

FPD (µg<5µm) 35.17 ± 5.35 33.42 ± 5.31 

MMAD (µm) 0.99 ± 0.06 0.96 ± 0.07 

GSD (σg) 1.89 ± 0.07 1.90 ± 0.06 

BDP on Actuator (µg) 12.71 ± 0.77 13.40 ± 0.98 

Table 1 - NGI dose characteristics of BDP (mean ± SD) from Trimbow  
Control (n=3) and Trimbow plus Clip-Tone M (n=5) 

Discussion 

Trimbow pMDI is formulated as a combination solution. The aerosol particle size distribution of the solution was 
evaluated using the deposition profile of BDP alone. Using a single active pharmaceutical ingredient (API) from a 
triple API system as a surrogate for the other components is acceptable since all three will be homogenously 
distributed within the formulation and in the emitted aerosol droplets. BDP-only NGI analyses have also been 
completed with dual API Fostair (100 µg BDP/6µg formoterol fumarate, Chiesi) and with Trimbow used in 
combination with Flo-ToneCR, and have shown that drug delivery is unaffected [7]. 

The current in vitro data support the previous Clip-Tone research carried out with single and dual API pMDIs [9-12], 
demonstrating that a retro-fit device that forms part of the actuator has little effect on aerosol performance. 
Fundamental to this new approach is that guidance/self-training need not cease once the patient has learnt 
correct technique. If linked to app technology, this low-cost modification to existing pMDIs is suitable to be 
extended into adherence monitoring and reinforcement of technique. This capability already exists via a prototype 
sensing app: assessing inhaler skills objectively (timing of the actuation: pre- or post-inspiratory manoeuvre, or 
the time from the start of the manoeuvre; and the duration of the inhalation), improving technique and providing 
date-and-time scrutiny of technique [11, 14]. It is possible to envisage that prescription repeats could be linked to 
patient competency and engagement via data gathered through this type of app. 
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Figure 2 - Trimbow

 
BDP NGI deposition profile (mean values ± SD) 

 

 

Conclusion 

The Clip-Tone training tool is applied to the top of the pMDI and avoids any change in aerosol dose delivery. This 
feature, plus smartphone app detection, suggests that the Clip-Tone device may have broader applicability than 
as a placebo-only or add-on training device, remaining in place on the active inhaler. This upgrades patient 
training from being clinic-based, and conducted possibly only once per year, to being available each time the 
inhaler is used. 
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