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Summary 

High Flow nasal therapy (HFNT) is an increasingly adopted means of ventilatory support. This study evaluated the 
consistency of aerosol delivery facilitated by two market leading HFNT systems. 

This comparison of two HFNT systems (Teleflex Hudson RCI Neptune™ and Fisher & Paykel Airvo 2) was 
completed by assessing the tracheal dose of albuterol sulphate (2mg/ml) under simulated adult breathing settings 
at 10 and 60LPM high flow gas flow rates. Adult high flow nasal cannula were positioned on a previously described 
adult head model (LUCY), which was connected to a breathing simulator (Ingmar ASL 5000), using a standard adult 
breathing pattern (15 BPM, Vt 500 mL, I:E 1:1). Tracheal dose was characterised by quantifying the mass of drug 
captured on a filter positioned distal to the model oropharyngeal region, as a predictor of aerosol that could 
potentially reach the lung.  

At 10LPM, the range in tracheal dose recorded across both systems was 21.00 – 21.35%. At 60LPM, the range in 
tracheal dose recorded was 1.00 – 2.15%. Consistent with previous reports, higher gas flow rates were associated 
with reduced efficiency of aerosol delivery. At 10LPM, no significant difference was observed in the mean tracheal 
dose between the two systems. At 60LPM, paired t-test results indicate that the nominal difference in mean tracheal 
dose between the two humidification systems is quite low, it is nevertheless statistically significant (P = 0.027).  

This study has demonstrated that for the systems under test, similar levels of aerosol delivery can be achieved 
during simulated HFNT. 

Introduction 

Humidification during HFNT is essential for proper function of the epithelial lining and is an accepted standard of 
care. Without humidification, unidirectional inspiratory nasal airflow, may lead to the drying of mucosa and the 
release of inflammation mediators [1]. Aerosols have been reported to be efficiently delivered through HFNT 
systems. However, at high flow rates, the amount of aerosol delivered is reported to be low [2].  

Heretofore, aerosol delivery performance across different high flow systems has not been reported. Considering 
this, the objective of this study was to evaluate aerosol delivery using a vibrating mesh nebuliser (Aerogen Solo, 
Aerogen, Ireland) across two market leading high flow systems during simulated adult breathing.  

Materials and Methods 

Aerosol delivery performance was evaluated by characterising the tracheal dose in a head model of a 
spontaneously breathing adult. Tracheal dose was characterised by quantifying the mass of drug captured on a 
filter positioned distal to the model oropharyngeal region, as a predictor of aerosol that could potentially reach the 
lung. Tracheal dose at each gas flow rate under test (10 and 60LPM) was recorded (n=3) for each of the two High 
Flow Therapy systems (Teleflex Hudson RCI™ and Fisher & Paykel Airvo 2). The Airvo 2 system features a 
humidifier with an integrated flow source and was used in conjunction with the bespoke nebuliser adapter with an 
adult nasal cannula (Optiflow™ OPT544, Fisher & Paykel). The Teleflex Hudson RCI humidifier requires a 
supplemental gas flow and was used in conjunction with an adult nasal cannula (Comfort Flo Plus, Teleflex).  

Adult high flow nasal cannula were positioned on a previously described adult head model (LUCY) in accordance 
with manufacturers’ instructions. The head model was connected to a breathing simulator (Ingmar ASL 5000) via 
an absolute filter (RespirGard II 303, Baxter), using a standard adult breathing pattern; (15 BPM, Vt 500 mL, I:E 
1:1). A 2 mL dose of albuterol sulphate (2 mg/mL) was nebulised using a vibrating mesh nebuliser (Aerogen Solo, 
Aerogen, Ireland). The nebuliser performance characteristics were as follows; average droplet size (volumetric 
mean diameter) 4.49 µm and an aerosol output rate of 0.42 mL/min (measured using the Malvern Spraytec). The 
Aerogen Solo nebuliser and standard t-Piece were positioned at the patient side of the humidifier when used in 
combination with the Teleflex Hudson RCI system.  

At the end of each dose, the drug captured on a filter positioned distal to the model oropharyngeal region was 
extracted and quantified by means of UV spectroscopy at a wavelength of 276 nm. Results were expressed as the 
percentage of the nominal dose placed in the nebuliser’s medication cup. A paired t-test analysis was carried out 
to determine whether there were significant differences in tracheal dose between the humidification systems.  
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Figure 1 – Illustration of test set-up employed.  Adult high flow nasal cannula were positioned on the LUCY adult head 
model, which was connected to a breathing simulator (Ingmar ASL 5000) via an absolute filter (RespirGard II 303, Baxter). 
The Aerogen Solo nebuliser and standard t-Piece were positioned at the wet side of the humidifier. 

 

 

 

 

Results 

 

Litres Per 
Minute 

% Tracheal dose 
(Airvo 2) 

% Tracheal dose 
(Teleflex Hudson 

RCI) 
 

P-value 

10 21.00 ± 0.56 21.35 ± 0.23 
 

0.282 

60 1.00 ± 0.20 2.15 ± 0.13 
 

0.027 

P-value 0.000 
 

0.000  

 
Table 1 – Average ± Standard Deviation values of % tracheal dose for High Flow nasal therapy testing with the Teleflex 
Hudson RCI humidifier and the Fisher & Paykel Airvo 2 at 10 and 60LPM. Significance was determined at < 0.05. 
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Figure 2 – Illustration of tracheal dose (%) performance when the Aerogen Solo was used in conjunction with two 

humidification systems (Teleflex Hudson RCI and Fisher & Paykel Airvo 2) at 10LPM and 60LPM. P-values are included 

from paired t-test analysis. 
 

 
Simulated HFNT was assessed for an adult patient at 10 and 60LPM. Increasing gas flow rates were associated 
with reduced aerosol delivery with 21.35% at 10LPM and 2.15% at 60LPM for the Teleflex humidifier and 21.00% 
at 10LPM and 1.00% at 60LPM for the Fisher & Paykel Airvo 2 humidifier.  
 

At 10LPM, paired t-test results show no significant difference in the mean tracheal dose between the Teleflex and 
Airvo 2 systems. At 60LPM, paired t-test results indicate that the mean tracheal dose between the two humidifier 
systems is significantly different as the (P-value < 0.05), (P = 0.027). 

 
 
Discussion and Conclusion 
 
Higher gas flow rates were associated with reduced efficiency of aerosol delivery with 21.35% at 10LPM and 2.15% 
at 60LPM for the Teleflex humidifier and 21.00% at 10LPM and 1.00% at 60LPM for the Fisher and Paykel Airvo 2 
humidifier. MacLoughlin et al (2013) previously reported that higher flow rates are associated with reduced efficiency 
of drug delivery through an adult HFNT system [3]. 

The mean tracheal dose (%) was compared between the two humidification systems. At 10LPM, no significant 
difference was observed in the mean tracheal dose. At 60LPM, paired t-test results indicate that the mean tracheal 
dose between the two humidifier systems is significantly different. Statistical differences in aerosol delivery may be 
caused by features of system design including tubing diameter, a smooth or corrugated bore, temperature and point 
of entry of aerosol into humidified/ non-humidified air.  

HFNT is an increasingly adopted means of ventilatory support in patients [2]. This study demonstrates similar levels 
of aerosol delivery across two humidification systems during simulated HFNT via a vibrating mesh nebuliser, 
however, small, but significant differences exist. 
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