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BACKGROUND: Despite the clinical improvements attributed to noninvasive ventilation (NIV)
during asthma crises, and the well established effects of nebulization, there are few studies on the
effects of these interventions together. We hypothesized that nebulization coupled to NIV should
raise radio-aerosol pulmonary deposition in asthmatics. The aims of this study were to assess the
effects of coupling ␤-agonist nebulization and NIV during asthma exacerbations on radio-aerosol
pulmonary deposition, using scintigraphy and cardiopulmonary parameters, to correlate pulmonary function with radio-aerosol deposition index, radio-aerosol penetration index, and pulmonary
clearance. METHODS: In this controlled trial, 21 adults with moderate to severe asthma attack
were randomized to a control group (n ⴝ 11) or experimental group (NIV ⴙ nebulizer group,
n ⴝ 10). All subjects inhaled bronchodilators for 9 minutes, and after particles were counted with
a gamma camera to analyze regions of interest and pulmonary clearance at 0, 15, 30, 45, and 60 min.
RESULTS: Breathing frequency (P ⴝ < .001) and minute ventilation (P ⴝ .01) were reduced, and
tidal volume was increased (P ⴝ .01) in the NIV ⴙ nebulizer group, compared with the control
group. The NIV ⴙ nebulizer group had improvement from baseline values, compared to the control
group in the following parameters: FEV1 46.7 ⴞ 0.5% of predicted vs 29.8 ⴞ 8.9% of predicted,
P ⴝ .02), FVC (41.2 ⴞ 1.5% of predicted vs 23.2 ⴞ 7.1% of predicted, P ⴝ .02), peak expiratory
flow (67.3 ⴞ 38.3% of predicted vs 26.9 ⴞ 12.1% of predicted, P ⴝ .01), and inspiratory capacity
(54.9 ⴞ 28.8% of predicted vs 31.2 ⴞ 9.1% of predicted, P ⴝ .01). No differences were observed
between groups regarding radio-aerosol deposition index or pulmonary clearance. Negative correlations were found between FEV1, forced expiratory flow during the middle half of the FVC
maneuver (FEF25–75%), inspiratory capacity, and radio-aerosol penetration index. CONCLUSIONS:
Coupling nebulization and NIV during asthma exacerbation did not improve radio-aerosol pulmonary deposition, but we observed clinical improvement of pulmonary function in these subjects.
(ClinicalTrials.gov registration NCT01012050) Key words: noninvasive ventilation; asthma; nebulization; pulmonary scintigraphy; radio-aerosol; pulmonary function. [Respir Care 2013;58(2):241–249.
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Introduction
Asthma is highly prevalent worldwide and exacerbations can lead to acute respiratory failure.1–3 The first line

Mr Galindo-Filho, Ms Brandão, Ms Ferreira, Ms Silva, and Dr Dornelas
de Andrade are affiliated with the Department of Physiotherapy, Universidade Federal de Pernambuco, Recife, Brazil. Ms Menezes and
Mr Almeida-Filho are affiliated with the Department of Nuclear Medi-

RESPIRATORY CARE • FEBRUARY 2013 VOL 58 NO 2

of treatment for asthma exacerbations is nebulization with
␤ agonists in order to reverse the bronchospasm.2,4 – 8
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NONINVASIVE VENTILATION COUPLED WITH NEBULIZATION DURING ASTHMA CRISES
The benefits of noninvasive ventilation (NIV) in the
treatment of asthma include reduced work of breathing,
improvements in oxygenation, increased peak expiratory
flow (PEF) and FEV1,9 –16 and accelerated bronchodilation.17 Despite the clinical improvements attributed to NIV
and the well established effects of nebulization, there are
few studies addressing the use of both methods together.
Such studies would help to elucidate whether or not the
improved deposition of ␤ agonists with NIV enhances the
effects of bronchodilators.
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We found no studies involving the scintigraphic analysis of radio-aerosol deposition coupled with NIV during
asthma crises. However, a previous study published by our
group found lesser deposition after coupling NIV to nebulization in healthy subjects.18 However, we hypothesized
that nebulization of bronchodilators coupled with NIV
would increase pulmonary deposition in acute asthma, and
thus improve clinical parameters, compared to nebulization alone.
The aims of the present study were to assess the effect
of coupling nebulization with NIV during asthma crises on
radio-aerosol lung deposition and cardiopulmonary parameters, and to correlate pulmonary function with the radioaerosol deposition index, radio-aerosol penetration index,
and pulmonary clearance.
Methods
This work was performed at Professor Barros Lima Hospital and Português Hospital, Recife City, Brazil.
Subjects and Study Design
A controlled randomized trial was carried out in a public emergency room. Thirty-nine males and females, ages
18 – 65 years, with acute asthma, were enrolled in the study.

Dr Dornelas de Andrade presented a version of this paper at the meeting
of the European Respiratory Society, held September 12–15, 2009, in
Vienna, Austria.
This research was partly supported by Coordenação de Aperfeiçoamento
de Pessoal de Nível Superior and Conselho Nacional de Desenvolvimento Científico e Tecnológico. The authors have disclosed relationships
with Kesa Sourcing and White Martins Gases Industriais.
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QUICK LOOK
Current knowledge
Aerosol delivery of ␤ agonists for reversal of bronchospasm is the mainstay of treatment for asthma exacerbations. Application of noninvasive ventilation (NIV)
in asthmatic exacerbations may reduce the work of
breathing and improve bronchodilator delivery, but
has not been shown to alter outcomes. The use of NIV
coupled with aerosolized ␤ agonists has not been specifically evaluated in acute asthma.
What this paper contributes to our knowledge
The addition of aerosolized ␤ agonists to NIV during
asthma exacerbation did not improve radio-aerosol pulmonary deposition. NIV use was associated with more
efficient ventilation, a reduction in respiratory rate, and
increased tidal volume.

Subjects were diagnosed by the attending physician, and
inhaled salbutamol (2.5 mg) and ipratropium bromide
(0.25 mg) according to prescription. Spirometry was performed after 30 min (Vitalograph 2120, Vitalograph, Buckingham, United Kingdom).10 A variance of 0.2 L was allowed between tests, and the average of 3 measurements
was recorded.19
This study was approved by our human research ethics
committee, and all subjects gave written informed consent
after being fully informed about the protocol. The trial was
registered in ClinicalTrials.gov according to the registration number NCT01012050.
Inclusion and Exclusion Criteria
The following were the inclusion criteria: moderate to
severe asthma (FEV1 ⬍ 60% of predicted values),20,21
breathing frequency ⬎ 25 breaths/min, more than one
year elapsed since the diagnosis of asthma, current asthma
attack lasting ⬍ 7 days, and reversibility of FEV1 ⱕ 10%
following administration of bronchodilator. On the other
hand, exclusion criteria were smoking history, cardiopulmonary diseases (COPD, pneumonia, cardiac failure,
myocardial infarction, pneumothorax) hyperthermia, indication for mechanical ventilation, hemodynamic instability (heart rate ⬎ 150 beats/min and systolic blood pressure
⬍ 90 mm Hg), arrhythmia, changes in consciousness, pregnancy, and contraindications for use of NIV.11
Procedures
Subjects were randomly allocated, with the use of a
computer program, into 2 groups. The control group consisted of subjects using nebulization alone (control), and
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NONINVASIVE VENTILATION COUPLED WITH NEBULIZATION DURING ASTHMA CRISES
the experimental group consisted of subjects receiving NIV
coupled to nebulization (NIV ⫹ nebulizer group). Group
allocation was assigned after admission, which prohibited
blind allocation. For ethical reasons, no sham group was
used.
The cardiopulmonary parameters were measured before
and after inhalation protocol, and we considered the average obtained after 3 maneuvers from each parameter in
both groups (breathing frequency, SpO2, tidal volume [VT],
minute ventilation [V̇E], heart rate, systolic blood pressure,
diastolic blood pressure, and inspiratory capacity), using
pulse oximetry (Active, Ecafix, São Paulo, Brazil), a manual pressure manometer (DS 44 –11, Welch Allyn, Beaverton, Oregon), and a ventilometer (Wright Respirometer
Mark 8, Ferraris Medical, London, United Kingdom). For
inspiratory capacity, the reference values reported by Stocks
and Quanjer were used.22
An established protocol was used for the radio-aerosol
inhalation of diethylene triamine penta-acetic technetium
(DTPA-Tc99m) with radioactivity of 25 millicuries.23 The
jet nebulizer (NS Products, São Paulo, Brazil) was positioned between the mask and exhalation orifice using a
T piece, with particle size generation in the 5 m range
(according to the manufacturer’s information), and oxygen
flow titrated at 7 L/min (OXI, Biotecmed, São Paulo,
Brazil) for 9 min (sufficient time to complete the dose).
DTPA-Tc99m was added to the bronchodilator, and saline
solution was used to complete 4 mL. VT and inspiratory
flow were measured at the 3rd, 6th, and 9th min by a flow
sensor (TRACE-5, Intermed, São Paulo, Brazil) placed in
the circuit without interruption of inhalation or affecting
drug delivery. Bi-level positive airway pressure (BiPAP
Synchrony, Respironics, Murrysville, Pennsylvania) was
applied using a face mask (ComfortFull 2, Respironics,
Murrysville, Pennsylvania) attached with straps. The pressures adjusted were 12 cm H2O of inspiratory pressure and
5 cm H2O of expiratory pressure at the beginning of the
procedure. The control group performed inhalation using
the same mask and straps as the NIV ⫹ nebulizer group.
Radioactivity counts were performed using a gamma
camera (Forte, Adac Laboratories, Milpitas, California) at
intervals of 0, 15, 30, 45, and 60 min.18 Regions of interest
were delimited based on a previous protocol.23 The radioaerosol deposition index was expressed as percentage and
was calculated as the ratio of the count in each region of
interest to the total count in each lung. The radio-aerosol
penetration index for each lung was expressed as the ratio
between the count in the central region to the count in the
peripheral region, considering the sum of deposition in the
intermediate and peripheral regions of interest:
Radio-aerosol penetration index ⫽ central region/
peripheral region ⫻ 100
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Pulmonary clearance assessed the permeability of the
epithelial alveoli barrier through images obtained at intervals of 0, 15, 30, 45, and 60 min.
Statistical Analysis
The primary outcomes were radio-aerosol deposition
index, radio-aerosol penetration index, and pulmonary
clearance. Thus, spirometry and cardiopulmonary variables after and before one hour of inhalation protocol for
both groups were considered as secondary outcomes.
The sample size was based on a power of 90%, ␣ ⫽ .05
and ␤ ⫽ .10, using data from a previous study,18 and
established a minimum of 7 individuals per group. The
Kolmogorov-Smirnov and Levene tests were employed
first. The paired Student t test was used to analyze intragroup variance. The independent Student t test was used to
compare intra-group variance. Pulmonary clearance analysis was performed with multivariate analysis of variance.
The Pearson correlation was used to compare the radioaerosol deposition index, radio-aerosol penetration index,
and pulmonary clearance with pulmonary function. The
results are expressed as mean ⫾ SD, considering a 95% CI
(P ⬍ .05).
Results
Thirty-nine subjects were admitted during the study, but
6 declined to participate, 5 did not meet the eligibility
criteria (age and smoking history), 2 did not adapt to the
NIV mask, and 5 did not complete the experiment. Thus,
21 subjects participated and were randomly allocated to
the 2 groups, as shown in Figure 1. Subject characteristics
(ie, anthropometric data and pulmonary function) were
similar between groups, as presented in Table 1.
Cardiopulmonary Parameters
There was a reduction in breathing frequency and V̇E
and an increase in VT and inspiratory capacity in the
NIV ⫹ nebulizer group, in comparison to the control group,
as shown in Table 2. No statistically significant differences were detected between groups with regard to heart
rate, SpO2, systolic blood pressure, and diastolic blood pressure following intervention. There were percentage gains
in FEV1, FVC, and PEF in the NIV ⫹ nebulizer group, in
comparison to the control group, as presented in Table 3.
No significant differences were detected between groups
with regard to forced expiratory flow during the middle
half of the FVC maneuver (FEF25–75%). VT and inspiratory
flow increased in the NIV ⫹ nebulizer group, in comparison to the control group: VT 1.0 ⫾ 0.39 L vs 0.6 ⫾ 0.20 L
(P ⫽ .01), inspiratory flow 47.4 ⫾ 11.1 L/min vs
34.7 ⫾ 11.1 L/min (P ⫽ .02).
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Table 1.

Anthropometric and Cardiopulmonary Characteristics
Nebulizer
Control
Group
(n ⫽ 11)

Fig. 1. Flow diagram of the study.

Radio-aerosol Pulmonary Deposition
There were no significant differences in radio-aerosol
lung deposition between groups. The total amount of radio-aerosol particles deposited in the right lung was
216,058 ⫾ 56,462 counts and 193,235 ⫾ 115,501 counts
in the control and NIV ⫹ nebulizer groups, respectively.
Regarding the left lung, the total amount of deposition
reached was 173,626 ⫾ 69,835 counts and 161,143 ⫾
96,912 counts in the control and NIV ⫹ nebulizer groups,
respectively.
Table 4 presents the results of the intra-group analysis
of radio-aerosol deposition index with respect to the vertical and horizontal differences for each region of interest.
There were intra-group differences, except when the upper
and lower thirds of the left lung were compared in the
NIV ⫹ nebulizer group. There was no difference in radioaerosol penetration index between groups, but there was a
negative correlation between radio-aerosol penetration index and FEV1, FEF25–75%, and inspiratory capacity obtained upon admission of the subjects in the control group,
and FEF25–75% in the left lung in the NIV ⫹ nebulizer
group, as shown in Table 5. The analysis of qualitative
radio-aerosol deposition revealed greater particle deposition in the central region in the right and left lungs in both
groups, characterized by the presence of “hot spots,” as
shown in Figure 2. For the pulmonary clearance analysis,
zero time was considered the first image obtained at the
end of inhalation. After intervals of 15, 30, 45, and 60 min,
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NIV ⫹
Nebulizer
Group
(n ⫽ 10)

Age, y
44.2 ⫾ 10.3
49.5 ⫾ 8.93
Male/female, no.
4/7
2/7
26.4 ⫾ 3.46
27.9 ⫾ 4.76
BMI, kg/m2
Breathing frequency, breaths/min 29.2 ⫾ 1.40
30.2 ⫾ 2.04
95.4 ⫾ 1.74
95.6 ⫾ 1.50
SpO2, %
VT, L
0.37 ⫾ 0.09
0.35 ⫾ 0.07
V̇E, L
10.6 ⫾ 2.45
10.7 ⫾ 2.23
Heart rate, beats/min
83.4 ⫾ 11.4
79.2 ⫾ 12.79
Systolic blood pressure, mm Hg 126.4 ⫾ 16.4
125.8 ⫾ 13.89
Diastolic blood pressure, mm Hg 84.5 ⫾ 10.3
81.0 ⫾ 10.22
FEV1, % predicted
44.2 ⫾ 18.7
51.3 ⫾ 11.5
FEV1, L
1.18 ⫾ 0.45
1.28 ⫾ 0.23
FVC, % predicted
43.1 ⫾ 18.7
50.2 ⫾ 11.3
FVC, L
1.49 ⫾ 0.52
1.59 ⫾ 0.50
PEF, % predicted
41.6 ⫾ 10.3
40.4 ⫾ 9.7
PEF, L/min
158.7 ⫾ 45.55 140.19 ⫾ 47.64
31.8 ⫾ 11.9
38.5 ⫾ 7.2
FEF25–75%,% predicted
FEF25–75%, L
1.03 ⫾ 0.56
1.20 ⫾ 0.44
Inspiratory capacity, % predicted 55.4 ⫾ 15.5
59.9 ⫾ 15.8
Inspiratory capacity, L
1.16 ⫾ 0.37
1.26 ⫾ 0.52

P

.58
.57
.22
.69
.67
.90
.59
.50
.57
.44
.53
.74
.73
.70
.49
.12
.45
.79
.38

Except for male/female, the values are mean ⫾ SD.
NIV ⫽ noninvasive ventilation
BMI ⫽ body mass index
VT ⫽ tidal volume
V̇E ⫽ minute ventilation
PEF ⫽ peak expiratory flow
FEF25–75% ⫽ forced expiratory flow during the middle half of the FVC maneuver

new images were taken in order to perform a temporal
analysis. There was an intra-group count reduction in pulmonary clearance over time (P ⫽ .82), but no difference
was detected between groups.
To compare radio-aerosol deposition across time intervals, linear regression models were adjusted for each group
and logarithmic equations were obtained:
Log Tclearance ⫽ 12.57 ⫺ 0.0147 ⫻ time
(NIV ⫹ nebulizer group)
in which log Tclearance is a logarithm transformation in
relation to the time of pulmonary clearance, and
Log Tclearance ⫽ 12.78 ⫺ 0.0154 ⫻ time (control group)
Based on these equations, mean radio-aerosol half-life
was approximately 34 min in the NIV ⫹ nebulizer group
and 39 min in the control group, as shown in Figure 3.
Thus, Figure 4 illustrates the qualitative pulmonary clearance in subjects with different degrees of obstruction.
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Table 2.

Ventilatory Data

f, breaths/min
Before
After
V T, L
Before
After
V̇E, L
Before
After

Nebulizer
Control
Group
(n ⫽ 11)

NIV ⫹
Nebulizer
Group
(n ⫽ 10)

P

29.2 ⫾ 1.40
21.1 ⫾ 2.21

30.2 ⫾ 2.04
14.3 ⫾ 2.54

.22
⬍ .001

0.37 ⫾ 0.09
0.46 ⫾ 0.08

0.35 ⫾ 0.07
0.55 ⫾ 0.07

.67
.01

10.6 ⫾ 2.45
9.65 ⫾ 1,63

10.7 ⫾ 2.23
7.77 ⫾ 0.84

.90
.006

Values are mean ⫾ SD. Level of significance P ⬍ .05 via Student t test for independent
samples.
NIV ⫽ noninvasive ventilation
f ⫽ breathing frequency
VT ⫽ tidal volume
V̇E ⫽ minute ventilation

Table 3.

Pulmonary Function Test Data

FEV1, % predicted
Before
After
Percent gain
FVC, % predicted
Before
After
Percent gain
PEF, % predicted
Before
After
Percent gain
Inspiratory capacity,
% predicted
Before
After
Percent gain

Nebulizer
Control
Group

NIV ⫹
Nebulizer
Group

P

44.2 ⫾ 18.7
57.4 ⫾ 15.3
29.8 ⫾ 8.9

51.3 ⫾ 11.5
75.3 ⫾ 15.7
46.7 ⫾ 0.5

.44
⬍ .001
.02

43.1 ⫾ 18.7
53.1 ⫾ 12.8
23.2 ⫾ 7.1

50.2 ⫾ 11.3
70.9 ⫾ 15.1
41.2 ⫾ 1.5

.74
.006
.02

41.6 ⫾ 10.3
52.8 ⫾ 9.9
26.9 ⫾ 12.1

40.4 ⫾ 9.7
67.6 ⫾ 19.1
67.3 ⫾ 38.3

.70
.04
.01

55.4 ⫾ 15.5
72.7 ⫾ 16.9
31.2 ⫾ 9.1

59.9 ⫾ 15.8
92,8 ⫾ 21.6
54.9 ⫾ 28.8

.79
.02
.01

Values are mean ⫾ SD. Level of significance P ⬍ .05 via Student t test for independent
samples.
NIV ⫽ noninvasive ventilation
PEF ⫽ peak expiratory flow

Discussion
This controlled randomized trial demonstrated that
coupling nebulization with NIV during asthma exacerbations leads to an improvement of pulmonary function,
specifically FEV1, FVC, PEF, VT, V̇E, and inspiratory
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capacity. However, no difference in radio-aerosol pulmonary deposition was observed in either group.
During asthma attacks, patients experience an increase
in work of breathing, reflected in a rise in breathing frequency, V̇E, and excessive recruitment of accessory muscles.9,14 In the present study, breathing frequency and V̇E
decreased in the group using nebulized ␤ agonists coupled
with NIV. These findings corroborate previous studies reporting a reduction in breathing frequency and respiratory
muscle recruitment, as well as improved gas exchange in
patients with asthma treated with NIV in emergency rooms
or hospitals.9,10,12,13,16,24 –26
There was also an increase in VT in the NIV ⫹ nebulizer group, when compared to the control group. This may
be due to the benefits of inspiratory pressure, which diminishes muscle fatigue and dyspnea and improves VT
due to the increase in ventilatory comfort.24
Regarding the spirometric data, FVC, FEV1, and PEF
increased in the NIV ⫹ nebulizer group. Similar results
were reported by Pollack et al,12 who found an increase in
PEF in patients with asthma after delivering ␤ agonists
through bi-level positive airway pressure, when compared
to the group that received only nebulization. However, the
methodology employed by the authors did not elucidate
whether the increase in PEF was due to mechanical bronchodilation or greater drug deposition. In a recent study
published by our group, Brandão et al26 reported a reduction in bronchial obstruction and symptoms secondary to
augmented PEF after coupling nebulization with NIV in
individuals with asthma.
Soroksky et al10 administered NIV alone using bi-level
positive airway pressure on patients with asthma, and observed improvements in the spirometric data, as well as
the relief of respiratory discomfort and a reduction in the intubation rate. These results could be explained by the alleviation of the load imposed on the inspiratory muscles
and the direct bronchodilator effect of NIV, thereby diminishing intrinsic PEEP and favoring the recruitment of
collapsed alveolar units. Soma et al15 administered bi-level
positive airway pressure for 40 min to patients with mild
to moderate asthma and found improved pulmonary function and the relief of respiratory discomfort when using
lower pressure levels. The fact that these studies did not
administer NIV coupled to nebulization limits comparisons to our findings. Thus, to our knowledge, our study is
the first controlled randomized trial using simultaneous
NIV and nebulization.
There was a greater increase in inspiratory capacity in
the group that received NIV ⫹ nebulizer. A number of
studies have demonstrated inspiratory capacity gains in
patients with COPD (ie, reduced dynamic hyperinflation)
after treatment with drugs or pulmonary rehabilitation.27,28
The higher percentage gain in inspiratory capacity was
likely due to a decrease in inspiratory muscle load as a
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Table 4.

Radio-Aerosol Deposition Index Differences
Vertical Differences

Horizontal Differences

Group
Right lung

Nebulizer

NIV ⫹ nebulizer

Left lung

Nebulizer

NIV ⫹ nebulizer

Lung Region

P

Lung Region

P

Upper third ⬍ middle third
Upper third ⬍ lower third
Middle third ⬎ lower third
Upper third ⬍ middle third
Upper third ⬍ lower third
Middle third ⬎ lower third
Upper third ⬍ middle third
Upper third ⫽ lower third
Middle third ⬎ lower third

⬍ .001
⬍ .001
.02
⬍ .001
.007
.007
.002
.52
.001

Central third ⬎ intermediate third
Central third ⬎ peripheral third
Intermediate third ⬎ peripheral third
Central third ⬎ intermediate third
Central third ⬎ peripheral third
Intermediate third ⬎ peripheral third
Central third ⬎ intermediate third
Central third ⬎ peripheral third
Intermediate third ⬎ peripheral third

.02
⬍ .001
⬍ .001
.01
⬍ .001
⬍ .001
.004
⬍ .001
⬍ .001

Upper third ⬍ middle third
Upper third ⬍ lower third
Middle third ⬎ lower third

⬍ .001
.01
.02

Central third ⬎ intermediate third
Central third ⬎ peripheral third
Intermediate third ⬎ peripheral third

⬍ .001
⬍ .001
⬍ .001

Values are given as mean ⫾ SD. Level of significance P ⬍ .05 via Student t test for independent samples.
NIV ⫽ noninvasive ventilation

Table 5.

Correlation of Radio-Aerosol Penetration Index, Pulmonary Function, and Inspiratory Capacity

Group

Nebulizer

NIV ⫹ nebulizer

Pearson Correlation
Coefficient (r)*

Variables

FEV1
FEF25–57%
Inspiratory capacity
FEF25–57%

P

Right Lung

Left Lung

Right Lung

Left Lung

⫺0.784
⫺0.709
⫺0.914

⫺0.656
⫺0.623
⫺0.788
⫺0.742

.004
.02
⬍ .001

.03
.04
.004
.01

* Pearson correlation test was used appropriately for comparisons in each group.
FEF25–75% ⫽ forced expiratory flow during the middle half of the FVC maneuver
NIV ⫽ noninvasive ventilation

Fig. 2. Heterogeneous deposition pattern in scintigraphic images
of subjects with asthma, with a predominance of radio-aerosol
deposition in the central region in a subject in the control group (A)
and another in the noninvasive ventilation ⫹ nebulizer group (B).

consequence of the expiratory pressure applied to reduce
air trapping, with a decrease in intrinsic PEEP and an
increase in inspiratory capacity.
No reports were found in the literature on the distribution of ventilation assessed by scintigraphy on patients

246

with asthma involving NIV and nebulization simultaneously. However, a decrease in peripheral aerosol deposition, with greater particle impaction in the upper airways,
has been reported in patients with stable chronic bronchitis
using intermittent positive-pressure breathing, in comparison to nebulization during spontaneous breathing.29 On
the other hand, a 30% increase in radio-aerosol deposition
without impaction in the proximal airways during application of NIV has been observed in children with cystic
fibrosis.30
In the present study, no difference was found in radioaerosol deposition between groups. Comparisons to
the studies described above are limited due to the pathological conditions of the present sample. A previous study
conducted by our group on healthy subjects found greater
radio-aerosol deposition in the group that nebulized only,
when compared to the group that received nebulization
through bi-level positive airway pressure. Thus, the study
also reports a correlation between particle counts and VT,
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Fig. 3. Radio-aerosol lung deposition (counts) based on lung clearance time in both groups of subjects with asthma treated in the
emergency room. Analysis of variance was performed to compare
both groups with repeated measurements, and no difference was
found between them.

with a lower inspiratory flow (25 L/min), which may have
increased the ventilation distribution.18
Several factors can influence aerosol deposition, and
inspiratory flow is an important determinant of particle
transport and deposition. Higher flows could lead to greater
aerosol impaction in the upper and central airways, as
turbulent flows produce strong inertial forces that impact
aerosols in the proximal airways.31–33 Inspiratory flow and
VT were monitored during inhalation, and an increase in
these variables was observed in the NIV ⫹ nebulizer group,
when compared to the control group. Both groups had an
inspiratory flow above 30 L/min, favoring greater penetration of radio-aerosol in the central airways. Previous
studies described similar results, with flow values of around
40 L/min contributing to less peripheral deposition.18,33
The analysis of deposition in the vertical differences
revealed greater deposition in the middle third in comparison to the upper and lower thirds, and in the lower third,
in comparison to the upper third, in both lungs. However,
no difference in radio-aerosol counts was detected between
the upper and lower thirds of the left lung in the control
group. This regional difference could be attributed to the
vertical difference between the base and apex of the lung,
which are in different positions on the pressure-volume
curve.34 This should be explained by the scintigraphic images obtained from asthmatics that showed a different deposition pattern, which suggests that obstruction level can
affect pulmonary segments differently.
Irregular deposition pattern observed in the images suggests that obstruction may affect pulmonary segments in a
variable manner. Another consideration that explains the

RESPIRATORY CARE • FEBRUARY 2013 VOL 58 NO 2

Fig. 4. Images taken during pulmonary clearance of subjects with
asthma whose crisis classification was severe (A) and moderate (B).

highest deposition is that central airways are located in the
middle third, and aerosol was deposited more centrally.
Regarding deposition in the horizontal differences,
greater deposition occurred in the central region, when
compared to the intermediate and peripheral regions. In
regions with mild to severe obstruction, increased velocity
and turbulent flows seem to promote deposition through
the impaction mechanism, resulting in a concentration of
radio-aerosol in “hot spots” near the obstructed areas.33
The radio-aerosol penetration index was higher in the
central regions of the lungs in both groups, thereby reducing the percentage that reached the intermediate and peripheral regions. Fauroux et al33 found a higher radioaerosol penetration index in the NIV ⫹ nebulizer group,
but the comparison of those data to our results is limited,
as the patients assessed in the Fauroux et al study had
cystic fibrosis, and the obstruction measured by the spirometry differed from those patients with asthma.
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The analysis of radio-aerosol penetration index in relation to spirometric parameters and inspiratory capacity
revealed a negative correlation to FEV1, FEF25–75%,
and inspiratory capacity in the control group and only to
FEF25–57% in the NIV ⫹ nebulizer group. The NIV ⫹ nebulizer group probably presented less correlation between
radio-aerosol penetration index and lung function because
NIV itself improved lung function substantially, which
obscured the response from regional deposition aerosol.
According to pulmonary clearance, radio-aerosol particles can be eliminated through the respiratory epithelium,
mucociliary clearance, and coughing, which are related to
the particle deposition site.35 DTPA-Tc99m was used in
the present study, which is cleared through the alveolarcapillary membrane, with a mean biologic half-life of approximately 60 min. Mean radio-aerosol half-life did not
achieve statistical significance and the data were similar
in both groups, possibly due to the bronchial obstruction
in patients with asthma, leading to a reduction in radioaerosol deposition in the peripheral airways. Thus, when
bronchodilators are administered during an asthma crisis,
pulmonary clearance time should be considered, given that
it may influence the response.
Some limitations should be considered when interpreting the results of this study. First, no validated protocols
were found in the literature consulted concerning the application of bi-level inspiratory and expiratory pressures in
patients with asthma. For this reason, the decision was
made to use the values reported in a previous study published by our group. Second, there was no determination
of the extent to which this response improves other clinical
outcomes, such as stay in the emergency room and hospitalization rates.
Conclusions
Finally, to our knowledge this is the first study to couple
nebulization and NIV through scintigraphy in the treatment of asthma exacerbations, and we conclude that:
• NIV did not increase aerosol deposition or improve penetration index.
• It is technically feasible to deliver aerosol effectively
during NIV in asthmatics.
• NIV has additive benefits to the treatment of acute asthma,
as measured by the acute changes in respiratory variables.
Further studies are necessary to see if NIV reduces hospitalization rates from the emergency room, or reduces
length of hospital stay.
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