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Introduction

Intranasal corticosteroids are often used to treat nasal symptoms.

Regional nasal deposition estimates of sprayed corticosteroid droplets are needed to
quantify drug delivery.

® Computational fluid dynamics (CFD) can be used to simulate and quantify airflow and
sprayed particle transport in three-dimensional (3D) reconstructions of the nasal
cavity.

® Many computational fluid dynamics (CFD) studies have shown that inspiratory
airflow affects spray deposition, but most have not included effects from the presence
of a spray nozzle in the nasal vestibule.

The objective of this study was to compare sprayed particle deposition simulated
with and without a spray nozzle in the nasal vestibule.
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® Subject: Healthy 37 year old, 56.7 kg female with no radiological evidence of nasal
abnormalities.

® A 3D model of the main nasal cavity was previously created (Schroeter et al,, 2014)
from a CT scan (0.7-mm resolution) using Mimics™ (Materialise, Inc., Plymouth, MI).

® Using ICEM-CFD™ 15.0 (ANSYS, Canonsburg, PA), a computational mesh of
approximately 4 million tetrahedral elements with 4 0.1-mm-thick layers of prism
elements was created.

Anatomical regions were designated for analysis using ICEM-CFD, including a primary
target site for nasal sprays (posterior nasal valve area and anterior turbinates).

® Anasal spray bottle was CT-scanned, reconstructed in 3D, and used to create a second
version of the left nasal vestibule, distended, with a spray nozzle in position according
to package insert instructions.

® Steady-state, inspiratory airflow and sprayed particle transport were simulated using
Fluent™ 14.0 (ANSYS) under pressure-driven, laminar conditions.
® Steady-state airflow rates were 15.7 and 15.5 L/min, with and without nozzle in
place, respectively.

® Simulated spray parameters were:
® Particle size distribution of 5 to 1,100 pm (Cheng et al,, 2001)
® Spray cone angle = 70° (Cheng et al., 2001)
® Spray speed = 3 or 12.8 m/sec (Foo etal,, 2007; Liu et al., 2011)
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Results
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Conclusions Future Directions References

® Asmall decrease in anterior deposition fraction (DF)
with accompanying slight increases in posterior DFs °
were predicted with a nozzle present over predictions

N positions.
with no nozzle present.

® Differences between results with and without nozzle

® Repeat analysis for right hand side.

Simulate spray deposition for additional nozzle

® Simulate spray deposition in rhinitic individual.
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were decreased with increased spray speed.

® Nozzle presence did not significantly affect regional
particle deposition.
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