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Summary 

The Micro device is being developed for the delivery of aerosolized drugs. We tested 3 Micro devices at 5°C and 
30°C to evaluate the impact of temperature on the performance of the Micro device. The devices were placed in a 
5°C refrigerator for over 2 hours before being weighed, filled with 300 µL of 5 mg/2.5 mL salbutamol sulphate 
solution equilibrated to 5°C, and reweighed. The Micro device was connected to a Malvern Spraytec laser 
diffraction system via a custom connector and was operated until completion of treatment. Aerosolization time 
was recorded and the device was reweighed before being placed in a 30°C incubator for at least 2 hours, and the 
test was then repeated. This protocol was repeated for each of the 3 devices. The delivered dose and volume 
median diameter particle size results were consistent across the 3 Micro devices tested and with the 2 different 
temperatures. Output rate was lower at 5°C; however, as the delivered dose was unchanged, this only resulted in 
an increased aerosol delivery time (from 29 seconds at 30°C, to 39 seconds at 5°C). Overall, the results indicate 
that the Micro device performance was consistent in the key parameters of aerosol output at temperatures of 5°C 
and 30°C, which are outside the typical operating range of the Micro device. 

Introduction 

The Micro* is a small, breath-actuated, handheld, and highly efficient aerosol delivery device that provides visual 
feedback to the patient to ensure the correct slow and deep breathing maneuver is performed and to signal the 
end of aerosolization. The Micro device generates aerosol continuously as long as the flow through the 
mouthpiece is above 7 L/min and below 14 L/min; if the flow is outside of these limits, no aerosol is produced to 
ensure optimal drug delivery. We compared the performance of 3 Micro devices at 5 °C and 30 °C to determine 
the susceptibility of the aerosol output performance of the Micro device to high and low temperatures, with a 
salbutamol sulphate solution fill.    

Method  

Three Micro devices (Respironics Respiratory Drug Delivery [UK] Ltd, Chichester, UK) were tested once at 5 °C 
and once at 30 °C with a 300 µL fill of 5 mg/2.5 mL salbutamol sulphate solution (IVAX Pharmaceuticals UK, 
Runcorn, UK), which is the maximum fill volume the device is designed to deliver. For the 5 °C tests, the devices, 
salbutamol sulphate solution, and pipette tips were cooled in a laboratory refrigerator set to 5 °C for at least 2 
hours. Following temperature equilibration, the weight of the Micro device was recorded whilst empty and again 
when filled. A Micro device was connected to a Malvern Spraytec laser diffraction system (Malvern Instruments 
Ltd, Worcestershire, UK) with a custom connector that sealed around the mouthpiece of the Micro. The Malvern 
Spraytec was set up with a 9 L/min shroud air and the extraction flow was set to 10 L/min using a TSI flow meter 
(TSI Instruments Ltd, High Wycombe, UK). The Malvern Spraytec record capture was started before the filled 
Micro device was connected to the other side of the custom connector. The Micro device was run into the Malvern 
Spraytec to completion and the aerosolization time was recorded. The Malvern Spraytec record capture was 
stopped and the Micro device removed, weighed, and cleaned. The Micro device, salbutamol sulphate solution, 
and pipette tips were then placed into a 30 °C laboratory incubator for at least 2 hours before the test was 
repeated. This protocol was repeated with the other 2 Micro devices to determine the delivered dose, output rate, 
and particle size. 

Results 

The dose delivered by the 3 Micro devices was similar both across the 3 devices and the 2 temperatures (Figure 
1), with mean doses of 0.258 and 0.262 g at 5 °C and 30 °C, respectively. These results show that the dosing 
characteristics of salbutamol sulphate from the Micro devices were not affected by operation at these 
temperatures, which are outside the typical operating range of the devices.  
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Figure 1: Gravimetric delivered dose of each of the 3 Micro devices at 5 °C (■) and 30 °C (■). 

The particle size of the aerosol produced by the 3 Micro devices was assessed in terms of volume median 
diameter (VMD) and fine particle fraction (FPF; % <5 µm); the results are shown in Figures 2 and 3, respectively.  

 

 

Figure 2: Volume median diameter (VMD) for each of the 3 Micro devices at 5 °C (■) and 30 °C (■). 

The mean VMD results for the 3 devices were 4.43 µm at 5 °C and 4.52 µm at 30 °C, with a maximum difference 
of 0.36 µm for device 3.  
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Figure 3: Fine particle fraction (FPF; % <5 µm) for each of the 3 Micro devices at 5 °C (■) and 30 °C (■). 

The mean FPF results for the 3 devices were 57.8% at 5 °C and 56.2% at 30 °C, with a maximum difference of 
5.7% for device 3. 
 
 

 

Figure 4: Gravimetric output rate of each of the 3 Micro devices at 5 °C (■) and 30 °C (■). 

 
The output rate was similar across the 3 devices at 30 °C but was noticeably lower and more variable across the 
devices at 5 °C. As the consistency of the delivered dose with both temperatures was similar, the mean 
aerosolization time was higher at 5 °C (39 seconds) than at 30 °C (29 seconds). 
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Discussion 

The delivered dose, VMD, and FPF results were similar across the 3 Micro devices when tested at 2 
temperatures outside the typical operating range (Figures 1-3). This is important as the dose delivered and the 
aerosol particle size (as well as the inhalation flow) are key parameters in ensuring that medication delivery to 
patients results in the desired therapeutic effect 

[1]
. When tested at 5 °C, there was a decrease in the output rate 

across all 3 of the test devices, in comparison with the testing at 30 °C (Figure 4); however, as the delivered dose 
remained consistent with both temperatures (Figure 1), the effect of this was limited to an increased 
aerosolization time at 5 °C. The particle size results reported in this study are comparable to those of previous 
studies in which the Micro device was tested at ambient laboratory conditions within the typical operating 
temperatures

 [2,3]
, suggesting that the Micro can produce comparable results over a range of temperatures. 

Overall, the results show that the key parameters of device performance were unaffected for the Micro devices by 
storage and operation at temperatures above and well below their typical operating range, when tested with a 
salbutamol sulphate solution fill. Furthermore, the short aerosolization times of below 1 minute could be a 
potential advantage of the Micro device. 

Conclusion  

 The delivered dose and VMD particle size results were consistent between the 3 Micro devices tested. 

 The delivered dose and VMD particle size were unchanged with operation at 30 °C or 5 °C 
temperatures. 

 Operation at 5 °C resulted in a lower output rate compared with operation at 30 °C. 

 

* 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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