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HYPOTHESIS: Albuterol delivered during noninvasive positive-pressure ventilation is affected by
use of a nebulizer or metered-dose inhaler (MDI) and whether the leak port is in the hose or the
mask. METHODS: A lung model that simulated spontaneous breathing at 20 breaths/min was used.
A bi-level positive-airway-pressure ventilator (Respironics S/T30) was set for an inspiratory positive
airway pressure of 15 cm H2O and an expiratory positive airway pressure of 5 cm H2O. The tidal
volume delivered was 0.4 L. Two mask types were used: one in which the leak port was incorporated
into the circuit, and another in which the leak port was incorporated into the mask. The nebulizer
was filled with 4 mL, which contained 5 mg of albuterol, connected via a T-piece directly to the
mask, and operated at 8 L/min for 15 min. For the MDI studies, a spacer was placed between the
mask and the circuit, and an MDI was actuated into the spacer, either synchronized with the
initiation of inhalation or during the exhalation phase (4 actuations separated by > 15 s in each
case). Albuterol was washed from the filter and measured with ultraviolet spectrophotometry.
RESULTS: With the nebulizer, significantly more albuterol was delivered to the filter when the leak
port was in the circuit (p � 0.001). Significantly more albuterol was delivered with the nebulizer
than with the MDI (p < 0.001). The efficiency of albuterol delivery (percent delivered) was similar
for nebulizer and MDI with the leak port in the circuit (p � 0.57), but better with the MDI with the
leak port in the mask (p � 0.001). Albuterol delivery was significantly less when the MDI was
actuated during exhalation (p � 0.001). CONCLUSIONS: Albuterol delivery with noninvasive
positive-pressure ventilation was affected by the type of aerosol delivery device, by the location of
the leak port, and by actuating the MDI at the proper time in the respiratory cycle. Key words:
chronic obstructive pulmonary disease, mask ventilation, metered-dose inhaler, nebulizer, noninvasive
positive-pressure ventilation. [Respir Care 2005;50(12):1649–1653. © 2005 Daedalus Enterprises]

Introduction

Much evidence supports the use of noninvasive posi-
tive-pressure ventilation (NPPV), and arguably the best

evidence is from patients with chronic obstructive pulmo-
nary disease exacerbation.1 These patients also benefit from
the administration of inhaled bronchodilators. Despite a
large volume of published work related to aerosol delivery
to intubated mechanically ventilated patients,2 surprisingly
little has been published related to aerosol delivery during
NPPV. Anecdotally, we have seen a variety of approaches
to this therapy, with no clear standard practice.

SEE THE RELATED EDITORIAL ON PAGE 1621

To our knowledge, there have only been 4 papers3–6

published to date on this topic, including the use of a
nebulizer with NPPV in patients with asthma,3 use of a
breath-actuated nebulizer with NPPV in children with cys-
tic fibrosis,4 use of a metered-dose inhaler (MDI) and
spacer with NPPV in patients with chronic obstructive
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pulmonary disease,5 and an in vitro evaluation of aerosol
delivery with a nebulizer during NPPV.6 We designed this
in vitro study using a lung model and filter deposition to
evaluate the effect of leak port position and aerosol deliv-
ery device on albuterol delivery during NPPV. Our hy-
pothesis was that albuterol delivery during NPPV is af-
fected by use of nebulizer versus MDI and whether the
leak port is in the hose or mask.

Methods

Experimental Model

A ventilator (model 840, Puritan-Bennett, Carlsbad, Cal-
ifornia) was attached to one chamber of a dual-chambered
test lung (Michigan Instruments, Grand Rapids, Michigan)
(Fig. 1). A lift bar placed between the chambers simulated
spontaneous breathing in the second chamber, at 20 breaths/
min. A bi-level positive-airway-pressure ventilator (Bi-
PAP S/T30, Respironics, Murrysville, Pennsylvania) was
set for an inspiratory positive airway pressure of 15 cm

H2O and an expiratory positive airway pressure of 5 cm
H2O. The compliance of the lung model was adjusted to
achieve a tidal volume of 0.4 L measured with a cardio-
respiratory monitor (NICO, Respironics, Murrysville,
Pennsylvania). A single-limb circuit was placed between
the BiPAP ventilator and an oronasal mask. The mask was
glued to a Plexiglas plate and a 15-mm connection led to
an absolute filter (D/Flex, Puritan-Bennett, Carlsbad, Cal-
ifornia) and the test lung.

Experimental Conditions

The Spectrum mask (Respironics, Murrysville, Pennsyl-
vania) has the leak port in the circuit, whereas the Mirage
mask (ResMed, Poway, California) has the leak port in the
mask. For the nebulizer experiments, a nebulizer (Micro
Mist, Hudson RCI, Temecula, California) was connected
via a T-piece directly to the mask. With the Spectrum
mask, the nebulizer was placed between the mask and the
leak port. The nebulizer was filled with 4 mL, which con-
tained 5 mg of albuterol, and operated at 8 L/min for 15

Fig. 1. Experimental setup. A: Spectrum mask with nebulizer. B: Spectrum mask with metered-dose inhaler (MDI) and spacer. C: Mirage
mask with nebulizer. D: Mirage mask with MDI and spacer. BiPAP � bi-level positive airway pressure. NICO � Respironics NICO
cardiopulmonary monitor. PB840 � Puritan Bennett 840 ventilator.
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min, using a calibrated flow meter (Timemeter, St Louis,
Missouri). For the MDI studies, a spacer (AeroVent, Mon-
aghan, Plattsburgh, New York) was placed between the
mask and the BiPAP circuit. An MDI (100 �g of albuterol
from the valve per actuation) (albuterol inhalation aerosol,
Warrick Pharmaceuticals, Reno Nevada) was actuated into
the spacer, either synchronized with the initiation of inha-
lation or during the expiratory phase (4 actuations sepa-
rated by � 15 s in each case). Data were collected in
triplicate.

Albuterol Measurement

For the nebulizer experiments, 20 mL of 0.9% saline
solution was used to wash the aerosol collected on the
filter. The filter was shaken for 1 min to ensure proper
mixing, using a mixer (model 16700, Thermolyne, Dubu-
que, Iowa). The light absorption of the solution washed
from the filter was measured with a spectrophotometer
(DU Series 500, Beckman Instruments, Fullerton, Califor-
nia) using a 1-mL quartz cuvette at a wavelength of 276
nm. The amount of albuterol captured on the filter was
calculated from the absorption-concentration standard
curve generated by plotting light absorption as a function
of albuterol concentration. There was a linear relationship
between absorption and concentration of albuterol between
0 and 0.05 mg/mL, with a slope of 0.1426 (r2 � 0.99).

For the MDI experiments, the filter was washed with
0.1 M NaOH and analyzed at 243 nm. The standard curve
for these experiments was linear between 0 and 100 �g/
mL, with a slope of 0.0323 (r2 � 0.99).

We tested the filter’s ability to trap aerosol by placing 2
filters in series, and no albuterol was detected on the sec-
ond filter. We also tested the specificity of our analytic
technique by nebulization of saline, with which we found
no absorption. A known amount of albuterol was mixed in
the filter with saline to determine whether all the albuterol
was recovered, and all the albuterol was detected.

Statistical Analysis

The amount of delivered albuterol was expressed in
absolute terms and as a percentage of the nominal dose.
The nominal dose for the nebulizer was the dose placed
into the nebulizer cup (5 mg). The nominal dose for the
MDI was 400 �g (100 �g/puff for 4 puffs). For both the
nebulizer and the MDI experiments, albuterol delivery for
the 2 masks was compared using univariate analysis of
variance. All statistical analysis was performed using com-
mercially available software (SPSS version 11.5, SPSS,
Chicago, Illinois). Differences were considered statistically
significant when p � 0.05.

Results

With the nebulizer, significantly more albuterol was de-
livered to the filter with the Spectrum mask (p � 0.001),
and significantly more albuterol was delivered with the
nebulizer than with the MDI (p � 0.001) (Fig. 2). The
amount of albuterol delivered with the MDI was similar
for the Spectrum and the Mirage masks (p � 0.71). The
efficiency of albuterol delivery (percent delivered) was
similar for the nebulizer and the MDI with the Spectrum
mask (p � 0.57), but better for the MDI with the Mirage
mask (p � 0.001) (Fig. 3). Albuterol delivery was signif-
icantly less when the MDI was actuated during exhalation
(p � 0.001) (Fig. 4).

Discussion

The major findings of this study are: (1) during NPPV
using a ventilator with a leak port, more aerosolized bron-
chodilator was delivered when the leak port was in the
circuit rather than the mask; (2) the efficiency of the MDI

Fig. 2. Absolute amount of albuterol delivered with nebulizer and
metered-dose inhaler with the Spectrum and Mirage masks. The
Spectrum mask incorporates the leak port into the circuit, whereas
the Mirage mask incorporates the leak port into the mask.

Fig. 3. Percent of the nominal dose of albuterol delivered with
nebulizer and metered-dose inhaler with the Spectrum and Mirage
masks. The Spectrum mask incorporates the leak port into the
circuit, whereas the Mirage mask incorporates the leak port into
the mask.
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with spacer was similar to the nebulizer when the leak port
was in the circuit, but the efficiency was greater with the
MDI when the leak port was in the mask; and (3) aero-
solized bronchodilator delivery was significantly reduced
when the MDI was actuated during the expiratory phase.

In a previous study we reported that the optimum neb-
ulizer position during NPPV is between the leak port and
the mask.6 In the study by Pollack et al,3 the nebulizer was
incorporated between the leak port and the mask. Accord-
ingly, when we incorporated the use of the Mirage mask
into our practice we were concerned about how this would
affect aerosol delivery. Indeed, we found that aerosol de-
livery was reduced by more that 50% when the nebulizer
was used with the Mirage mask rather than the Spectrum
mask. Presumably this relates to greater aerosol waste
through the leak port into the mask. This suggests that the
nebulizer dose may need to be increased if the leak port is
in the mask. Fauroux et al4 reported that aerosol deposition
can be significantly enhanced when combined with the use
of noninvasive pressure-support ventilation. That study,
however, differed from ours, because they used a home-
care ventilator that does not incorporate a leak port in the
circuit, and the nebulizer was active only during the in-
spiratory phase.

To our knowledge, there is only one published study
that evaluated the use of MDI during NPPV.5 In that study,
a home-care ventilator was used with volume-assured pres-
sure support mode. In the United States, a ventilator with
a leak port is more commonly used with NPPV. Therefore,
it is of interest to characterize aerosol delivery via MDI
using such a ventilator system. Our data suggest that an
MDI can be used efficiently during NPPV with a ventila-
tor that has a leak port. Moreover, the efficiency is similar
whether the leak port is incorporated into the circuit or into
the mask. However, the delivered dose is significantly
reduced if the MDI is actuated during the expiratory phase.
With invasive ventilation, Diot et al7 also reported the
importance of actuating the MDI with the initiation of the
inspiratory phase.

Although the efficiency of the MDI is similar to that of
the nebulizer, the absolute dose is greater with the nebu-
lizer. This is related to the higher nominal dose with the
nebulizer (5 mg), compared to that with 4 MDI actuations
(0.4 mg). Despite the lower delivered dose with MDI, a
clinically important response has been demonstrated dur-
ing both noninvasive5 and invasive ventilation.8 The sim-
ilar efficiency of the nebulizer and MDI reported in our
study suggests that the MDI might be used effectively with
many patients receiving NPPV. If a high dose is needed,
either a nebulizer can be used or the number of MDI
actuations can be increased. Moreover, our results suggest
that the delivered dose with the MDI is relatively consis-
tent, regardless of the position of the leak port. In fact,
with the Mirage mask the MDI delivered a more efficient
dose than the nebulizer.

Our results suggest that the nebulizer dose may need to
be increased with a system that incorporates the leak port
into the mask. A measurable amount of albuterol is deliv-
ered if an MDI with spacer is used, and, moreover, the
delivered dose is relatively constant, regardless of the po-
sition of the leak port. Our results suggest that an MDI can
be used during NPPV, but it is important that it is actuated
at the initiation of the inspiratory phase.

Our in vitro data should be confirmed clinically. Ex-
trapolating in vitro results can be problematic unless key
variables are carefully controlled.9 We compared only 2
types of leak ports, and care must be used if extrapolating
these results to other types of leak ports that may be used
during NPPV. We used only one type of spacer with the
MDI, and one type of nebulizer, and we evaluated only
one drug formulation. We used only one brand of venti-
lator, 2 mask types, one nebulizer position in the circuit,
and one ventilatory pattern. Further work should evaluate
the effect of these factors on aerosol delivery during NPPV.

We used both mask types with the same ventilator, al-
though that ventilator was specifically designed for the
mask that has the leak port in the circuit. In our practice,
masks and ventilators are commonly interchanged, and, to
our knowledge, this has not been reported to affect venti-
lator function. One study10 reported the dynamic dead space
in masks used for NPPV. That study compared various
combinations of masks and ventilators and did not report
interference with ventilator function. In a previous study
from our laboratory,11 we reported oxygen delivery using
different masks with the same ventilator type and reported
no interference with ventilator function. In this study we
detected no obvious interference with ventilator function
using the different mask types.

Conclusions

Albuterol delivery with NPPV is affected by the aerosol
delivery device, by the location of the leak port, and by

Fig. 4. Absolute amount of albuterol delivered when the metered-
dose inhaler was actuated at the initiation of inhalation, compared
to actuation during exhalation. The nominal dose of albuterol was
400 �g (4 actuations).
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actuating the MDI at the proper time in the respiratory
cycle.

REFERENCES

1. Hess DR. The evidence for noninvasive positive-pressure ventilation
in the care of patients in acute respiratory failure: a systematic re-
view of the literature. Respir Care 2004;49(7):810–829.

2. Duarte AG. Inhaled bronchodilator administration during mechani-
cal ventilation. Respir Care 2004;49(6):623–634.

3. Pollack CV, Fleisch KB, Dowsey K. Treatment of acute broncho-
spasm with �-adrenergic agonist aerosols delivered by a nasal bilevel
positive airway pressure circuit. Ann Emerg Med 1995;26(5):552–557.

4. Fauroux B, Itti E, Pigeot J, Isabey D, Meignan M, Ferry G, et al.
Optimization of aerosol deposition by pressure support in children
with cystic fibrosis: an experimental and clinical study. Am J Respir
Crit Care Med 2000;162(6):2265–2271.

5. Nava S, Karakurt S, Rampulla C, Braschi A, Fanfulla F. Salbutamol
delivery during non-invasive mechanical ventilation in patients with
chronic obstructive pulmonary disease: a randomized, controlled
study. Intensive Care Med 2001;27(10):1627–1635.

6. Chatmongkolchart S, Schettino GP, Dillman C, Kacmarek RM, Hess
DR. In vitro evaluation of aerosol bronchodilator delivery during
noninvasive positive pressure ventilation: effect of ventilator settings
and nebulizer position. Crit Care Med 2002;30(11):2515–2519.

7. Diot P, Morra L, Smaldone GC. Albuterol delivery in a model of
mechanical ventilation: comparison of metered-dose inhaler and neb-
ulizer efficiency. Am J Respir Crit Care Med 1995;152(4 Pt 1):
1391–1394.

8. Dhand R, Duarte AG, Jubran A, Jenne JW, Fink JB, Fahey PJ, Tobin
MJ. Dose-response to bronchodilator delivered by metered-dose in-
haler in ventilator-supported patients. Am J Respir Crit Care Med
1996;154(2 Pt 1):388–393.

9. Miller DD, Amin MM, Palmer LB, Shah AR, Smaldone GC.
Aerosol delivery and modern mechanical ventilation: in vitro/in
vivo evaluation. Am J Respir Crit Care Med 2003;168(10):1205–
1209.

10. Saatci E, Miller DM, Stell IM, Lee KC, Moxham J. Dynamic dead
space in face masks used with noninvasive ventilators: a lung model
study. Eur Respir J 2004;23(1):129–135.

11. Schwartz AR, Kacmarek RM, Hess DR. Factors affecting oxygen
delivery with bi-level positive airway pressure. Respir Care 2004;
49(3):270–275.

ALBUTEROL DELIVERY DURING NONINVASIVE VENTILATION

RESPIRATORY CARE • DECEMBER 2005 VOL 50 NO 12 1653


