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Abstract

Background: The bench experiments presented herein were conducted in order to investigate the influence of
carrier gas, either medical air or a helium-oxygen mixture (78% He, 22% O,), on the droplet size distribution and
aerosol mass delivered from a vibrating mesh nebulizer through a patient breathing circuit.

Methods: Droplet size distributions at the exit of the nebulizer T-piece and at the patient end of the breathing
circuit were determined by laser diffraction. Additional experiments were performed to determine the effects on
measured size distributions of gas humidity and of the droplet residence time during transport from the
nebulizer to the laser diffraction measurement volume. Aerosol deposition in the nebulizer, breathing circuit,
and on expiratory and patient filters was determined by photometry following nebulization of sodium fluoride
solutions into the breathing circuit during simulated patient breathing.

Results: With no humidification of the carrier gas, droplet volume median diameter (VMD) at the exit of the
nebulizer T-piece was 5.5+ 0.1 um for medical air, and 4.3+0.1 um for helium—oxygen. Varying the aerosol
residence time between the nebulizer and the measurement volume did not affect the measured size distribu-
tions; however, humidification of the carrier gases reduced differences in VMD at the nebulizer exit between
medical air and helium—oxygen. At the patient end of the breathing circuit, droplet VMDs were 1.8 + 0.1 um for
medical air and 2.2+0.1 um for helium—oxygen. The percentages of sodium fluoride recovered from the neb-
ulizer, breathing circuit, patient filter, and expiratory filter were, respectively, 29.9 £8.3,40.4 £5.6, 8.3 £ 1.5, and
21.54+2.1 % for air, and 32.6 +2.2, 36.3+0.7, 12.0+ 1.4, and 19.1 £1.1 % for helium-oxygen.

Conclusions: Ventilation with helium-oxygen in place of air-oxygen mixtures can influence both the droplet size
distribution and mass of nebulized aerosol delivered through patient breathing circuits. Assessment of these
effects on aerosol delivery is important when incorporating helium-oxygen into patient ventilation strategies.

Key words: helium—-oxygen, nebulizer, droplet size distribution, laser diffraction, aerosol deposition, noninvasive
ventilation

Introduction

RECENT CLINICAL STUDIES have investigated gas mixtures
of helium and oxygen (He/O,) in combination with
noninvasive ventilation (NIV) to treat acute exacerbations of
chronic obstructive lung disease (COPD)."? Briefly, for pa-
tients with obstructive lung disease, the beneficial effects of
breathing He/O, stem from the low density of the mixture,

which is approximately one-third that of air. Density-depen-
dent components of airway resistance, including those arising
from both turbulence and convective acceleration of gas flow
through the tracheobronchial airways, are reduced when
breathing He/O, in place of air or air/O, mixtures.®? Ac-
cordingly, combining He/O, with positive pressure support
during NIV reduces patient effort® and dyspnea® during
acute exacerbations of COPD.
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Delivery of aerosolized bronchodilators is standard in
treating exacerbations of COPD,®” whereas aerosol delivery
of corticosteroid®” and combination corticosteroid/bron-
chodilator? therapies has been explored. For patients re-
ceiving NIV, aerosol therapy may be delivered in-line into
the ventilator circuit, or during breaks between periods of
ventilator support, depending on the practices of the insti-
tution administering care.!'*'? Although He/O, has previ-
ously been shown to influence aerosol delivery through a
conventional mechanical ventilation breathing circuit,*®
these results are specific to the delivery devices and breath-
ing circuit studied. As such, the influence of He/O, on
aerosol delivery during NIV should be evaluated for a given
combination of delivery device and breathing circuit prior to
employing that combination for coadministration of He/O,
and aerosol therapy. Further, as He/O, is known to affect
droplet size distributions delivered from jet nebulizers,"*”
and, though less so, from vibrating mesh nebulizers,1¢1®
these modalities of aerosol delivery may require particular
attention.

The experiments described below were conducted in order
to investigate the effects of He/O, in place of air on aerosol
delivery from Aeroneb Solo vibrating mesh nebulizers
through the breathing circuit of a Hamilton G5 ventilator,
ahead of employing this combination in a clinical study. The
ventilator includes an optional He/O, module, which allows
accurate control and monitoring of delivered flows, volumes,
and gas concentrations when ventilating with He/O, mix-
tures. The availability of appropriate and well-characterized
delivery devices is an important step towards wider inte-
gration of He/O, into clinical practice.*?” In the present
work, the influence of He/O, on both the size of droplets
and the aerosol mass delivered through the breathing circuit
was evaluated.

Materials and Methods
Gases

All experiments were performed using mixtures of helium
and oxygen (78% He, 22% O, by volume) or medical air (78%
Ny, 22% O, by volume). The temperature and water vapor
content of the mixtures was measured using a temperature—
humidity probe (HC2-C05; Rotronic SARL, France). As
supplied, the gas mixtures were at room temperature of
25£2°C and contained 0% relative humidity (RH).

Laser diffraction measurement apparatus

Droplet size distributions were measured by laser diffrac-
tion (Helos/BF with Inhaler dispersion module; Sympatec
GmbH, Germany). A detailed review of laser diffractometry
as it relates to sizing of medical aerosols can be found in
Mitchell et al.,*" whereas more recent publications explore
the technique for sizing droplets produced by vibrating mesh
nebulizers in particular.*#*?)

The apparatus used to supply nebulized aerosol to the
laser diffraction system is depicted in Figure 1. The total flow
through the measurement region was determined through a
vacuum control valve adjusted according to the differential
pressure across a venturi tube. This total flow consisted
primarily of He/O, or air supplied through a mass flow
controller (El-Flow Select; Bronkhorst High Tech, Holland)
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FIG. 1. Schematic of the laser diffraction measurement
apparatus.

calibrated for either gas, but also included a smaller fraction
of sheath air drawn from the room. This sheath flow helped
to prevent deposition of droplets on the windows of the
measurement chamber. As shown schematically in Figure 1,
the sheath air entered the measurement chamber through
two open screw-type valves, but was kept from mixing with
the aerosol stream prior to the measurement through the use
of a custom designed inlet (Activaero GmbH, Germany) that
extended into the chamber just up to the point of intersection
with the laser beam, as described previously.!®

For air, the difference between the vacuum flow rate and
the supplied gas flow rate determined the sheath air flow
rate. For He/O,, however, the influence of gas density on the
flow-pressure drop relationship of the venturi tube created a
complication. Not only did the venturi have to be calibrated
specifically for He/O, 78/22, but also a correction for the
dilution of He/O, with sheath air was required. Figure 2
displays venturi calibration data for both medical air and
He/O,. To take these measurements, the venturi tube was
disconnected from the laser diffraction system, and a series
of known flow rates of air or He/O, was supplied through a
long, straight tube to the venturi. The pressure drop across
the venturi tube was measured using a digital manometer
(Model PR205; Eurolec Instrumentation Ltd., Ireland).

Also indicated in Figure 2 are predicted values for He/O,
made by applying the following correction to the air data:

Pair Qm'r (1)

PHe/0,

QHe/Oz =

wherein Q,;; and Qpe02 are volume flow rates for air and
He/O,, respectively, while p,;, and pp/02 represent the gas
densities.

The correction provided by Equation (1) assumes that all
pressure losses in the venturi tube were inertial, that is, that
viscous losses were negligible. The very close agreement
between measured and predicted values for He/O, in Figure
2 indicates that this assumption was appropriate. Accord-
ingly, for a mixture of He/O, with sheath air, the mixture
flow rate can be determined from the pressure drop across
the venturi by correcting the calibration for air as follows:

Qmix = Pair Quir (2)

mix
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FIG. 2. The pressure drop across the venturi tube plotted against the flow rate of air or He/O, supplied through the tube.
Also shown are predicted values for He/O, made by applying a density-based correction factor [Equation (1)] to the air data.

where
Qmix = QHe/Oz + Qsheath (3)

and

_ Qshea th QH e/O;
Pmix = Pair Qmiv + PHe/0, Qmix

@)

For a given pressure drop across the venturi, with Q,; cal-
culated from the calibration to air, there then exists a solution
to Equations (2)-(4) that allows determination of the amount
of sheath air added to a supplied flow of He/O,. As such, for
a fixed supply flow of He/O,, the sheath flow of room air
could be adjusted using the vacuum control valve while
observing the pressure drop across the venturi. After pre-
liminary experiments to investigate the influence of the
sheath air flow rate on measured droplet sizes, all subse-
quent measurements were conducted with a supplied gas
flow rate of 20L/min and a sheath air flow rate of 5L/min.
For these flows, the optical concentration, which indicates
the amount of light obscuration between the laser source and
photo detectors of the laser diffraction apparatus, was within
1-20% for all experimental conditions studied.

Droplet size measurements

All measurements were made on droplets emitted from
Aeroneb Solo (Aerogen Ltd., Ireland) nebulizers initially fil-
led with 2 mL of isotonic saline. Nebulization was allowed to
continue until completion, and droplets sizes were averaged
over 10-sec intervals at the start of each minute of nebuli-
zation. For each set of experimental conditions, three sepa-
rate nebulizations were performed (n=3). Droplet-size
distributions were determined from scattering patterns
through application of Lorentz—Mie optical theory, using a
complex refractive index of 1.33+ 0i for the droplet phase.
Mean volume median diameters (VMDs) and geometric
standard deviations (GSDs) are reported below, the latter

calculated as the square root of the dgs/d; ratio, where d,, is
defined such that n % of the total aerosol volume is contained
in droplets with diameters smaller than d,,.

In initial experiments, the nebulizer T-piece was connected
directly to the inlet of the laser diffraction measurement
chamber. As a result, the distance between the nebulizer and
the point of measurement was 9.3 cm, which corresponded to
an average residence time between nebulization and mea-
surement of approximately 80 msec. For this configuration,
droplet size distributions were measured in flows of dry air
and He/O,. These measurements were repeated for both
air and He/O, with the supplied gases conditioned to
30+2°C and 60+3% RH using a respiratory heater/
humidifier (MR290; Fisher & Paykel Healthcare Limited,
New Zealand) placed in-line, upstream from the nebulizer.

In order to further assess the influence of hygroscopic ef-
fects on measured droplet size distributions, different lengths
of tygon tubing (19 mm inner diameter) were placed between
the nebulizer T-piece and the entrance of the laser diffraction
measurement chamber. Experiments were then repeated for
dry air and He/O, with distances of 15.1 and 24.5cm be-
tween the nebulizer and the point of measurement, corre-
sponding to average residence times of approximately 130
and 210 msec between droplet production and sizing.

Finally, in order to estimate the size of droplets delivered
to patient facemasks during NIV, the Aeroneb Solo was in-
serted into the inspiratory limb of the breathing circuit
supplied with the Hamilton G5 ventilator (Hamilton Medical
AG, Switzerland). Figure 3 displays the various components
of the breathing circuit. During the size measurements, the
facemask was disconnected and the elbow tubing was con-
nected directly to the laser diffraction measurement cham-
ber. The expiratory tubing was replaced with a plug, and a
steady flow of 20L/min of dry air or He/O, was supplied
through the inspiratory tubing, with the sheath flow again
held at 5L/min. As for all prior experiments, droplets sizes
were averaged over 10-sec sampling intervals at the start of
each minute of nebulization, and nebulization was continued


http://www.liebertonline.com/action/showImage?doi=10.1089/jamp.2010.0871&iName=master.img-001.jpg&w=360&h=204

MARTIN ET AL.

FIG.3. The breathing circuit, including, from left to right, the nebulizer in the inspiratory arm of the breathing circuit, the Y-
piece, the proximal flow sensor, the elbow tubing, and the patient facemask.

until completion. Experiments were repeated in triplicate
(n=23).

Aerosol deposition measurements

For deposition measurements, the patient breathing
circuit pictured in Figure 3 was used, save that breathing
filters (Clearguard II; Intersurgical Inc., UK) were placed
between the Y-piece and the expiratory tubing (the expira-
tory filter), and distal to the elbow tubing (the patient filter).
The facemask was removed, and the breathing circuit was
connected to one compartment of a dual adult test lung
(Michigan Instruments Inc., Grand Rapids, MI, USA). The
test lung was ventilated with either dry air or He/O, using
the Hamilton G5 ventilator in volume control mode. To be
consistent with typical breathing patterns measured for
pressure support NIV with air/oxygen or He/O, during
acute exacerbations of COPD,®? ventilation was per-
formed with a tidal volume of 500mL, 20 breaths per
minute, and a ratio between inspiratory time and total
breath duration (T;/T) of 0.3.

To measure aerosol deposition in the various components
of the breathing circuit, sodium fluoride (NaF) was used as a
tracer. A solution containing 6 mg/ml NaF (97%; Acros Or-
ganics, Belgium) in distilled water was prepared. This con-
centration of NaF was chosen to produce a solution with the
same osmolarity as isotonic saline, so that droplet vapor
pressures and corresponding hygroscopic effects would be
similar for the two solutions. The stock solution was diluted
to produce a series of standard solutions containing 1.1, 2.2,
4.5, 89, and 17.8 ug F~/mL for use during colorimetric as-
says (HI 93739; Hanna Instruments Inc., Ann Arbor, MI,
USA) similar to those previously described by Waldrep et
al.® For each experiment, 2mL of 6 mg/mL NaF solution
was nebulized into the inspiratory limb of the breathing
circuit during ventilation. After nebulization was complete,
ventilation was stopped, and the various components of the
breathing circuit were separated and placed in 250mL
crystallization dishes. The nebulizer (including T-piece),
Y-piece, flow sensor, elbow tubing, patient filter, and expi-
ratory filter were each washed with known volumes of dis-
tilled water to recover deposited NaF. These extract solutions
were then diluted into the range of the fluoride photometer
for measurement in comparison to the series of standard
solutions. Second extracts were performed for the filters and
the nebulizer. For the other components, second extracts ta-

ken on initial experiments recovered negligible fractions of
NaF. From the measured fluoride concentrations and the
known extract volumes and dilution ratios, the mass of NaF
deposited in each component of the breathing circuit was
determined. Experiments were repeated in triplicate for air
and He/O,.

Statistical analysis

For each combination of experimental conditions in which
droplet sizes were measured, VMDs in air were compared to
those in He/O, using a two-tailed Student’s ¢-test for inde-
pendent samples. Likewise, the fractions of NaF recovered
from the various components of the breathing circuit were
compared between air and He/O, using a two-tailed Stu-
dent’s t-test for independent samples.

Results
Droplet size measurements

For each experiment, droplets sizes were sampled over 10-
sec intervals at the start of every minute of nebulization, so
that any changes to the size distribution over the course of
nebulization could be observed. However, as the measured
size distributions varied little during a single nebulization,
droplet sizes were averaged over several time points for
every experiment. As each experiment was repeated in
triplicate, the droplet size distributions presented below are
average distributions both in time and over three experi-
mental repetitions.

Preliminary experiments were performed to assess the
influence of the sheath air flow rate through the laser dif-
fraction chamber on measured size distributions. As an
example, Figure 4 displays cumulative, normalized, volume-
weighted size distributions for droplets nebulized into dry
He/O, with the sheath flow rate set at either 2 or 5L/min.
Clearly, variation in the sheath air flow rate within this range
had little effect on measured size distributions. Similar re-
sults were obtained for droplets nebulized into dry air;
therefore, as mentioned above, the sheath flow rate was fixed
at 5L/min for all subsequent experiments.

Droplet size distributions produced by the nebulizer
supplied with dry air or He/O, are compared in Figure 5 for
the case where the nebulizer T-piece was connected directly
to the inlet of the laser diffraction measurement chamber.
Droplet sizes were consistently smaller in He/O, than air.
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FIG. 4. Droplet size distributions measured for the Aeroneb Solo supplied with 20 L/min of dry He/O,, using sheath air
flow rates of 2 or 5L/min. Data points are the average of three experiments, and error bars represent 1 standard deviation.

The average size distribution measured in air had a VMD of
5.5+ 0.1 yum (mean + 1 standard deviation; n = 3) and GSD of
1.77 £0.01, while that in He/O, had VMD =4.3 £ 0.1 um and
GSD =1.864+0.004. This decrease in VMD between air and
He/O, was statistically significant (p < 0.001). Figure 6 dis-
plays similar data, but for the case in which the supplied
gases were heated and humidified. In this case, the average
size distribution measured in air had VMD =5.1 + 0.1 um and
GSD=1.97+0.03, whereas that in He/O, had VMD=
45+0.1um and GSD=1.88+0.03. Again, size differences

between the two carrier gases were statistically significant
(p<0.01).

Varying the residence time of droplets between the neb-
ulizer and laser diffraction measurement volume had negli-
gible effect on measured size distributions. This was true for
both dry air and He/O,, as is summarized in Figure 7. In
contrast, droplet sizes measured with components of the
breathing circuit inserted between the nebulizer and mea-
surement chamber were much smaller than those initially
produced by the nebulizer. The average size distribution
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FIG. 5. Droplet size distributions measured with the Aeroneb Solo T-piece connected directly to the inlet of the laser
diffraction measurement chamber, with a supply flow of 20 L/min air or He/O; at 25 £+ 2°C and 0% RH, and a sheath air flow
of 5L/min. Data points are the average of three experiments, and error bars represent 1 standard deviation.
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FIG. 6. Droplet size distributions measured with the Aeroneb Solo T-piece connected directly to the inlet of the laser
diffraction measurement chamber, with a supply flow of 20 L /min air or He/O, at 30 +- 2°C and 60 + 3% RH, and a sheath air
flow of 5L/min. Data points are the average of three experiments, and error bars represent 1 standard deviation.

measured in air had VMD=184+0.1um and GSD=
2.240.1, whereas that in He/O, had VMD=2.240.1 um
and GSD =1.97 +0.03. The difference in VMD between air
and He/O, was statistically significant (p < 0.01).

Aerosol deposition measurements

Figure 8 displays the mass of NaF, expressed as a per-
centage of total mass recovery, deposited in the nebulizer
(including T-piece), in the breathing circuit, and on the pa-

tient and expiratory filters. The percentages of NaF recov-
ered from the nebulizer, breathing circuit, patient filter, and
expiratory filter were, respectively, 29.9+8.3, 40.4+5.6,
8.3+ 1.5, and 21.5+2.1% (mean + standard deviation, n =23)
for air, and 32.64+2.2, 36.3+0.7, 12.0+1.4, and 19.1+1.1%
for He/O,. The increase in the percentage of NaF reaching
the patient filter for He/O, compared to air was statistically
significant (p < 0.05). Deposition in the breathing circuit is
further subdivided into the Y-piece, flow sensor, and elbow
tubing in Figure 9.
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FIG.7. Volume median diameter (VMD) and geometric standard deviation (GSD) of droplet size distributions measured for
the Aeroneb Solo in dry air or He/O,, with different residence times in tubing between the nebulizer and the laser diffraction
measurement chamber. Columns represent the average of three experiments, and error bars represent 1 standard deviation.
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FIG. 8. Deposition of aerosolized sodium fluoride solution in the nebulizer, including T-piece, the breathing circuit, and on
the patient and expiratory filters, for ventilation with air or He/O,. Error bars represent the standard deviation of the data
(n=23) around the average value. The asterisk indicates a statistically significant difference (p < 0.05).

Discussion

In the present work, droplet size distributions produced
by Aeroneb Solo nebulizers were measured using laser
diffraction in air and in a mixture containing 78% He and
22% O,. Droplet sizes were determined for both gases at
the exit of the nebulizer T-piece and at the patient end of
the breathing circuit of a Hamilton G5 ventilator. Further
experiments were performed to determine the effects on
measured size distributions of gas humidification and of
the droplet residence time during transport from the
nebulizer to the laser diffraction measurement volume.
Finally, aerosol deposition in the nebulizer, breathing
circuit, and on filters placed in the expiratory limb and at
the patient end of the breathing circuit, was determined by
colorimetry following nebulization of sodium fluoride
solutions into the breathing circuit during simulated pa-
tient breathing.

Measured droplet sizes exiting the T-piece of Aeroneb
Solo nebulizers were smaller in He/O, than in air. This result
is consistent with the data of O’Callaghan and colleagues,®
wherein a similar difference was reported between air and
He/O; for the Aeroneb Pro. In the present work, when the
supplied gases were humidified differences in droplet sizes
between air and He/O, were less pronounced, suggesting
that these differences were related to droplet evaporation
between nebulization and measurement. As droplet sizes in
both air and He/O, were unaffected by increased residence
time between nebulization and measurement, it appears also
that in all cases equilibrium conditions were reached, owing
to two-way coupling between droplet evaporation and hu-
midification of the entraining gas,(25’26) prior to measure-
ment. Accordingly, it may be deduced that equilibrium
droplet sizes were smaller in He/O, than in air, which has
been reasoned theoretically due to the difference in the
properties of the two gases."'® More precisely, the product of
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FIG. 9. Cumulative deposition of aerosolized sodium fluoride solution in the three components of the breathing circuit
between the nebulizer and patient filter, for ventilation with air or He/O,. Error bars represent the standard deviation of the
data (17 =3) around the average value. The asterisk indicates a statistically significant difference (p < 0.05).
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specific heat capacity and density, which can be thought of
as a volume-specific heat capacity, is one of several me-
chanical and thermal parameters that are different for He/O,
than for air. If as a result a given volume of He/O, cools to a
lesser extent than an equivalent volume of air in providing
energy for water to transition from the liquid to the vapor
phase, more water must evaporate from droplets to saturate
He/O, than air (because the saturation water vapor con-
centration in the gas phase decreases with temperature) re-
sulting in smaller droplet sizes at equilibrium.

Droplet sizes were also measured at the patient end of the
ventilator breathing circuit, in order to estimate those that, in
vivo, would pass through the breathing circuit and reach
patient facemasks during NIV. Although the 20 L/min flow
rate used during size measurements is on the low end of
those expected to be delivered during NIV, higher flow rates
would have further diluted the aerosol stream, leading to
unacceptably low signal-to-noise ratios for laser diffraction
measurements made with the breathing circuit in place. For
both gases, droplets passing through the breathing circuit
were on average considerably smaller than those exiting the
nebulizer T-piece. This is no doubt due to size selective de-
position losses in the breathing circuit, as reflected in the
large deposition fractions measured in the breathing circuit,
particularly in the proximal flow sensor. The small reduction
in deposition measured in the breathing circuit for He/O,
compared to air may explain the slightly larger VMD of
droplets passing through the circuit with He/O, supplied.
Certainly, particle Stokes numbers will be somewhat smaller
in He/O, than in air (the viscosity of He/O, 78/22 is ap-
proximately 20% greater than that of air at 20°C and 1 atm),
indicating reduced probabilities of inertial impaction. In
addition, inertial impaction in the breathing circuit likely also
depends on changes in gas flow patterns with the flow
Reynolds number, as is the case for deposition in the mouth—
throat.?” In this context, it is the low density of He/O,
(approximately one-third that of air, for He/O, 78/22) that
reduces the Reynolds number, and, potentially, deposition in
the breathing circuit.

Although aerosol delivery could be altered by changing
the position of the nebulizer in the breathing circuit, 1?29 the
position adopted in the present study is that specified in the
ventilator operator’s manual, and is thus considered the nor-
mal position of use. In addition, the present deposition mea-
surements were made while ventilating with dry gases,
whereas previous studies have demonstrated that humidifi-
cation of ventilator gases can significantly increase aerosol
deposition in breathing circuits.®*?» However, unlike con-
ventional mechanical ventilation, a requirement for humidi-
fication during NIV has not been established,®**”) so that
experiments performed with dry gases remain relevant to
clinical application. It should also be reiterated that the results
presented above are specific to the nebulizer and breathing
circuit used in this study. Regarding the latter, the dual limb
circuit employed here is typical of intensive care unit (ICU)
ventilators, which are widely employed to deliver NIV in
critical care settings,®®** although practice may very geo-
graphically, or from institution to institution. For NIV applied
instead using a bilevel ventilator, with a single-limb circuit,
the underlying thermophysical effects of He/O, on aerosol
delivery will be unchanged, but their impact on delivered
droplet sizes and aerosol mass would need to be evaluated.
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As the main objective of the present work was to evaluate
aerosol administration in He/O, compared to air using a
specific combination of delivery device and ventilator
breathing circuit, it is prudent now to estimate how the small
differences in droplet size distribution and aerosol delivery
through the breathing circuit measured between the two
gases might affect delivered lung doses. For this purpose, the
equation recently developed by Sandeau et al.*” may be
employed, which predicts deposition in the mouth and
throat based on computational results simulating mouth—
throat deposition during oral, tidal breathing of air, or He/
O,. For droplet sizes as measured for air and He/O, at the
patient end of the breathing circuit, and for a breathing
pattern identical to that used in the deposition studies, the
percentage of inhaled aerosol mass depositing in the mouth
and throat is predicted to be just 4.7% for air, and 2.6% for
He/O,. Accordingly, the differences measured between the
two gases in aerosol delivery through the breathing circuit
are expected to persist into the lung, although it should be
noted that in making this prediction potentially larger ex-
trathoracic losses in or around patient facemasks, or during
nasal breathing, have been neglected. In particular, leaks at
the patient-mask interface are common during NIV,*? and
could have a significant impact on inhaled aerosol mass.
Furthermore, given the small sizes of inhaled droplets for
both air and He/O,, it is likely that a substantial fraction of
the aerosol entering the lung would be exhaled for both
gases; however, the effects of He/O, on regional transport
and deposition of aerosols in obstructed lungs remains a
subject for further study.

In conclusion, ventilation with He/O; in place of air led to
slightly larger droplet sizes measured at the patient end of a
breathing circuit used for NIV, and allowed a greater mass of
aerosol to pass through the breathing circuit to reach the
patient filter. It should be emphasized that these differences
were relatively small, so that their clinical significance would
need to be assessed for a particular combination of drug and
indication. When incorporating He/O, into patient ventila-
tion strategies, assessment of its effects on aerosol delivery is
important, so as to distinguish these from the beneficial ef-
fects of He/O, as a therapy in its own right.
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