
REDUCED AEROSOL PRODUCTION ASSOCIATED WITH IMPROVED AEROSOL DELIVERY TO THE SUBJECT�S AIRWAYS

BACKGROUND
    It is common to see nebulization protocol variations 

between mice airway hyperresponsiveness (AHR) 
studies.

    Direct study comparisons are therefore difficult.

   Reporting results in terms of delivered dose would 
permit to account for protocol differences.   

    In order to be accurate, delivered dose calculation 
should take nebulizer rainout into consideration .

   A erosol delivery efficiency could potentially vary with 
the nebulizer and ventilator settings used during 
nebulization.

OBJECTIVE
   To  determine the effect of nebulization protocol 

variations on the fraction of aerosol reaching the 
subject site.

ABSTRACT
Introduction:  Protocol variations constitute a challenge when trying to collectively consider or compare mice airway 
hyperresponsiveness studies. Reporting results in terms of delivered dose of inhaled bronchoconstrictor could permit to 
account for such differences. However in order to be accurate, estimates should consider protocol specific rainout, a 
significant loss source. In the present study, we gravimetrically evaluated the impact of modified nebulizer settings on the 
fraction of nebulized aerosol reaching the subject site.

Methods:  The technique was based on existing methodology(1). The set-up consisted of a legacy flexiVent system equipped 
with either a standard (4-6 uM) or a small (2.5-4 uM) VMD Aeroneb Lab nebulizer and a drierite-filled desiccant tube attached 
at the subject site. Before and after each determination, the nebulizer and the tube were carefully weighed on a four-decimal 
precision balance. Each determination consisted of 4-8 consecutive nebulizer activations separated by approximately 1 
minute of default ventilation. A total of 3-5 determinations were performed for every nebulization pattern, starting each time 
with dry components. Departing from a default nebulization pattern (10s, 50% duty cycle, standard nebulizer), eleven 
additional patterns were created and studied. These included modifications in nebulization time, nebulizer duty cycle, 
particle size spectrum, inspiratory air humidity control, ventilation profile or combinations of changes. For each pattern, the 
variation in dessicant tube weight was expressed as a ratio of the overall amount of aerosol generated by the nebulizer.

Results:  Under default nebulizer settings, 12.06 ± 0.01% of the nebulized aerosol reached the subject site. That fraction 
significantly increased following a reduction in nebulization time (2.5s), duty cycle (25%) or the use of a reduced output 
nebulizer (which in this experiment also generated smaller particles).  The largest improvements were recorded with two 
reduced aerosol patterns employing reductions in nebulization time (2.5s) and duty cycle (25%) while varying ventilation from 
default settings to slow deep ventilation (46.36 ± 0.06%, 37.04 ± 0.01%; respectively). Consistent with the idea that changes 
in the fraction of nebulized aerosol reaching the subject's airways were inversely related to the amount of aerosol generated, 
an increase in duty cycle (100%) led to opposite results (5.3 ± 0.03%).  

Conclusion:  Results showed that protocol variations can be associated with differences in the fraction of nebulized aerosol 
reaching the subject's airways, which lead to differences in delivery efficiency. Changes appeared inversely related to the 
amount of aerosol generated. 

(1) MacLoughlin et al. J Aerosol Med Pulm Drug Delivery 2009, 22:323-332.

A Robichaud, L Fereydoonzad, TF Schuessler, SCIREQ Scientific Respiratory Equipment Inc., Montreal, Quebec, Canada 

CONCLUSIONS
   Nebulizer and ventilator setting changes can significantly affect the 

delivery efficiency of an aerosol, and therefore, the delivered dose.  

   The efficiency at which an aerosol is delivered can be estimated 
through specific characterization steps and accounted for in an 
accurate calculation of the delivered dose.  

   Improvements in the proportion of a nebulized aerosol reaching the 
subject site can be achieved by: 

      reducing the duty cycle of the nebulizer

      selecting a lower output nebulizer (e.g. ANP-1100)

      using the second generation controller (ANC-02) 

   Reporting AHR results in terms of delivered dose represents an 
important element of standardization.

SUMMARY
   Variations in nebulization protocols led to significant differences in 

the fraction of aerosol reaching the subject site.

   In naïve A/J mice, nebulization protocol variations translated in up to 
a four-fold difference in the delivered dose of methacholine.

    The delivery efficiency was inversely related to the aerosol output of 
the nebulizer, most likely as a result of increased particle impaction 
and rainout at higher aerosol density or, alternatively, to more 
particle shrinkage at lower density.

   As expected, a lower percentage of aerosol reached the subject site 
with the multi-subject extension (MSX) since, in this configuration, a 
single, common aerosol is  provided to 4 subjects simultaneously.

    In line with recent enhancements made, SCIREQ second generation 
nebulizer controller (ANC-02) was associated with significantly 
higher aerosol delivery ratios compared to the original design . 

Disclosure
At the time this work was carried out, AR, LF and TFS were employed by SCIREQ Scientific Respiratory Equipment Inc., a commercial entity involved in a subject area 
related to the content of this presentation.  TFS also owned stock. 

RESULTS
DELIVERED DOSE CALCULATION 
Nebulizer Rainout Characterization Methacholine Challenge In Vivo (12.5 mg/mL)
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AEROSOL DELIVERY EFFICIENCY
Nebulizer Aerosol Output % Nebulized Aerosol at the Subject Site

  

Standard nebulizer & legacy flexiVent
n=3-5 determinations/group
*p<0.05 (ANOVA, followed by Dunnett�s T-test)
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flexiVent SYSTEM CONFIGURATION CHANGES
ANP-1000 nebulizer (4-6 m) ANP-1100 nebulizer (2-4 m)
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METHODS
EQUIPMENT

   flexiVent (legacy & FX ) operated by flexiWare 7.5

   Standard (4-6 m; ANP-1000) or small (2-4 m; ANP-1100) particle 
size Aeroneb Lab nebulizer (Aerogen Ltd) 

NEBULIZER RAINOUT CHARACTERIZATION

   Gravimetric approach to quantify fraction of aerosol reaching the 
subject site

   Drierite-filled desiccant tube attached at the subject site

   Respiratory rate = 150 br/min, tidal volume = 0.25 mL

   4-8 nebulizer activations separated by 1 minute of ventilation

   12 nebulization patterns:
Pattern Particle 

size
(µM)

Time
(s)

Duty 
Cycle
(%)

Ventilation 
Profile

Desiccant Description

1 4-6 10 50 regular + Default protocol
2 4-6 2.5 50 regular +

Nebulization 
time

3 4-6 5 50 regular +
4 4-6 20 50 regular +
5 4-6 10 25 regular +

Duty cycle6 4-6 10 100 regular +
7 2.5-4 10 50 regular + Nebulizer type
8 4-6 10 50 regular � Air humidity
9 4-6 10 50 slow-deep + Ventilation
10 4-6 2.5 50 slow-deep + Nebulizer and 

ventilator 
setting

11 4-6 2.5 25 regular �
12 4-6 2.5 25 slow-deep �

IN VIVO STUDY

   Naïve, adult, male A/J mice (24 ± 2 g; n=3-8/group)

   Aerosol of methacholine (12.5 mg/mL), 12 nebulization patterns 

   Delivered dose calculation:

       f  = fraction of nebulized aerosol reaching the subject sitedel

       C  = concentration (mg/mL) of solution loaded into the nebulizerliq

      Q  = nebulizer output (mL/s)N

      V  = airflow passing the nebulizer (mL/s)N

      m = amount delivered to subject airwaysdel 

      C  = substance concentration in inspiratory airflow (mg/mL) air

      V  = corrected inspiratory airflow (mL/s) through the subject�s airway openingao, insp

      t = duration of nebulization period (s)

.
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