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Summary 

The following study investigates and compares the effect of aerosol delivery through three different inhalation 
methods (nose only, mouth only & nose/mouth simultaneously). Typically testing is carried out with inhalation 
through the nose and the mouth simultaneously, however we were interested in discovering whether a larger 
quantity of drug was being inhaled via the mouth, or the nose separately using a mesh nebuliser/adapter 
combination in line with a facemask.  

In this study Albuterol was used as a tracer aerosol to measure the drug delivery to both adult patients, with and 
without asthma. During an asthma attack the muscles around the airways tighten (bronchospasms) and are 
common in patients with asthma. Albuterol is used as a bronchodilator, relaxing the muscles around the airways 
which eases chest tightness 

[3]
.   

An adult head model (LUCY) was used to simulate both normal adult and asthmatic adult breathing patterns. The 
nose and mouth tracheal doses were measured separately by blocking the mouth or nose in order to block any 
aerosol affecting the result. 

Results: On completion of testing it was discovered that as the supplemental gas flow increased, the (%) 

Tracheal dose delivered of the medicinal product decreased. The preferred supplemental gas flow for both normal 
adult and adult with asthma was 2 LPM. The greatest (%) Tracheal dose delivered for a normal adult was the 
mouth inhalation method (39.2% ± 0.498%). The inhalation method for the adult with asthma that gave the 
greatest (%) Tracheal dose recovery was inhalation through the nose (28.305% ± 0.33%) 

Introduction 

Inhalation methods can have a substantial impact when treating a patient. The airflow to the lungs can have an 
impact on the amount of drug inhaled e.g. an increase in inspiratory flowrate causes a decrease in drug 
delivery 

[5]
. The difference between three different inhalation methods (nose only, mouth only and nose/mouth 

simultaneously) was investigated. The intent of this study was to identify the optimal inhalation technique for 
tracheal dose delivery when using a facemask, with an adapter and vibrating mesh nebuliser. Gas flow rates can 
have a substantial impact on aerosol drug delivery 

[1]
, three different supplemental gas flow rates (2, 4 & 6 LPM) 

were tested across two different breathing parameters (normal adult & asthmatic adult) 
[2,4]

. Tracheal dose (%) 
was calculated and statistical analysis was performed to ascertain if there were significant differences between 
the inhalation methods across the matrix of head models and breathing patterns analysed.  

Experimental methods and materials 

A breathing simulator (Ingmar ASL 5000) was used to simulate two different breathing patterns, normal adult 
(15 BPM, Vt 500 mL, I:E 1:1) and asthmatic adult (22 BPM, Vt 290 mL, I:E 1:2). Tracheal dose (%) at each 
supplemental gas flow rate under test (2, 4 and 6 LPM) was recorded (n=3) for each inhalation method/breathing 
pattern combination, which were connected to a breathing simulator via an absolute filter (RespirGard II 303, 
Baxter). 

This study incorporated an adult head model with three different inhalation methods, see Figure 1; (nose only with 
mouth taped closed, mouth only with nose taped closed and nose/mouth simultaneously). A 2.5 mL dose of 
albuterol sulphate (1 mg/mL) was nebulised as a tracer aerosol using a vibrating mesh nebuliser (VMN) (Aerogen 
Solo, Aerogen, Ireland), with an average volume median diameter (VMD) of 4.4 µm, used in combination with the 
Aerogen Ultra adapter for testing with a valved facemask.  

The drug delivery was measured by means of UV Spectroscopy at a wavelength of 276 nm. The (%) Tracheal 
dose recovered was then calculated. Finally, a paired t-test analysis was carried out to determine whether there 
were significant differences between the inhalation methods. 
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Figure 1: Adult head model breathing simulation.  

 

Results 

 

Figure 2: Normal adult breathing simulation recovery results (%) across all supplemental gas flows tested. 

2 LPM  4 LPM 6 LPM 

Nose Inhalation 39.200 34.933 34.324 

Mouth Inhalation 39.200 30.248 33.105 

Unblocked inhalation 34.324 31.086 30.400 
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Figure 3: Asthmatic adult breathing simulation recovery results (%) across all supplemental gas flows tested. 

 

Discussion and Conclusion 

As intended, a particular means of inhalation and a supplemental gas flow could be chosen for maximum 
inhalation for each type of breathing simulation.  

Normal adult (see Figure 1): Based on the results presented, the mouth inhalation & 2 LPM supplemental gas 
flow rate facilitated the highest tracheal dose (39.2% ± 0.498%) for the normal adult breathing pattern. Although 
the mouth inhalation gave the same (%) Tracheal dose recovered as the nose inhalation (39.2%), it had greater 
deviation between results (1.814), making the mouth inhalation the preferred method of inhalation for a normal 
adult. 

Asthmatic adult (see Figure 2): The preferred supplemental gas flow rate that gave the greatest percentage 
Tracheal delivery was 2 LPM. Although the nose and mouth breathing simultaneously (unblocked) gave the 
greatest Tracheal dose recovered (28.838%), it also gave the largest standard deviation (2.441%). The nose 
inhalation however, gave a (%) Tracheal recovery with no significant difference to the unblocked inhalation 
(P=0.386, 28.305%), and with less deviation (0.33%) and is therefore the preferred method of testing for an 
asthmatic adult. Although 2 LPM supplemental gas flow gave the largest (%) Tracheal delivered for asthmatic 
adult (28.305%, 27.467% & 28.838%), it was significantly lower (P=0.009, P=<0.001, P=0.046) than that of a 
normal adult at 2 LPM supplemental gas flow (39.2%, 39.2% & 34.324%). 
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2 LPM 4 LPM 6 LPM 

Nose Inhalation 28.305 24.267 21.410 

Mouth Inhalation 27.467 24.381 20.343 

Unblocked inhalation 28.838 20.152 16.648 
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