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Summary
Mesh nebulizers are driven by a piezo-element and use ultrasonic frequencies to vibrate the mesh. The vibration of
the mesh causes aerosol generation as the liquid passes through it. Ultrasonic nebulizers, by contrast, produce
ultrasonic waves directly into the solution causing aerosol to be produced at the liquid surface. Since both use
ultrasonics to generate the aerosol, confusion between the 2 types of nebulizers and their differing performance can
occur. It is known that ultrasonic nebulizers are unable to deliver suspension formulations such as budesonide and
this perception of inability to deliver budesonide can incorrectly be assumed to be the same for ultrasonically driven
mesh nebulizers.
We compared an ultrasonic nebulizer, the Flores Medical GmbH Aerosonic Mobil 3060 nebulizer, and an
ultrasonically driven mesh nebulizer, the Philips Respironics I-neb Adaptive Aerosol Delivery (AAD) System nebulizer,
when delivering budesonide (2 mL of 250 µg/mL fill) to highlight the performance differences between the mesh and
conventional ultrasonic devices. Nebulizer performance was assessed in terms of delivered dose, delivered dose
output rate, total gravimetric output, mass median diameter, mass median aerodynamic diameter, and aerodynamic
particle size distribution (APSD). These performance parameters were compared for the 2 devices against the
delivery of a solution of salbutamol (2.5 mL of 2 mg/mL fill).
The Aerosonic Mobil 3060 and the I-neb AAD System nebulizers delivered 714 µg and 1079 µg of salbutamol
respectively. With budesonide, the Aerosonic Mobil 3060 delivered 9.2 µg and the I-neb AAD System nebulizer
delivered 109 µg. APSD data indicated the low delivery by the Aerosonic Mobil 3060 was a consequence of it being
unable to deliver the suspended particles.
The results demonstrated that both nebulizer types are capable of delivering solutions but that the ultrasonic nebulizer
cannot effectively deliver budesonide, whereas the mesh nebulizer can.
Introduction
(1-3)

Ultrasonic nebulizers have been reported to have low outputs of suspensions such as budesonide.
Mesh
nebulizers are used to deliver budesonide, but published data on the delivery of budesonide from mesh nebulizers is
limited. In this study, we compared the key in vitro performance parameters of the ultrasonic and the mesh nebulizer.
Method
An Aerosonic Mobil 3060 ultrasonic nebulizer (Flores Medical GmbH, Probstzella, Germany) and an I-neb Adaptive
Aerosol Delivery (AAD) System mesh nebulizer with a 0.5 mL dosing chamber (Respironics Respiratory Drug Delivery
(UK) Ltd, Chichester, UK) were characterized for dose output to filter (over 1 minute and to the end of treatment) using
the ASL 5000 breathing simulator (IngMar Medical Ltd, Pittsburgh, PA, USA). Each nebulizer was run 20 times to
determine the 1 minute output rate, total output to filter, treatment time, and mass median diameter (MMD). Mass
median aerodynamic diameter (MMAD), aerodynamic particle size distribution (APSD) and mass balance (the sum of
the drug in the nebulizer connector and NGI as a percentage of the initial fill drug mass) were determined in triplicate.
Since the objective of the study was to compare gross differences in the delivery of different formulation types, rather
than inter-device variability, a design including a single representative example of each device type with a high n for
each test was chosen.
Particle size:
Nebulizers were characterized by laser diffraction with the Malvern Mastersizer (Malvern Instruments Ltd,
Worcestershire, UK). Each nebulizer was charged with 2.5 mL of 5 mg/2.5 mL salbutamol sulphate solution (Salamol
Steri-Neb, IVAX Pharmaceuticals, West Yorkshire, UK) directly from the respule or 2 mL of 250 µg/mL budesonide
(Pulmicort, Astra Zeneca, Luton, UK). The Malvern Mastersizer was set up with an extraction flow of 30 L/min and
shroud air of 10 L/min. The device under test was connected to the flow cell using an elastomeric-lipped ISO
connector (Intersurgical Ltd., Wokingham, UK) and the join was sealed with parafilm. Data were measured for 3 time
points, with a 20 second delay between each measurement. Data for each run were averaged to provide mean MMD
and fine particle fraction.

To assess APSD, budesonide and salbutamol aerosols were characterized using a next generation impactor (NGI) at
15 L/min. Measurements were made in triplicate.
Output to filter:
The nebulizers were characterized using the ASL 5000 breathing simulator. Each nebulizer was charged with 2 mL of
250 µg/mL budesonide suspension or 2.5 mL of 2 mg/mL salbutamol. The ASL 5000 was set to reproduce an adult
breathing pattern (tidal volume = 500 mL; inhalation:exhalation ratio = 1:1; 15 breaths per minute). A filter was placed
at the end of a short piece of elephant tubing attached to the ASL 5000, inside a fume hood. The nebulizer under test
was attached to the filter using a 22 mm elastomeric-lipped ISO connector and the join was sealed with parafilm. The
nebulizer was run for 1 minute and the filter was removed. A new filter was attached and the nebulizer was run until
the end of the treatment, as indicated by the nebulizer. The Aerosonic Mobil 3060 nebulizer automatically powered off
after approximately 3 minutes of treatment, whereas for the I-neb AAD System nebulizer, the end of treatment was
indicated by the device at the end of aerosol generation. The filters were processed to extract the drug which was
then quantitated by high performance liquid chromatography analysis.
Results
Table 1: Results summary for output to filter, MMD, and MMAD (n=20 for MMD and n=3 for NGI).
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Standard deviation (SD); relative standard deviation (RSD); mass median diameter (MMD); mass median
e
aerodynamic diameter (MMAD); geometric standard deviation (GSD).

Figure 1: Stage deposition of salbutamol.

Figure 2: Stage deposition of budesonide.

Discussion
As shown in Table 1, the particle size by laser diffraction was comparable between the 2 devices with both salbutamol
and budesonide; for example, the mean MMD of the Aerosonic Mobil 3060 nebulizer and I-neb AAD System nebulizer
respectively with budesonide was 4.71 µm and 4.62 µm, and with salbutamol it was 4.43 µm and 4.95 µm. The MMAD
values for the Aerosonic Mobil 3060 nebulizer and I-neb AAD System nebulizer respectively with budesonide were
1.38 µm and 5.01 µm, and with salbutamol they were 3.68 µm and 4.80 µm. For the I-neb AAD System nebulizer, the
apparently larger particle size of budesonide as measured by NGI is as expected. Laser diffraction measures the size
of aerosol droplets which include small droplets that do not contain particles of budesonide and thus underestimates
(4)
the particle size of drug containing aerosol.
The NGI method measures the drug so that the underestimation that
the laser gives by measuring the small empty droplets is overcome. For the Aerosonic Mobil 3060 nebulizer, the very
low particle size of the budesonide measured by NGI compared with laser diffraction is surprising as it contradicts
what would be expected, but as discussed later, may be related to the inability of the Aerosonic Mobil 3060 ultrasonic
nebulizer to aerosolize budesonide suspension particles.
The I-neb AAD System nebulizer had a higher delivered dose with both salbutamol (1079.65 µg compared with
713.96 µg) and budesonide (109.05 µg compared with 9.23 µg) than the Aerosonic Mobil 3060 nebulizer. In the case
of the salbutamol, this reflects the fact that the I-neb AAD System nebulizer is breath activated, so it does not lose
drug to exhalation. With budesonide, the delivered dose from the Aerosonic Mobil 3060 nebulizer was much lower
than would be expected, even allowing for exhalation. Due to the size of the dosing chamber used, the amounts of
both drugs delivered with the I-neb AAD System nebulizer are consistent with amounts delivered with jet nebulizers.
(5,6)
The Aerosonic Mobil 3060 nebulizer manual states that the device can nebulize suspensions: “The 3060
aerosonic® mobil can be used for the nebulisation of all water-based inhalation solutions, including suspensions,
(7)
however not for solutions containing essential oils.” However, the results from this study suggest that the Aerosonic
Mobil 3060 nebulizer struggled to nebulize suspensions of budesonide. Not only did the Aerosonic Mobil 3060
nebulizer have a significantly lower delivered dose with budesonide, but it also had a notably lower MMAD of 1.38 µm.
(8)
This result is somewhat surprising, as suspension formulations usually have higher MMADs than solutions. It could
(9)
be hypothesized that the budesonide collected in the NGI was from the small (circa 10%)
amount of budesonide
dissolved in the solution and that the particles in the budesonide suspension were not aerosolized. The stage
deposition data shown in Figure 2 supports this hypothesis as the deposition from the Aerosonic Mobil 3060 nebulizer
is all on the lower stages, which is more typical of a solution. It is not clear, however, why the MMAD was much lower
than for the salbutamol solution. It could reflect the budesonide particles modifying the way ultrasonic waves are
transmitted through the solution and the consequent particle size generation. The comparison of the 2 nebulizers

suggests that the Aerosonic Mobil 3060 ultrasonic nebulizer may not be a viable method for the delivery of
budesonide, whereas the I-neb AAD System nebulizer is.
Conclusion


The I-neb AAD System mesh nebulizer is effective at delivering both budesonide and salbutamol.



The Aerosonic Mobil 3060 ultrasonic nebulizer is inefficient at delivering the suspension formulation
budesonide.



The ultrasonically driven mesh nebulizer had significantly different performance characteristics to the
conventional ultrasonic nebulizer and the 2 devices should not be confused.
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