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Introduction

» The sinuses are air-filled spaces in the bones of the skull connected via small orifices, called
ostia, to the nasal passage. There are four pairs of cavities: maxillary, frontal, sphenoid and
ethmoid sinuses. Approximately 5%-10% of the European population suffers from chronic
sinusitis [1]. In patients with cystic fibrosis, chronic sinus diseases are very common [2].

Materials and Methods

» A cast model based on anatomical dimensions and on the experience of a prior study was
developed ([4], Fig. 1 & 2). In order to reduce experimental work, the model contained four
cavities (sinuses) in frontal, maxillary and sphenoid position. Cavities as well as orifices (ostia)
were exchangeable, allowing variation of the sinus volume (5, 14 and 25 ml) and ostium
diameter (0.5, 1.0 and 2.0 mm). Ostium length was 10 mm for all diameters.

» The nebulizer was charged with 3 ml aqueous antibiotic solution. The solution was nebulized
for 10 minutes into the model, 5 minutes into each nostril. After the experiment, the cavities
were disassembled from the model and drug inside was extracted with solvent. Drug deposited
on the ostium was not taken into account.

» The droplet size distribution was determined by laser diffraction (LD) utilizing a Malvern
Mastersizer X (Malvern, Herrenberg, Germany) for calculations of the respirable fraction (RF),
mass median diameter (MMD) and geometric standard deviation (GSD).
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Factor Low Level High Level Effect [ ug] standard error [ pg] p
average Deposition 121 21,8

Volume [ml] 5 25 149,9 21,3 <0,01

Ostium diam. [mm] 0,5 2 80 19,7 <0,01

Position [ °] 0 90 -27,3 19,9 0,32

Table 1: Estimated effects for deposition

MMD [pm] RF [% < 5 pm] % <2 um GSD
3.1 76 32 2.5

Table 2: Aerosol characteristics

Summa[x

» A novel formulation of an antibiotic was nebulized into a sinus cast model with the PARI
SINUS™ device.

» Drug deposition inside the single cavities ranged between 10 - 550 pg drug substance with a
mean of 120 pg.

» Analysis of variance (ANOVA) revealed significant relationship between ostium diameter and
deposition as well as between sinus volume and deposition. There was no significant effect
of the location on deposition (Tab.1).

» Variation of drug deposition in the single cavities was high (Tab.1).

» Mean droplet size of the aerosol was 3.1 um with 76% below 5 pm and 32% below 2 um
(Tab.2).

» Drug was found even in small cavities with narrow orifices.

Conclusions
I

» Results indicate that drugs can be delivered in therapeutic relevant quantities to the sinuses,
even to those with small orifices and small volumes.

» High variation of drug deposition in the single cavities in replicate experiments may result

» Sample solutions were assayed by a HPLC method developed in PARI pharma laboratories. from insufficient robustness of the model.

» Due to the first model limitation, it was not possible to determine the drug amounts in the
nasal passage and in the ostia An improved sinus deposition model has already been
developed by PARI for future studies (Fig.4), allowing easy extraction of deposited drug from
the ostia, sinus cavity and airway passage. This will also enable mass balance and recovery
calculations in order to validate results.

» A multilevel factorial experimental design consisting of 81 single runs (3 factors, 3 levels, 3
runs) was created and data analysis was performed with Statgraphics Plus software

» Pulmonary infections of CF patients, even after lung transplantation, indicate that persistent
bacteria in sinus cavities may be responsible for re-infections. The PARI SINUS™ may offer
a concept to reduce the re-infection rate caused by persistent upper airway bacteria being
not susceptible to current treatment regimes.

> The PARI SINUS™ may be integral part of a comprehensive airway treatment approach
within the scope of the “One Airway, One Disease” hypothesis.

Figure 2: PARI first generation

W Figure 3: PARI‘s second generation sinus
sinus deposition model [4]
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Figure 4: Effect of the experimental factors volume,
ostium diameter and position on drug deposition
The Pareto Charts shows each of the estimated effects
in decreasing order of magnitude. The length of each
bar is proportional to the standardized effect. The
standardized effect is the estimated effect divided by its
standard error, which is equivalent to computing a t-
statistic for each effect. The vertical line on the plot
judges the effects that are statistically significant. Bars
that extend beyond the line correspond to effects that are
statistically significant at the 95 percent confidence level.
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