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Summary 

 

The onset of symptoms related to a heterogeneous group of respiratory diseases termed Chronic Lung Disease 
of Infancy can take place from birth, and may require treatment with inhaled medication.  The most suitable 
patient interface is a facemask for this group of patients.  Dead-space within the facemask should ideally be 
minimized to avoid re-breathing as well as loss of medication by deposition within the facemask and on the face 
with this population, whose inhaled volume when tidal breathing can be ≤ 50 mL.   Infant facial anatomy is very 
different from that of older children and it is therefore insufficient to merely rely on scaled down versions of adult 
masks A prototype nasal mask has been developed by Trudell Medical International to address this currently 
unmet need.  A proof-of-concept laboratory study was undertaken delivering one actuation of pMDI-delivered 
salbutamol via an AeroChamber mini* aerosol chamber (AC), equipped with nasal mask that was applied to the 
nose of the ADAM-III infant face and nasopharyngeal airway model either with light or heavy force of 0.8 kg (7.8 
N) and 1.6 kg (15.6 N) respectively. Tidal breathing was simulated (tidal volume = 50 mL; duty cycle = 25%, 
respiration rate = 30 cycles/min).  Approximately 5 µg/actuation (ca. 5% label claim dose) was able to be 
delivered using either applied force, representing potential medication delivery to the carina.  This level is of the 
same order as in previously reported clinical evaluations for pMDI-delivered medications, although to infants with 
significant airway obstruction. 
 
* Trademark of Trudell Medical International and Monaghan Medical Corporation 
 
Introduction 
      

The onset of symptoms related to a heterogeneous group of respiratory diseases termed Chronic Lung Disease 
of Infancy can take place from birth [1], and may require treatment with inhaled medication [2].  The most suitable 
patient interface is a facemask for this group of patients [3].  Dead-space within the facemask should ideally be 
minimized to avoid re-breathing as well as loss of medication by deposition within the facemask and on the face 
with this population, whose inhaled volume when tidal breathing can be ≤ 25 mL [4].   
 
It is important to recognize the specific patient needs when designing facemasks.  This is particularly relevant for 
infants and it is insufficient to merely rely on scaled down versions of adult masks [5].   As this population is, in 
general, obligate nasal breathing [6, 7], we have developed a proprietary prototype nasal mask intended for use 
by infants that does not obstruct their exhalation. It can be applied to the nose without interference with the 
mouth, and provides an effective mask to face seal. 

 

 

 
 
Figure 1: Prototype Nasal Mask with AeroChamber mini* AC 
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Materials and Methods 

 
The prototype Nasal Mask (Trudell Medical International, London, Ontario, Canada) was evaluated in 
conjunction with the small volume AeroChamber mini

*
 AC as proof of concept (Figure 1) for the delivery of 

pMDI-delivered salbutamol (albuterol) using the Aerosol Delivery to Anatomical Model (ADAM-III) 7-month old 
infant face [8] and nasopharyngeal airway replica [9] (Figure 2).  The AeroChamber mini* AC is an anti-static 
design.  The 110 mL chamber into which the pMDI actuator is inserted into the receptacle acts as the plume 
expansion chamber. The proprietary exhalation channel eliminates the mixing of aerosol with exhaled air and 
undesirable re-breathing.   
 
The model face has proprietary soft tissue simulation in terms of its mechanical properties to deformation from 
an externally-applied force and subsequent reformation when that force is removed (e.g. coefficient of 
restitution), including the use of an artificial layer simulating the skin surface.  The replica also incorporates an 
anatomically correct upper airway [10].  As such, it has the potential to be used as a standard for testing, in 
vitro, the potential for delivery of medication to the carina and therefore the lower respiratory tract.  The model 

has been shown to provide similar measures of delivered mass for salbutamol as determined clinically for 
infant patients with obstructive airways by Tal et al. [11] 
 
 
Materials and Methods 

 
The prototype Nasal Mask was evaluated using an ASL 5000 breathing simulator (IngMar Medical, Pittsburgh, 
PA, USA), mimicking infant tidal breathing (tidal volume = 50 mL; duty cycle = 25%, respiration rate = 30 
cycles/min).  The mask was applied to the model face either with light or heavy force of 0.8 kg (7.8 N) and 1.6 
kg (15.6 N) respectively, deemed within the range of force likely to be encountered clinically with infants who 
are the intended users of the device (12).  The inhalation flow rate entering the AC was comparable with that 
exiting the model sampling at a constant flow rate of 1.7 L/min before connecting the model to the breathing 
simulator, thus providing assurance of facemask-to-face seal integrity.  One actuation of salbutamol (100 
µg/actuation as salbutamol base equivalent ex metering valve (GSK plc)) was delivered to the AC at the start 
of inhalation, inserting the canister into the receptacle provided after priming and actuating three doses to 
waste thereby ensuring that the delivered dose to the model was representative.  The delivered aerosol was 
sampled for three complete respiratory cycles following pMDI actuation (1-actuation delivered at the onset of 
the first inhalation). An electret filter located at the distal exit of the nasopharynx collected the aerosol, and the 
salbutamol content was assayed by HPLC-UV spectrophotometry using an internally validated procedure.   
 
 
Results 

 
The resulting data from these measurements are provided in Table 1.    Standard deviations are not reported 
because the number of replicates/applied force condition were too small for meaningful data on variability to be 
obtained.  However, for the data at 7.8 N applied force (the more likely condition of use); coefficients of 
variation were within ±20% of the mean values of total delivered mass to the carina. 
 
 
Table 1.  Delivery of Salbutamol from an AeroChamber mini AC equipped with Prototype Nasal Mask 
 

Applied Force 
(N) 

Mean Delivered Mass Recovered by 
a filter distal to the ADAM-III model 

nasopharynx* (µg/actuation) 

 
7.8 (n = 3 replicates) 

 
5.1 

 
15.6 (n = 2 replicates) 

 
4.7 

 
* This measure approximates to likely medication availability at the carina of an infant. 

 
 
Approximately 5 µg/actuation of salbutamol (ca. 5% label claim dose) was able to be delivered with either 
applied force to the face, representing potential medication delivery to the carina. This level is of the same 
order as previously reported clinical evaluations for pMDI-delivered medications to infants [11]. 
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Figure 2: ADAM-III Infant Model Face and Nasopharyngeal Airway 
 

 
Conclusions 
 

The prototype nasal mask when used with the AeroChamber mini* AC in this proof-of-concept experiment was 
able to deliver medication effectively to the distal end of the nasopharyngeal airway of the ADAM-III infant face 
model.  Delivery values determined were in the same order as those previously reported from a clinical setting.  
This nasal mask therefore allows the infant patient to have medication delivered whislt leaving the mouth 
unobstructed.  
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