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Summary 

The Micro mesh aerosolization device guides the patient to perform an optimum breathing maneuver through 
visual signals that inform the patient if their inspiratory flow rate is too fast (>14 L/min) or too slow (<7 L/min). We 
tested the impact of different simulated inspiratory flow rates on the quality of aerosol produced by a Micro device. 
One Micro device was tested in triplicate with flow rates of 8, 10, or 12 L/min, when filled with 300 µL of 5 mg/2.5 
mL salbutamol sulphate solution. The inspiratory flow rate was simulated through changes to the extraction flow 
of a Malvern Spraytec laser diffraction system, and a 9 L/min shroud air was set up to prevent recirculation of the 
aerosol in the Malvern Spraytec. Record capture was started and the Micro device was connected to the Malvern 
Spraytec via a custom connector. Aerosolization was run into the Malvern Spraytec to completion and the aerosol 
generation time was recorded. The results showed that there was no change in the mean volume median 
diameter and very little change in the fine particle fraction (% of particles <5 µm) between the different inspiratory 
flow rates. In addition, the aerosolization time was equally fast with all 3 inspiratory flow rates, with a mean time of 
26 seconds. There was a slight change in the span of the aerosol particle size distribution, which decreased with 
increasing flow. In conclusion, the particle size of the aerosol from the Micro device was consistent across a 
range of flow rates representative of the intended normal operating range of the device.  

Introduction 

Aerosol deposition is altered by a number of factors, including inspiratory flow rate. Particles that are large in size 
and that have a higher velocity are more likely to deposit in the upper airways. As a result, slow and deep 
inhalation is recommended for optimum deposition of an aerosol in the lungs 

[1,2]
. The Micro device* guides the 

patient to achieve this optimum breathing pattern, through visual signals, to inform the patient if they are breathing 
too fast or too slow. The signals take the form of a green light that flashes slowly if the inhalation flow of the 
patient is below 7 L/min and rapidly if the inhalation flow is above 14 L/min; if the flow is outside of these limits, no 
aerosol is produced to ensure optimal deposition of aerosol. We tested the Micro device (Figure 1) with different 
simulated inspiratory flow rates within the range of flows that the Micro device will guide the patient to achieve, in 
order to determine the effect of flow rate on the particle size of the aerosol produced by the device.  

 

Figure 1: The Micro mesh device (copyright Respironics Respiratory Drug Delivery [UK] Ltd, Chichester, UK).  
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Method  

One Micro device (Respironics Respiratory Drug Delivery [UK] Ltd) was tested in triplicate with each simulated 
inspiratory flow rate, with a fill of 300 µL of 5 mg/2.5 mL salbutamol sulphate solution (IVAX Pharmaceuticals UK, 
Runcorn, UK). The inspiratory flow rate was simulated through changes to the extraction flow drawn through the 
Malvern Spraytec laser diffraction system (Malvern Instruments Ltd, Worcestershire, UK). A supply of shroud air 
was set at 9 L/min and the extraction flow, generated by a Whisperflow flow generator (Respironics Respiratory 
Drug Delivery [UK] Ltd), was adjusted to 17, 19, or 21 L/min using a TSI flow meter (TSI Instruments Ltd, High 
Wycombe, UK) to produce flows of 8, 10, and 12 L/min at the mouthpiece of the Micro device. The 9 L/min shroud 
air was essential in preventing the recirculation of aerosol in the Malvern Spraytec flow cell, especially at lower 
inspiratory flow rates. Malvern Spraytec record capture was started and the Micro device was connected to the 
Malvern Spraytec flow cell via a Micro to Spraytec custom connector that sealed around the Micro mouthpiece to 
ensure a closed system. Aerosolization was run to completion into the Malvern Spraytec and the aerosolization 
time was recorded. The Micro device was tested in triplicate with each of the 3 inspiratory flow rates.  

Results 

The volume median diameter particle size was consistent across the 3 flow rates tested, with a mean value of 
4.85 µm (Figure 2). There was also very little difference in the fine particle fraction (% <5 µm), with a mean value 
of 51.8% (Figure 3). There was a small decrease in the span (D90-D10/D50) of the aerosol particle size 
distribution with an increasing flow rate (Figure 4). The mean aerosolization time for all 3 inspiratory flow rates 
was 26 seconds (Figure 5).  
 

 

Figure 2: Mean volume median diameter (VMD) of the aerosol produced by the Micro device with an 8, 10, or 
12 L/min inspiratory flow rate. Error bars show the standard deviation.  
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Figure 3: Mean fine particle fraction (FPF; % <5 µm) of the aerosol produced by the Micro device with an 8, 10, or 
12 L/min inspiratory flow rate. Error bars show the standard deviation. 

 

 

Figure 4: Mean span (D90-D10/D50) of particle size distribution of the aerosol produced by the Micro device with 
an 8, 10, or 12 L/min inspiratory flow rate. Error bars show the standard deviation. 
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Figure 5: Mean aerosolization time for the Micro device with an 8, 10, or 12 L/min inspiratory flow rate. Error bars 
show the standard deviation. 

Discussion 

The volume median diameter and fine particle fraction (% of particles <5 µm) of the aerosol from the Micro device 
were consistent with all 3 inspiratory flow rates (Figures 2 and 3) within the intended normal operating range of 
the device. The aerosolization time was also equally fast with all 3 inspiratory flow rates, with a mean time of 26 
seconds. There was a small change in the span of the aerosol particle size distribution, which decreased slightly 
with an increasing flow rate (Figure 4). Overall, these results show that the simulated inspiratory flow rates within 
the intended normal operating range of the Micro device had little effect on the particle size of the aerosol 
produced by the Micro device.  

Conclusion  

 The volume median diameter and fine particle fraction were consistent across all 3 inspiratory flow rates.  

 The Micro device completed aerosolization in 26 seconds with all 3 inspiratory flow rates. 

 

* The Micro device is only available for use in clinical trials. This product has not been approved or cleared by the 
FDA, is not CE marked, and is not available for commercial sale. 
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