Towards Standardized In Vitro Evaluation of Nasal Drug Deposition:
An Analysis of Nasal Cast Methodologies and Implications for Pharmacopoeial Guidance: An IPAC-RS Viewpoint
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INTRODUCTION STATE OF THE ART

Nasal.drug delivery Qﬁers a versatile r.oute for therapy, .inCIuding.topi.CaI treatments, S_YSt_emiC de.livery and direct nose-to-brgin A literature review indicates that differences in model selection, segmentation strategies, and administration protocols
targeting. Novel devices and formulations enable precise targeting in the nasal cavity, increasing the need to understanding introduce deposition site variation. A summary of the factors that drive variability is shown in Figure 1. Such factors mean that
regional deposition. Current regulatory guidance focuses on emitted dose, droplet size, spray pattern and plume geometry reported deposition values may reflect experimental design rather than product performance.

which ensure product quality and consistency but don’t consider where drug deposition occurs, a critical parameter for certain
therapies. In vitro nasal casts and CFD models have been adopted to enable investigation of deposition patterns and

influencing factors, however, approaches are inconsistent and can lack clarity regarding validation techniques. Device Formulation Anatomical
Characteristics Properties Variability
This work evaluates current methodologies, identifies gaps, and proposes a path toward harmonisation through non-
mandatory pharmacopoeial guidance. Spray velocity and plume Viscosity and droplet size affect Nozzle angle and insertion Differences across age groups,
geometry determine initial penetration and retention, with depth can significantly alter disease states, and breathing
droplet trajectories [1]. particle sizes of 10-30 um deposition [3]. conditions further complicate
generally associated with turbinate interpretation [4].

deposition [2].

CRITICAL CONSIDERATIONS IN CURRENT APPROACHES

ANATOMICAL MODEL SELECTION KEY CHALLENGE

Despite these insights, methodological inconsistency limits cross-study comparability and broader application.
Patient-specific models provide high anatomical fidelity but are challenging for routine testing. Averaged nasal casts, P J J y y P y PP

constructed via geometric averaging or morphing of multiple CT or MRI images, preserve anatomical features while
representing a population mean. In contrast, idealised nasal casts prioritise reproducibility via simplified geometries Contact Surfaces Coating Agents
which normalise patient variability while representing key functional regions [5,6,7,8,] Averaged models are suited to
mechanistic and clinically relevant studies, whereas idealised models offer advantages for routine testing [9]

CFD Environment Humidity
CAST DESIGN >— Data Source
CT/MRI Pre-heated Cast?

Temperature

Nasal casts vary widely in geometry and segmentation, ranging from simple anterior/posterior divisions to detailed

_ _ : ) : _ _ Chemical Compatibility i
regional mapping. A lack of standardised segmentation complicates interpretation. >_ Materials Nozzle Insertion Depth
Flexibility/Rigidity Testing Conditions Administration Nozzle Angle
POPULATION REPRESENTATION Leakage Masol Cast Angle
Nasal cast selection should consider patient population and how this impacts anatomy, for example, differences Anatomic or ldealised Gravimetric
between paediatric and adult populations [10,11,12,13]. Disease states further alter airway geometry, impacting
airflow and deposition patterns [14]. No consensus exists on how population and intrasubject variability should Analytical Technique Measurement Colorimetric
be incorporated into in vitro testing. Administration Method .
: Imaging
Segmentation OptlI'I'ILIITI
Mechanical Constraints Nasal Air Flow / No Air Flow Flow Rate
In vitro deposition is sensitive to administration parameters, including nozzle angle, insertion depth and actuation farget Area Cast Patient Specific
force. Small variations can significantly alter outcomes but these parameters are often inconsistently controlled and | |
reported. Differences between manual and automated actuation further contribute to variability [15]. Standardized Patient Representation Averaged
administration protocols are needed to improve reproducibility. Material of Construction Idealised
DEPOSITION MEASUREMENT 3D Printing Number
- Anatomic Representation Segmentation
A range of techniques is used to quantify deposition, including gravimetric, spectroscopic, chromatographic, Machining Manufacturing Method Manufacture Regional Definitions
coIorime’Fric, and. iImaging-based methods but there is limited consensus on which approaches provide the most Moulding ? Disease State
relevant information.
Other Anatomical Mode Mucociliary Clearance

INTEGRATION WITH CFD
Breathing Cycle

CFD enables exploration of airflow and deposition in complex geometries and can simulate variability across
populations [16]. However, results are highly dependent on model assumptions and require validation against

Cascade Impaction
In Vitro —<
experimental data [17]. ‘Validation < Gel Visualisation

In Vivo Gamma Scintigraphy
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