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INTRODUCTION

Particle deposition caused by electrostatic attraction to the walls of valved holding chambers (VHCs)
made from non-conducting polymer can significantly reduce pressurized metered dose inhaler (pMDI)
medication delivery, especially at first use (1). Washing in ionic detergent followed by drip-drying to coat
the interior surfaces with a conducting layer of surfactant is effective at counteracting these losses (2),
however, the process is time consuming and therefore not followed, especially in the hospital setting.

The AeroChamber Plus® Flow-Vu® Anti-Static Valved Holding Chamber (AVHC) (Monaghan
Medical Corp.) has been designed with a body manufactured from an electrostatic dissipative but
transparent polymer so that it can be used without pre-treatment. Aerosol formation is therefore visible
to both the health-care giver and patient. VHC volume (149 mL) has also been chosen to optimize the
delivery of medication to the un-coordinated patient.

The design intent is to ensure that most of the aerosol delivered to the VHC at pMDI actuation remains
suspended if a poorly coordinated patient delays inhalation.

PERFORMANCE COMPARISON

An in vitro comparison of 5 VHCs (n=4) was undertaken with Flovent†-HFA (110 µg/actuation
fluticasone propionate (FP), GSK Inc) to investigate the affect of an imposed delay between pMDI
actuation and inhalation. Simulated delay times of 2, 5 and 10-s were created using a purpose built
mechanical shutter.

This approach conforms with the opinion from European authorities that testing of VHCs should be
undertaken under such conditions, and that the compendia no-delay test is unsuitable, since it does
not properly mimic patient use.
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CONCLUSIONS

The data reveals inhalation delays affect drug delivery and there is significant difference in drug
delivery between chamber brands.  Differences in patient technique directly impacts inhalation delays,
especially pediatric patients who require several breaths to evacuate the chamber of medication.
Therefore it is advisable to utilize a chamber that has the maximum amount of drug available for the
longest period of time.



RESULTS

When conducting measurements with delay, a mechanical shutter was interposed in an adapter that
was located on axis between VHC mouthpiece and the induction port (Figure 1). The shutter remains
closed during the delay period, but the impactor is operated at the desired flow rate, since air is
introduced via a by-pass channel on the bottom of the adapter facing the induction port.

The pMDI is actuated into the VHC on test which is directed at a microphone located on the adapter.
The microphone detects the sound emitted from the actuation of the inhaler. This starts a timer that
operates the shutter after the desired delay interval. Following the delay interval, the aerosol is
sampled as soon as the shutter opens.

Full mass recoveries of label claim (110 µg ± 15%) was obtained for all VHCs evaluated, validating the
methodology.

Fine particle mass was observed to decrease significantly with increasing delay for the OptiChamber
Diamond† and Anti-Static Pocket Chamber† VHCs (Table 1), whereas the AeroChamber Plus® Flow-
Vu® AVHC remained relatively stable throughout (∆ in FPM).

At all delay conditions the AeroChamber Plus® Flow-Vu® AVHC delivered statistically more fine
particle mass (p<0.018).   

METHODOLOGY

An abbreviated Andersen 8-stage impactor (Thermo Andersen, Smyrna, GA) with a USP/EP induction
port was used at 28.3 L/min for the measurements without delay in accordance with the compendial
procedure (3).

Delay simulation was achieved by using a purpose built adapter located on axis between VHC
mouthpiece and induction port (Figure 1). With this apparatus the impactor could be operated at the
desired flow rate, since air was introduced via a by-pass channel on the bottom of the adapter facing
the induction port. This apparatus allows for the impactor to operate normally avoiding the risk of
capturing any aerosol that might have escaped as the propellant expanded following inhaler actuation.

Five actuations from the pMDI were delivered per measurement, and an assay for FP recovered from
the VHC, induction port and impactor using methanol was subsequently undertaken by HPLC-UV
spectrophotometry at a wavelength of 239 nm. 
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Figure 1. Andersen 8-stage impactor (Thermo Andersen, Smyrna, GA) with a USP/EP induction port
used at 28.3 L/min. Delay simulation was achieved by interposing a mechanical shutter in an adapter
that located on axis between VHC mouthpiece and induction port.

Table 1. Comparison of Fine Particle Mass for 5 VHCs with delay using HFA Flovent†-110    


