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Summary 

Rapid delivery of inhaled treatment is a desirable attribute of most aerosol inhalation devices. We aimed to 
compare the delivered dose output rate of production equivalent InnoSpire Go nebulizers with an existing mesh 
nebulizer using 2 drugs at their respective fill volumes with an adult breathing pattern, and to establish typical 
treatment times with each volume of drug. Three of each nebulizer brand (InnoSpire Go, and MicroAir U22) were 
tested in triplicate delivering 2.5 mL of 5 mg/2.5 mL salbutamol sulphate and 2 mL of 0.5 mg/2 mL ipratropium 
bromide to a filter with a breathing simulator set with an adult breathing pattern (500 mL tidal volume, 
1:1 inhalation:exhalation ratio, 15 breaths per minute). At treatment completion, elutions from filters and 
nebulizers were analyzed by high performance liquid chromatography. Delivered dose output rates to filter for the 
InnoSpire Go were 0.511 mg/min and 0.063 mg/min for salbutamol sulphate and ipratropium bromide, 
respectively, and 0.256 and 0.038 mL/min, respectively, for the MicroAir U22. Residual volumes were 0.02 mL 
and 0.01 mL, respectively, for the InnoSpire Go nebulizer, compared with 0.27 and 0.24 mL, respectively, for the 
MicroAir U22 nebulizer. Treatment times were 4.7 minutes and 3.7 minutes, respectively, for the InnoSpire Go 
nebulizer and 7.0 and 4.6 minutes, respectively, for the MicroAir U22. The dose delivery rates, residual volumes, 
output to filters, and treatment times found using the InnoSpire Go nebulizer compared favourably with the other 
mesh nebulizer. Aerosol particle size output also needs to be assessed to determine overall delivery efficiency. 

Introduction 

The InnoSpire Go nebulizer has been developed to rapidly deliver drugs commonly used to treat asthma and 
chronic obstructive pulmonary disease (COPD). Rapid delivery of inhaled treatment is a desirable attribute of 
most aerosol inhalation devices, and as mesh nebulizer design is improved it is expected that the time taken to 
deliver an aerosol treatment will reduce. In this study, we aimed to compare the delivered dose output rate and 
treatment time of production equivalent InnoSpire Go mesh nebulizers with those of an existing model of mesh 
nebulizer currently used to deliver asthma and COPD drugs to patients. The nebulizers were tested with a 
simulated adult breathing pattern and 2 different drugs with different fill volumes. 

Methods 

Prior to testing, the nebulizers (Table 1) were disassembled, washed in warm soapy water, rinsed, and air-dried. 
All equipment and solutions/reagents were stabilized to ambient laboratory conditions at least 2 hours before use 
(22-24 °C, 1000-1028 mbar atmospheric pressure, and 47-55% relative humidity).  

Table 1. The nebulizers and fill volumes of drugs tested. 

 InnoSpire Go (production equivalent; 
Respironics Respiratory Drug Delivery 

[UK] Ltd, Chichester, UK) 

MicroAir U22 (Omron 
Healthcare, Kyoto, 

Japan) 

  

Fill volume of salbutamol sulphate 
(Salamol; IVAX Pharmaceuticals, 
Castleford, UK) 

2.5 mL of 
5 mg/2.5 mL 

2.5 mL of 
5 mg/2.5 mL 

Fill volume of ipratropium bromide 
(Atrovent; Boehringer Ingelheim 
GmbH, Ingelheim, Germany) 

2 mL of 
0.5 mg/2 mL 

2 mL of 
0.5 mg/2 mL 

 

An InnoSpire Go nebulizer was weighed before and after being filled with approximately 2.5 mL of salbutamol 
sulphate from the respule. The nebulizer was connected to a Harvard respirator (Harvard Apparatus, Harvard 
College, Holliston, MA) via a filter (3M, St. Paul, MN) and 22 mm connector (Intersurgical Ltd, Wokingham, UK), 
all housed within a fume cabinet so that aerosol emitted during the exhalation phase was not inhaled by 
laboratory personnel. The breathing simulator was set to produce an adult breathing pattern (tidal volume = 500 
mL, inhalation:exhalation ratio = 1:1, breaths per minute = 15). The nebulizer mouthpiece was connected to the 
filter and sealed with parafilm. End of treatment was indicated by audible and visual signals for Innospire Go 
nebulizer, and by visual assessment of cessation of aerosol exiting the nebulizer during exhalation for the 
MicroAir U22 nebulizer.  
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 Treatment time was assessed using a timer, at the end of treatment the nebulizer and filters were eluted with 
suitable volumes of assay diluent and analyzed by HPLC. The nebulizer was washed in warm soapy water, 
rinsed, and air-dried. The test was performed in triplicate with the nebulizer, and then performed in triplicate with 
the other 2 InnoSpire Go nebulizers. The test was repeated in triplicate with the 3 InnoSpire Go nebulizers with 
ipratropium bromide, and then with the MicroAir U22 nebulizers with both drugs. The results were reported as; 

 delivered dose output rate (total drug deposited onto the inhalation filters divided by the treatment time 
in minutes),  

 residual volume (volume left in the medication cup after treatment completion), 

 total output to filter (amount of drug deposited onto the filters), 

 nebulizer deposition (amount of drug recovered from the nebulizer [excluding the medication cup] after 
treatment completion),  

 treatment time. 

 

Results 

 

Figure 1 - Mean delivered dose output rate for each nebulizer when tested with 2.5 mL salbutamol sulphate ( ) and 

2 mL ipratropium bromide ( ). Error bars show 1 standard deviation about the mean.  

Table 2. Mean total output to filter, residual volume, and nebulizer deposition for each of the nebulizer and drug 
combinations, shown with ±1 standard deviation about the mean. 

 InnoSpire Go  
(production equivalent) 

MicroAir U22 

2.5 mL 
salbutamol 
sulphate 

2 mL 
ipratropium 

bromide 

2.5 mL 
salbutamol 
sulphate 

2 mL 
ipratropium 

bromide 

Total output to filter (mg) 2.370  
(± 0.061) 

0.234  
(± 0.005) 

1.694  
(± 0.096) 

0.171  
(± 0.008) 

Residual volume (mL) 0.016 
(±0.005) 

0.012  
(±0.004) 

0.270 
(±0.027) 

0.240  
(±0.016) 

Nebulizer deposition (mg) 0.694  
(± 0.078) 

0.068  
(± 0.008) 

0.402  
(± 0.076) 

0.046  
(± 0.013) 
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Figure 2 - Mean treatment time for each nebulizer when tested with 2.5 mL salbutamol sulphate ( ) and 2 mL 

ipratropium bromide ( ). Error bars show 1 standard deviation about the mean. 

 

The fastest delivered dose output rate for both drugs (Figure 1) and lowest residual volume (Table 2) were found 
with the InnoSpire Go nebulizer. Delivered dose output rate was 100% faster for the InnoSpire Go nebulizer 
compared with the MicroAir U22 nebulizer when tested with salbutamol sulphate and 65% when tested with 
ipratropium bromide (Figure 1). Consequently treatment time was shortest for the InnoSpire Go nebulizer (Figure 
2). Total output to filter was higher for the InnoSpire Go nebulizer, but combined residual volume and nebulizer 
deposition was lower for the InnoSpire Go nebulizer (Table 2).  

Discussion 

The InnoSpire Go nebulizer produced the fastest delivered dose output rates, lowest residual volume, shortest 
treatment times, and the largest total output to filter. These data indicate that the InnoSpire Go nebulizer can 
deliver these drugs rapidly. Short treatment times may be a deciding factor for patients selecting an inhalation 
device,

 [1,2]
 the treatment times from these mesh nebulizers were not as long as those found with conventional jet 

nebulizers,
 [3,4]

 and continued improvement in mesh devices by reducing treatment time may reduce the 
perception of treatment time as a negative factor when comparing treatment via nebulizer with that of an inhaler 
device.

 
Although rapid and efficient dose delivery are desirable characteristics of aerosol treatment the overall 

efficiency of a nebulizer cannot be assessed without reference to the particle size distribution of the aerosol 
output, as this determines the efficiency of delivery into the lungs, and is approximated by the respirable dose.

 [5]
 

Conclusions 

When tested for the rate of dose delivery into simulated adult breathing using two solution based drugs the 
performance of the InnoSpire Go nebulizer compared favourably with another popular model of mesh nebulizer, 
with a rapid dose delivery rate, low residual, high output to filter, and short treatment time. In order to determine 
the overall aerosol delivery efficiency of the InnoSpire Go nebulizer further tests need to be conducted into 
aerosol particle size output to determine the respirable dose output rate. 
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