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Summary 

The pediatric population has a preference for noninvasive methods of aerosol drug delivery. Nasal cannula and 
facemask are two means of noninvasive ventilatory support. This study investigated the effect of these on aerosol 
delivery to the pediatric patient. 

The feasibility of aerosol delivery in combination with open and closed facemask options with supplemental oxygen 
and also along with nasal cannula in a model of a 4 month old was investigated. Tracheal dose at each supplemental 
oxygen gas flow rate under test (2 and 6 LPM) was recorded in triplicate for each interface type. 

Results: The closed face mask facilitated the highest tracheal dose (19.47 ± 2.60% at 2 LPM) & (14.40 ± 0.41% at 
6 LPM) compared with both the open face mask (10.12 ± 0.86% at 2 LPM) & (6.64 ± 0.21% at 6 LPM) and nasal 
cannula (6.44 ± 0.20% at 2 LPM) & (1.44 ± 0.08% at 6 LPM). 

The feasibility of relatively high levels of aerosol drug delivery in a model of a 4 month old paediatric patient was 
successfully demonstrated. It is evident that closed aerosol delivery systems deliver larger fractions of the aerosol 
past the trachea than the open systems of open facemask and nasal cannula. It is likely that the closed system 
facilitates this improved performance on the basis that there is less aerosol lost through leaks as the supplemental 
oxygen pressurises the system, and during the exhalation phase of the breath. 

Introduction 

Aerosol delivery to infants is extremely challenging due to their low tidal volume, vital capacity, functional residual 
capacity and short respiratory cycles (low I:E ratio), which result in a low level of aerosol delivery and drug 
deposition 

[1, 2]
 . Selection of nebuliser type can have a substantial impact when treating a patient, previous studies 

have shown that the vibrating mesh nebuliser delivers more aerosol than the conventional jet nebuliser 
[3]

. 
We investigated aerosol delivery from a vibrating mesh nebuliser in combination with three noninvasive ventilation 
interfaces with a 4 month old pediatric model in line with a breathing simulator generating the infant breath. 
Noninvasive interfaces are widely used, but comprise of a myriad of options including facemasks and the increasingly 
common nasal cannula option. Both nasal cannula and facemask (open and closed) are means of providing 
noninvasive aerosol drug delivery in the pediatric population. The objective of this study was to investigate the effect 
of three noninvasive interfaces (nasal cannula, open and closed face mask) on aerosol delivery to the pediatric 
patient. Further, supplemental oxygen is often delivered to paediatric patients. Gas flow rate has previously been 
shown to affect aerosol delivery rates 

[4]
. Two gas flow rates were tested (2 & 6 LPM) for each of the three interfaces 

mentioned previously and tracheal dose (%) was calculated. 

Materials and methods 

Aerosol delivery performance was evaluated by characterising the Tracheal Dose [drug delivered beyond the 
trachea]. This study incorporated three different noninvasive ventilation interfaces indicated for use in the pediatric 
population, see Figure 1; (C) Open Nebulising mask (MedSource, MS-25083), (D) Closed infant resuscitation mask 
(RD805, Fisher & Paykel), and (E) Junior nasal cannula (Optiflow™ OPT314, Fisher & Paykel). A 2.0 mL dose of 
albuterol sulphate (2 mg/mL) was nebulised as a tracer aerosol using a vibrating mesh nebuliser (VMN) (Aerogen 
Solo, Aerogen, Ireland), with an average volume mean diameter (VMD) of 3.48 µm and aerosol flow rate of 
0.34 mL/min (measured using the Malvern Spraytec). The VMN was used in combination with the Aerogen Ultra 
adapter (B) for testing with both open and closed face masks. The VMN nebuliser was placed on the dry side of the 
humidifier in-line with the Fisher & Paykel Optiflow System for testing with the nasal cannula.  

Tracheal dose at each supplemental oxygen gas flow rate under test (2 and 6 LPM) was recorded (n=3) for each of 
the three different types of patient interfaces. All patient interfaces were positioned on the RONAN pediatric airway 
model (A), which was connected to a breathing simulator (Ingmar ASL 5000) via an absolute filter (RespirGard II 303, 
Baxter). The closed facemask was placed over the nose only. The breathing simulator was used to generate the 
infant breath (BPM 30, Vt 50 mL, I:E 1:3,). At the end of each dose the drug was extracted and quantified using UV 
spectrophotometry (at 276 nm). The mass of drug eluted from the filters was determined using spectrophotometry and 
interpolation on a standard curve of albuterol sulphate concentrations (200 µg/mL to 3.125 µg/mL). Results were 
expressed as the percentage of the nominal dose placed in the nebuliser’s medication cup that was delivered beyond 
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the trachea. Finally, a paired t-test analysis was carried out to determine whether there were significant differences 
between the patient interfaces. 

 

Figure 1 - RONAN Newborn Airway Model (A), Aerogen Ultra in Combination with a VMN (B) and Three Non-invasive 
Ventilation Interfaces (C, D and E) Tested for Tracheal Dose (%) 

Results and discussion 

Gas flow rate 
(LPM) 

Open face mask Closed face mask Nasal Cannula 

Average (%) SD Average (%) SD Average (%) SD 

2 10.12 0.86 19.47 2.60 6.44 0.20 

6 6.64 0.21 14.40 0.41 1.14 0.08 

Table 1 – Tracheal dose (%) [n=3] with  Different Non-invasive Patient Interfaces with the RONAN Model using the ASL 
5000 under Normal Infant Breathing Parameters with a 2 mL Dose of 2 mg/mL Albuterol Sulphate with 
Supplemental Gas Flow Rates of 2 and 6 LPM. 

 

 

 

Figure 2 - Illustration of Tracheal Dose (%) Performance for the Three Non-invasive Ventilation Interfaces at Two Gas Flow 
Rates. (P-values included from paired t-test analysis) 
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Based on the results presented, the closed face mask facilitated the highest tracheal dose (19.47 ± 2.60% at 2 LPM) 
& (14.40 ± 0.41% at 6 LPM) compared with both the open face mask (10.12 ± 0.86% at 2 LPM) & (6.64 ± 0.21% at 
6 LPM) and nasal cannula (6.44 ± 0.20% at 2 LPM) & (1.44 ± 0.08% at 6 LPM). 

Paired t-test results for the open face mask and the closed face mask at 2 & 6 LPM both indicate that the mean 
tracheal dose between these two noninvasive ventilation interfaces are significantly different as the (P-values < 0.05), 
(P = 0.012) at 2 LPM and (P = 0.001) at 6 LPM.  

Paired t-test results for the closed face mask and the nasal cannula at 2 & 6 LPM also indicate that the mean tracheal 
dose between these two noninvasive ventilation interfaces are significantly different as the (P-values < 0.05), 
(P = 0.014) at 2 LPM and (P = 0.001) at 6 LPM. 

Conclusion 

Following the suite of testing described above, we have successfully demonstrated the feasibility of relatively high 
levels of aerosol drug delivery in a model of a 4 month old paediatric patient. Considering the results above it is 
evident that closed aerosol delivery systems deliver larger fractions of the aerosol past the trachea than the open 
systems of open facemask and nasal cannula. It is likely that the closed system facilitates this improved performance 
on the basis that there is less aerosol lost through leaks as the supplemental oxygen pressurises the system, and 
during the exhalation phase of the breath. 
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