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Summary 

This study investigates the effect of breathing profile on aerosol delivery during Nasal High Flow therapy (NHF). 
NHF is increasingly used across a variety of patient populations. It has the potential for use for the delivery of 
bronchodilators and hypertonic saline to the airways. Previously the effect of gas flow rate on aerosol delivery has 
only been assessed using models of a healthy adult. Here we investigate the effect on aerosol delivery efficiency 
when simulated for both healthy and Cystic Fibrosis (CF). In this study, Albuterol sulphate was aerosolised as a 
surrogate for hypertonic saline solution. Respiratory exacerbations are a persistent recurring effect in CF. In CF 
patients’ lungs, epithelial cells produce a thick mucus that clogs the airways and cannot be moved easily. This 
thick secretion gets stuck in the lungs causing breathing difficulties and also leads to infections. Inhalation of 
hypertonic saline solution draws water into the mucus, making it easier to clear. We found here, that there is a 
9.5-fold difference in efficiency between the minimum and maximum airflow under investigation for CF sufferers, 
with the lower airflow facilitating greater aerosol delivery. This could have substantial implications on patient care, 
as delivery of hypertonic saline at low gas flow rates could mean a highly efficient yet comfortable means of 
administration. 

 

Introduction 

The use of nasal high flow as a means of lung targeted aerosol delivery, at different humidified gas flow rates, to 
both healthy and CF adults, was investigated. Using Albuterol sulphate as a tracer for hypertonic saline, we 
sought to investigate the feasibility of aerosol delivery during simulated CF breathing. This was carried out 
through characterisation of aerosol delivered beyond the trachea in an adult head model simulating both adult 
healthy and CF breathing patterns, over three different gas flow rates (10, 30 and 45 LPM). 

 

Experimental Methods/ Materials  

Two adult breathing patterns were evaluated using the Ingmar ASL 5000 breathing apparatus to simulate both a 
healthy adult (15 BPM, Vt 500ML, I/E 1:1)

 [1]
 and a Cystic Fibrosis adult (22 BPM, Vt 525ML, I/E 1:4)

 [2]
 

Adult high flow nasal cannula (Optiflowᵀᴹ, Fisher and Paykel) were attached to a humidifier (MR850ᵀᴹ, Fisher and 
Paykel) set at 37ºC. 2.0 ml of Albuterol sulphate (2 mg/ml) was nebulized using a vibrating mesh nebuliser (VMN) 
(Aerogen Solo, Aerogen, Ireland) with an average mass median aerodynamic diameter (MMAD) of 4.5 µm 
(measured using the Apparatus E/5 impactor). 

Tracheal Dose (dose delivered beyond the trachea) at each gas flow rate under test (10, 30 and 45 LPM) was 
recorded using an absolute filter (Respirgard 303, Baxter) distal to the LUCY adult airway model (n=3), see 
Figure 1. 

The mass of drug eluted from the filters was determined using UV spectroscopy (at 276 nm) and interpolation on 
a standard curve of Albuterol Sulphate concentrations (200 µg/mL to 3.125 µg/mL) 
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Figure 1 – Tracheal Dose Test Setup 

 

Results 

The results of testing are presented in Table 1. Time to delivery of the 2.0 ml dose of albuterol sulphate was 
recorded at approximately 4.5 minutes for each run. Results are expressed as a percentage of the nominal dose 
placed in the nebuliser medication cup. 

Gas Flow 
Rate 

(LPM) 

 

Healthy Adult CF Adult P-value between the 
‘mean’ of healthy adult 
and CF adult at each 

flow rate 

Mean 
Tracheal 
Dose (%) 

SD Mean 
Tracheal 
Dose (%) 

SD 

10 21.64 0.29 13.96 0.18 <0.001 

30 14.05 1.36 9.47 0.30 <0.029 

45 4.73 0.48 1.47 0.04 <0.007 

 

Table 2 – Tracheal Dose in Both Healthy and CF Adult. 

(SD=Standard Deviation) (n=3) 
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Figure 2 – Mean Tracheal Dose in Both Healthy and CF Adult at 10, 30 and 45 LPM Gas Flow Rates.  

 

Discussion and Conclusion 

As illustrated in Figure 2, lower gas flow rates correspond with more efficient drug delivery though the LUCY adult 
airway model in a humidified nasal high flow therapy setup for both healthy and CF adult patients. 

This increased efficiency at lower gas flow rates may be explained by the likely concurrent laminar flow. The 
higher the gas flow rate, the less efficient the drug delivery, as at higher gas flows there is the potential for 
turbulent airflow within the circuit and also in the upper airways of the head model. This turbulent airflow is likely 
responsible for particle collisions, resulting in loss of drug prior to deposition in the lower airways. It could also be 
said that at higher gas flow rates the increase in deposition through inertial impaction may cause a reduction 
inefficiency.  

A near 4.5-fold difference was observed between maximum and minimum gas flow rates for a healthy adult and a 
9.5-fold difference was observed between maximum and minimum gas flow rates for a CF adult. 

Furthermore, from the results of a paired t-test also performed at gas flow rates of 10, 30 and 45 LPM for both 
healthy and CF adults, the p-value of 0.001, 0.029 and 0.007 respectively, indicates that there is a significant 
difference between the respirable dose for both adult breath profile types. 

It may be concluded from this study that delivery of hypertonic saline to CF adults at low gas flow rates via NHF 
therapy is feasible but the ultimate efficiency of aerosol delivery is dependent on the gas flow rate.  

References 

1
 Hart N, Polkey MI, Clément A, Boulé M, Moxham J, Lofaso F, Fauroux B. Changes in pulmonary mechanics 

with increasing disease severity in children and young adults with cystic fibrosis. Am J Respir Crit Care Med 
2002; 166:61-66. 

2
 Tiddens HAWM, Koopman LP, Lambert RK, Elliott WM, Hop WCJ, van der Mark TW,.. Cartilaginous airway 

wall dimensions and airway resistance in cystic fibrosis lungs. Eur Respir J 2000; 15:735-742. 

 

 


