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Abstract

Background This study compares the effect of heliox-

driven to that of air-driven bronchodilator therapy on the

pulmonary function test (PFT) in patients with different

levels of asthma severity.

Methods One-hundred thirty-two participants were inclu-

ded in the study. Participants underwent spirometry twice

with bronchodilator testing on two consecutive days. Air-

driven nebulization was used one day and heliox-driven

nebulization the other day in random order crossover design.

After a baseline PFT, each participant received 2.5 mg of

albuterol sulfate nebulized with the randomized driving gas.

Post bronchodilator PFT was repeated after 30 min. The

next day, the exact same protocol was repeated, except that

the other driving gas was used to nebulize the drug. Partic-

ipants were subgrouped and analyzed according to their

baseline FEV1 on day 1: Group I, FEV1 C80 %; Group II,

80 % [ FEV1 [ 50 %; Group III, FEV1 B50 %. The pro-

portion of participants with greater than 12 % and 200-mL

increases from their baseline FEV1 and the changes from

baseline in PFT variables were compared between heliox-

driven versus air-driven bronchodilation therapy.

Results The proportion of participants with [12 % and

200-mL increases from their baseline FEV1 with air- or he-

liox-driven bronchodilation was not different with respect to

the proportion of participants with baseline FEV1 C80 % (20

vs. 18 %, respectively) and 80 % [ FEV1 [ 50 % (36 vs.

43 %, respectively), but it was significantly greater with he-

liox-driven bronchodilation in participants with FEV1 B50 %

(43 vs. 73 %, respectively; p = 0.01). Changes from baseline

FVC, FEV1, FEV1/FVC, FEF25–75 %, FEFmax, FEF25 %,

FEF50 %, and FEF75 % were significantly larger with heliox-

driven versus air-driven bronchodilation in participants with

baseline FEV1 B50 %.

Conclusion Improvements in PFT variables are more

frequent and profound with heliox-driven compared to air-

driven bronchodilator therapy only in asthmatic patients

with baseline FEV1 B50 %.
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Introduction

The effectiveness of nebulized bronchodilator therapy in

patients with acute or chronic obstructive airway disease

depends on the site of aerosol deposition in the trachea-bron-

chial tree [1–4]. When nebulizing bronchodilators with either

100 % oxygen or air (21 % oxygen and 79 % nitrogen), much

of the mass of inhaled aerosols is deposited in the nasopharynx,

the trachea, and the large airways and little of the drug is

delivered to the distal airways [1, 2]. The unfavorable distri-

bution may compromise the anticipated positive bronchodila-

tor effect. This phenomenon can be more pronounced during

exacerbations of obstructive airway disease because of

increased airway resistance resulting in turbulent airflow [3, 4].
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Heliox (80:20) (a mixture of 80 % helium and 20 %

oxygen) is less dense than both air and oxygen. Helium is a

chemically inert, odorless, tasteless, poorly soluble, non-

combustible gas that has no bronchodilator or anti-inflam-

matory properties [3, 5, 6]. Because of its lower density and

greater safety, heliox may be a better vehicle for the delivery

of aerosolized bronchodilator drugs resulting in a superior

distribution and deposition of the bronchodilator agents into

the distal airways and thus a better response to bronchodilator

therapy [7, 8]. Several previous studies have shown that he-

liox-driven b2-agonist aerosol therapy can improve measures

of lung function and dyspnea scores when compared to air- or

oxygen-driven b2-agonist aerosol therapy [7–11]. However,

most of these studies were done with no stratification with

respect to the severity of airway obstruction [8, 10, 11].

The aim of this study was to compare the effect of he-

liox-driven to air-driven b2-agonist aerosol therapy on

pulmonary functions tests (PFT) among asthmatic patients

with different levels of severity of airway obstruction.

Methods

Study Sample

This study was approved by the Institutional Review Board

at the American University of Beirut, and written informed

consent for participation was obtained from each partici-

pant. Subjects of both genders, 18 years or older, not

known to have obstructive lung diseases and who were

referred to the Pulmonary Laboratory at the American

University of Beirut Medical Center for their first pre- and

post-bronchodilator PFT were considered for the study.

Pregnant women, morbidly obese patients (body mass

index [35 kg/m2), and patients who had an acute exacer-

bated shortness of breath in the week prior to enrollment

were excluded from the study. One hundred fifty partici-

pants were assessed with eligibility criteria and 132 par-

ticipants completed the study procedure (Fig. 1).

Bronchodilator Testing

Participants underwent spirometry twice with bronchodi-

lator testing on two consecutive days, at the same time of

the day, and were randomly assigned to receive air-driven

or heliox-driven nebulization of 2.5 mg of albuterol sulfate

(0.5 mL of the 0.5 % solution, diluted to a final volume of

3 mL with 0.9 % sodium chloride solution) one day and

heliox-driven nebulization of the same drug the other day.

After performing baseline spirometry, the nebulized

bronchodilator treatment was administered for 10 min at a

flow rate of 8 L/min with the randomized driving gas. A

dedicated flowmeter, calibrated for heliox (80:20) yet

similar to the oxygen flowmeter, was used whenever heliox

was the driving gas for nebulization. Nebulization of the

bronchodilator was performed using a small-volume neb-

ulizer interfaced with a non-rebreathing oronasal mask and

a large reservoir bag (Intersurgical, Berkshire, UK) to

avoid dilution with air during heliox-driven nebulization.

The same setup was used for air-driven nebulization. Post-

bronchodilator PFT was repeated 15–30 min after termi-

nation of nebulization. The next day, the exact protocol

Assessed for 
Eligibility

n=150 patients

Excluded (18):
-Refused to participate (12)
-Did not meet inclusion criteria (2)
-Other reasons (4)

Included in
the study (n=132)

Day 1
(n=44)

50%
Day 1
(n=44)

50% > Baseline FEV1
Day 1
(n=44)

Group I analyzed
(n=44)

Group II analyzed
(n=44)

Group III analyzed
(n=44)

Fig. 1 The CONSORT flow

diagram of the study
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was used except that the other driving gas was used to

nebulize the drug.

Randomization and Blinding

Simple randomization was done by selecting one of two

identical sealed envelopes containing the two possible

sequences of nebulizing gas sources for days 1 and 2. The

patients and the personnel conducting the PFTs were

blinded to the driving gas used to nebulize the broncho-

dilator. The heliox and compressed air cylinders were

totally covered and the patients were instructed not to talk

during and after nebulization of the bronchodilator to

prevent heliox-related voice changes from affecting the

blinding.

Pulmonary Function Test

Pulmonary function tests were performed using a Collins

CPF PF system (Ferraris Respiratory, Plano, TX, USA) that

was calibrated prior to each use as per the manufacturer’s

recommendations. Pre- and post-heliox-driven or com-

pressed air-driven PFTs, which included forced exhaled

volume in 1 s (FEV1), forced vital capacity (FVC), maxi-

mal midexpiratory flow rate (FEF25–75 %), maximal expi-

ratory flow rate (FEFmax), and forced expiratory flow at

25 % (FEF25 %), 50 % (FEF50 %) and 75 % (FEF75 %) of

the vital capacity were determined and analyzed according

to the American Thoracic Society guidelines [12]. The

prediction equations used to obtain the percentage pre-

dicted values of the spirometry variables were automati-

cally provided by the Collins CPF PF system and based on

the equations of Morris et al. [13, 14] and Cherniack and

Raber [15]. All patients were well trained and instructed on

performing PFTs before the tests and were coached on all

the appropriate breathing maneuvers throughout the PFT

procedure. Continuous noninvasive oxyhemoglobin satu-

ration was monitored in all participants throughout all the

study procedures.

Data Analysis

In this crossover design, each participant served as his/her

own control. Participants were subgrouped according to

their baseline FEV1 on day 1: Group I, patients with FEV1

C80 %; Group II, patients with 80 % [ FEV1 [ 50 %;

Group III, patients with FEV1 B50 % (Fig. 1) [16].

Patients who showed [12 % and 200-mL increases from

their baseline FEV1 were considered responders to bron-

chodilator treatment. The proportion of responders to

bronchodilator therapy was determined in each airway

obstruction severity subgroup and compared with respect to

air-driven versus heliox-driven nebulization using the v2

test. Also, the changes from baseline of the different PFT

measures were compared between air-driven and heliox-

driven bronchodilator therapy using the ANOVA test with

the Scheffe’s test for post hoc analysis and Student’s t test.

The level of statistical significance was p \ 0.05.

Based on a power analysis with a type I error of 5 %,

type II error of 20 %, a statistical significance level of 5 %,

and a clinical significance of 10 % change in FEV1

between the two driving gases, it was found that a total of

at least 132 patients would be needed in the study.

Results

The participants’ demographics and physiological param-

eters are presented in Table 1. Except for baseline FEV1 on

day 1, the percentage of predicted FEV1, and the pack-year

smoking history, there were no statistically significant

differences among the three groups. No supplemental

oxygen was needed for any participant in any of the three

groups. The baseline spirometric values on days 1 and 2

were not different for each of the three groups (Table 2).

The percentages of participants who showed a [12 %

and a more than 200-mL increase in FEV1 with both air-

driven and heliox-driven bronchodilation were not differ-

ent than participants with baseline FEV1 C80 % (20 vs.

18 %, respectively, p = 1.00) and 80 % [ baseline

FEV1 [ 50 % (36 vs. 43 %, respectively, p = 0.66).

However, for participants with baseline FEV1 B 50 %, the

percentage of participants who showed a [12 % and a

more than 200-mL increase in FEV1 was significantly

higher with heliox-driven compared to air-driven bron-

chodilation (73 vs. 43 %, respectively, p = 0.01).

The changes in spirometric values with air-driven and

heliox-driven bronchodilation for participants in Groups I,

II, and III are presented in Tables 3, 4, and 5, respectively.

In Group I, only the changes in FEFmax and FEF25 % were

significantly greater with heliox-driven bronchodilation

(Table 3). In Group II, only the changes in FEV1 and FVC

were significantly greater with heliox-driven bronchodila-

tion (Table 4). However, in Group III, the changes in all

spirometric measures were significantly greater with he-

liox-driven bronchodilation (Table 5).

Discussion

The current study shows that nebulization of bronchodila-

tors administered with heliox (80:20) resulted in signifi-

cantly greater improvements in spirometry measurements

than aerosol administration with room air in asthmatic

patients with severe airway obstruction (baseline FEV1

B50 %). Furthermore, our data show that there are no
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significant benefits in using heliox instead of room air for

nebulizing b2-agonist drugs in patients with baseline FEV1

C80 % or baseline 50 % \ FEV1 \ 80 %.

Heliox (80:20) is less dense than room air or oxygen and

can be expected to be a better vehicle for the delivery of

aerosolized bronchodilator drugs than room air or oxygen.

In patients with obstructive lung diseases, heliox improves

gas flow through high-resistance airways by providing

higher flow rates with given pressures in turbulent or near-

turbulent flows [17] and by preventing the transition from

laminar to turbulent flow. Moreover, the resulting

decreased momentum loss with heliox in the high-resis-

tance upper airways and through obstructed regions can

allow better ventilation of and aerosol delivery to the

smaller airways and alveoli [18], thus resulting in a more

efficient distribution and deposition of the bronchodilator

agents [19, 20]. Piva et al. [19] showed that when heliox

rather than oxygen was used as a vehicle for radiolabeled

aerosol, there was better lung deposition of the radiolabeled

particles, with the effect being more pronounced in patients

Table 1 Patients characteristics

Values are presented as

mean ± SD

* p \ 0.05 vs. Group I

Group I (n = 44) Group II (n = 44) Group III (n = 44) p value

Age (years) 51 ± 14 52 ± 13 53 ± 8 0.61

Gender (M/F) 21/23 22/22 23/21 0.91

Height (cm) 163 ± 10 162 ± 8 164 ± 7 0.45

Weight (kg) 74 ± 18 71 ± 12 74 ± 11 0.58

BSA (kg/cm2) 27 ± 5 27 ± 4 27 ± 3 0.86

Smoker (Y/N) 19/25 18/26 20/24 0.91

Pack-years 8.6 ± 13.3 11.5 ± 16.8 22.2 ± 28.8* 0.006

Inhaled corticosteroids (Y/N) 19/25 23/21 26/18 0.33

FEV1 (L) 2.73 ± 0.77 1.70 ± 0.52 1.11 ± 0.28 \0.001

FEV1 (% of predicted) 99 ± 13 63 ± 10 40 ± 8 \0.001

Table 2 Baseline spirometric

values on days 1 and 2

Values are presented as

mean ± SD

Variables Group I (n = 44) Group II (n = 44) Group III (n = 44)

Day 1 Day 2 Day 1 Day 2 Day 1 Day 2

FEV1 (L) 2.73 ± 0.77 2.74 ± 0.78 1.70 ± 0.52 1.68 ± 0.52 1.11 ± 0.28 1.13 ± 0.29

FVC (L) 3.66 ± 1.08 3.64 ± 1.07 2.82 ± 0.91 2.78 ± 0.86 2.59 ± 0.64 2.60 ± 0.62

FEV1/FVC (%) 75 ± 8 76 ± 7 62 ± 11 60 ± 11 44 ± 10 44 ± 11

FEF25–75 % (L/s) 2.38 ± 1.03 2.40 ± 1.04 0.98 ± 0.51 0.99 ± 0.52 0.43 ± 0.16 0.45 ± 0.16

FEFmax (L/s) 6.50 ± 1.83 6.52 ± 1.80 4.28 ± 1.37 4.26 ± 1.37 3.29 ± 1.02 3.32 ± 1.02

FEF25 % (L/s) 5.91 ± 1.68 5.94 ± 1.66 3.09 ± 1.56 3.11 ± 1.54 1.40 ± 1.0 1.42 ± 0.99

FEF50 % (L/s) 3.54 ± 1.46 3.57 ± 1.44 1.39 ± 0.75 1.42 ± 0.75 0.59 ± 0.34 0.59 ± 0.32

FEF75 % (L/s) 0.94 ± 0.49 0.96 ± 0.50 0.42 ± 0.25 0.44 ± 0.25 0.21 ± 0.10 0.21 ± 0.08

Table 3 Changes in spirometric measures with air- and heliox-driven

bronchodilation in patients with baseline FEV1 C80 %

Group I (n = 44)

Air-driven Heliox-driven p value

DFEV1 (L) 0.21 ± 0.29 0.22 ± 0.04 0.71

DFVC (L) 0.08 ± 0.21 0.11 ± 0.23 0.16

DFEV1/FVC (%) 3.06 ± 6.64 2.61 ± 6.06 0.36

DFEF25–75 % (L/s) 0.54 ± 0.63 0.50 ± 0.48 0.53

DFEFmax (L/s) 0.14 ± 1.18 0.66 ± 1.22 0.001

DFEF25 % (L/s) 0.31 ± 1.43 0.65 ± 1.39 0.03

DFEF50 % (L/s) 0.67 ± 0.91 0.62 ± 0.90 0.71

DFEF75 % (L/s) 0.34 ± 0.44 0.32 ± 0.33 0.57

Values are presented as mean ± SD

Table 4 Changes in spirometric measures with air- and heliox-driven

bronchodilation in patients with 80 % [ FEV1 [ 50 %

Group II (n = 44)

Air-driven Heliox-driven p value

DFEV1 (L) 0.22 ± 0.32 0.28 ± 0.41 0.04

DFVC (L) 0.19 ± 0.31 0.25 ± 0.35 0.04

DFEV1/FVC (%) 3.10 ± 6.00 3.84 ± 6.96 0.27

DFEF25–75 % (L/s) 0.20 ± 0.43 0.32 ± 0.56 0.07

DFEFmax (L/s) 0.68 ± 1.10 0.82 ± 1.10 0.29

DFEF25 % (L/s) 0.71 ± 1.14 0.93 ± 1.00 0.14

DFEF50 % (L/s) 0.33 ± 0.68 0.46 ± 0.78 0.15

DFEF75 % (L/s) 0.07 ± 0.22 0.14 ± 0.31 0.15

Values are presented as mean ± SD
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with severe lower airway obstruction. Using a radionuclide

approach, Darquenne and Prisk [2] compared upper respi-

ratory tract deposition with heliox (80:20) versus that with

room air and showed that heliox increased the deposition of

aerosols in the distal airways and alveoli.

The clinical effects of heliox-driven aerosol drug

administration have been studied and compared to those of

air-driven or oxygen-driven aerosol drug administration,

with different findings. Kress et al. [11] showed that during

acute asthma exacerbations in 23 patients who presented to

the emergency room, albuterol nebulized with heliox led to a

more significant improvement (32–65 %) in spirometry

measures when compared with albuterol nebulized with

oxygen (14–27 %). Also, Bag et al. [9] reported that heliox-

driven bronchodilation improved FEV1, FVC, and FEFmax

significantly more than air-driven bronchodilation in 31

patients with clinically stable asthma. Lee et al. [20] showed

that heliox-driven bronchodilation resulted in a more rapid

and greater improvement in peak expiratory flows and

dyspnea scores in patients with severe asthma exacerbations

who presented to the emergency room. In a systematic

review, Colebourn et al. [21] concluded that the use of heliox

to drive nebulizers in patients with acute asthma improves

airflow measures. Our findings are similar to the previous

studies that showed positive beneficial effects of heliox-

driven bronchodilation on spirometry measurements [9, 11,

20, 21]. However, the current study is different in several

ways. First, our study, in which each participant served as

his/her own control, stratified asthmatic subjects according

to their baseline FEV1 and divided the participants into three

different groups (FEV1 C80 %; 80 % [ FEV1 [ 50 %; and

FEV1 B50 %) [16]. Our data show that heliox-driven

bronchodilation presents clinically significant benefits in

spirometry measurements and may be more advantageous

than air-driven bronchodilation only in patients with base-

line FEV1 B50 %. Second, all our patients were studied

using both driving gases on two consecutive days,

decreasing the likelihood of changes in their clinical con-

ditions, in contrast to the study of Bag et al. [9], where

patients were studied on two separate days, 1–7 days apart.

Third, the participants in our study were stable asthmatics;

this is in contrast to previous studies that have shown ben-

eficial effects of heliox in nebulizing bronchodilators in

unstable asthmatic patients during their acute exacerbations

[3, 11]. Finally, our study included the highest number of

stable asthmatics that were stratified according to severity of

their airway obstruction and were studied randomly on two

consecutive days with heliox-driven and air-driven nebuli-

zation of bronchodilators.

In contrast, several previous clinical studies reported no

benefits or advantages for heliox-driven bronchodilation

compared to air-driven or oxygen-driven bronchodilation

[22–25]. Most of these studies were conducted in asthmatic

patients with severe exacerbations and presenting to the

emergency room, where the main evaluated parameters

were respiratory rate, oxygen saturation, peak expiratory

flows, and dyspnea scores. The current study differs from

others in that our patients are clinically stable asthmatic

patients who underwent spirometry testing in the pulmon-

ary function lab.

The difference in pack-year smoking history was dif-

ferent only between participants with baseline FEV1

B50 % and participants with baseline FEV1 C80 %.

However, in this double-blinded crossover study, each

patient served as his/her own control and received nebu-

lized b2-agonist drugs with both heliox and room air on

two separate and consecutive days. Subsequently, all

observed clinical effects can be attributed and due to the

use of two different nebulizing gases (i.e., heliox versus

room air).

Two improved PFT measures (FEFmax and FEF25 %)

seen in Group I were not maintained in Group II. This

inconsistency could be due to a minimal mathematical

effect that arose because we established two baselines on

two different days. Although we confirmed that these two

baselines were statistically comparable, there will always

be the possibility that minimal differences in baselines on

two different days could lead to these isolated inconsis-

tencies in the changes seen in the PFT measures.

The main limitation of our study was that we did not use

radiolabeled bronchodilators to assess and compare the

distribution and deposition of these drugs with heliox-dri-

ven and air-driven bronchodilation. However, we believe

that the significant improvements seen in the spirometry

measurements with heliox-driven bronchodilation over air-

driven bronchodilation must have been due to superior

delivery and deposition of the bronchodilator with heliox-

driven bronchodilation therapy [2, 8, 11]. Also, our study

did not assess the role of the patient’s posture during

bronchodilator therapy. Brandão et al. [26] showed that

Table 5 Changes in spirometric measures with air- and heliox-driven

bronchodilation in patients with baseline FEV1 B 50 %

Group III (n = 44)

Air-driven Heliox-driven p value

DFEV1 (L) 0.20 ± 0.20 0.46 ± 0.30 0.001

DFVC (L) 0.34 ± 0.40 0.66 ± 0.47 0.001

DFEV1/FVC (%) 1.79 ± 4.80 6.17 ± 9.71 0.001

DFEF25–75 % (L/s) 0.10 ± 0.13 0.43 ± 0.44 0.001

DFEFmax (L/s) 0.42 ± 0.70 1.10 ± 0.84 0.001

DFEF25 % (L/s) 0.24 ± 0.36 0.84 ± 0.80 0.001

DFEF50 % (L/s) 0.09 ± 0.19 0.53 ± 0.64 0.001

DFEF75 % (L/s) 0.03 ± 0.12 0.24 ± 0.29 0.001

Values are presented as mean ± SD
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when the torso leans forward at a 50–60� angle and the

elbows rest on the thighs, there are greater improvements

in FEV1 during heliox-driven bronchodilation. However,

our patients maintained the same posture, with the torso

upright, during the two consecutive days of the study, and,

as such, there was no difference in posture that could have

influenced our results. Finally, in our study it was difficult

to exclude mild COPD in asthmatic patients who smoke;

however, the clinical pictures and medical histories of the

patients who were enrolled are more consistent with

asthma. Nevertheless, that each patient was his/her own

control and that the two reversibility studies with the two

nebulizing gases were performed only one day apart sug-

gest that the observed clinical differences can be due to

mainly the use of heliox versus room air rather than the

medical conditions of the participants. Furthermore, sev-

eral studies [27–29] have shown that the beneficial effects

of heliox in stable COPD patients at rest are only sporadic,

which suggests that heliox is not a therapeutic option in

spontaneously breathing and resting COPD patients.

In conclusion, for asthmatic patients with baseline FEV1

B50 %, albuterol nebulized with heliox (80:20) leads to

more significant improvements in spirometry measure-

ments when compared to albuterol nebulized with air. This

is likely due to the low-density gas improving albuterol

deposition in the distal airways. However, heliox-driven

nebulization of albuterol might not provide significant

improvements in spirometry measurements and any other

clinical benefits over air-driven bronchodilation in stable

asthmatic patients with baseline FEV1 [l50 %. Heliox-

driven nebulized bronchodilator use may be considered for

reversibility testing in asthmatics with baseline FEV1

\50 %.

Acknowledgments The authors acknowledge the help of Ms. Juli-

ette Jibrail and Ms. Lina Itani, Technologist in the Pulmonary

Function Laboratory, as well as the staff of the Inhalation Therapy

Department at the American University of Beirut Medical Center.

Conflict of interest None.

References

1. Svartengren K, Lindestad PA, Svartengren M, Bylin G, Philipson

K, Camner P (1994) Deposition of inhaled particles in the mouth

and throat of asthmatic subjects. Eur Respir J 7(8):1467–1473

2. Darquenne C, Prisa GK (2004) Aerosol deposition in the human

respiratory tract breathing air and 80:20 heliox. J Aerosol Med

17(3):278–285

3. Ho AM, Lee A, Karmakar MK, Dion PW, Chung DC, Contardi

LH (2003) Heliox vs air-oxygen mixtures for the treatment of

patients with acute asthma: a systematic overview. Chest

123(3):882–890

4. Ari A, Fink JB (2010) Aerosol drug delivery administration with

helium:oxygen (heliox) mixtures: an overview. Curr Respir Med

Rev 6:80–85

5. Wright RB, Rowe BH, Arent RJ, Klassen TP (2005) Current

pharmacological options in the treatment of croup. Expert Opin

Pharmacother 6(2):255–261

6. Andrews R, Lynch M (2004) Heliox in the treatment of chronic

obstructive pulmonary disease. Emerg Med J 21(6):670–675

7. Palange P, Crimi E, Pellegrino R, Brusasco V (2005) Supple-

mental oxygen and heliox: ‘new’ tools for exercise training in

chronic obstructive pulmonary disease. Curr Opin Pulm Med

11(2):145–148

8. Alcoforado L, Brandao S, Rattes C, Brandao D, Lima V, Ferreira-

Lima G, Fink J, Dornelas de Andrade A (2013) Evaluation of

lung function and deposition of aerosolized bronchodilators car-

ried by heliox associated with positive expiratory pressure in

stable asthmatics: A randomized clinical trial. Respir Med

107:1178–1185

9. Bag R, Bandi V, Fromm RE Jr, Guntupalli K (2002) The effect of

heliox-driven bronchodilator aerosol therapy on pulmonary

function tests in patients with asthma. J Asthma 39(7):659–665

10. Bandi V, Velamuri S, Sirgi C, Wendt J, Wendt R, Guntupalli

(2005) Deposition pattern of heliox-driven bronchodilator aerosol

in the airways of stable asthmatics. J Asthma 42(7):583–586

11. Kress JP, Noth I, Gehlbach BK, Barman N, Pohlman AS, Miller

A, Morgan S, Hall JB (2002) The utility of albuterol nebulized

with heliox during acute asthma exacerbations. Am J Respir Crit

Care Med 165(9):1317–1321

12. American Thoracic Society (1995) Standards for the diagnosis

and care of patients with chronic obstructive pulmonary disease.

Am J Respir Crit Care Med 152(5 Pt 2):S77–S121

13. Morris J, Koski A, Johnson L (1971) Spirometric standards for

healthy nonsmoking adults. Am Rev Respir Dis 103(1):57–67

14. Morris J, Koski A, Temple W, Claremont A, Thomas D (1988)

Fifteen-year interval spirometric evaluation of the Oregon pre-

dictive equations. Chest 93(1):123–127

15. Cherniack R, Raber M (1972) Normal standards for ventilatory

function using an automated wedge spirometer. Am Rev Respir

Dis 106:38–46

16. Bumbacea D, Campbell D, Nguyen L, Carr D, Barnes P, Rob-

inson D, Chung K (2004) Parameters associated with persistent

airflow obstruction in chronic severe asthma. Eur Respir J

24(1):122–128

17. Papamoschou D (1995) Theoretical validation of the respiratory

benefits of helium-oxygen mixtures. Respir Physiol 99(1):183–190

18. Corcoran TE, Gamard S (2004) Development of aerosol drug

delivery with helium oxygen gas mixtures. J Aerosol Med

17(4):299–309

19. Piva J, Menna Barreto S, Zelmanovitz F, Amantéa S, Cox P

(2002) Heliox versus oxygen for nebulized aerosol therapy in

children with lower airway obstruction. Pediatr Crit Care Med

3:6–10

20. Lee DL, Hsu CW, Lee H, Chang HW, Huang YC (2005) Bene-

ficial effects of albuterol therapy driven by heliox versus by

oxygen in severe asthma exacerbations. Acad Emerg Med

12(9):820–827

21. Colebourn C, Barber V, Young J (2007) Use of helium-oxygen

mixture in adult patients presenting with exacerbations of asthma

and chronic obstructive pulmonary disease: a systematic review.

Anaesthesia 62:34–42

22. Henderson SO, Acharya P, Kilaghbian T, Perez J, Korn CS, Chan

LS (1999) Use of heliox-driven nebulizer therapy in the treatment

of acute asthma. Ann Emerg Med 33(2):141–146

23. Dorfman TA, Shipley ER, Burton JH, Jones P, Mette SA (2000)

Inhaled heliox does not benefit ED patients with moderate to

severe asthma. Am J Emerg Med 18(4):495–497

24. Rose JS, Panacek EA, Miller P (2003) Prospective randomized trial

of heliox-driven continuous nebulizers in the treatment of asthma in

the emergency department. J Emerg Med 116(Suppl):1011–1015

382 Lung (2014) 192:377–383

123



25. Rivera ML, Kim TY, Stewart GM, Minasyan L, Brown L (2006)

Albuterol nebulized in heliox in the initial ED treatment of

pediatric asthma: a blinded, randomized controlled trial. Am J

Emerg Med 24(1):38–42

26. Brandão DC, Britto MC, Pessoa MF, de Sa RB, Alcoforado L,

Matos LO, Silva TN, de Andrade AD (2011) Heliox and forward-

leaning posture improve the efficacy of nebulized bronchodilator

in acute asthma: a randomized trial. Respir Care 56(7):947–952

27. Pecchiari M, Pelucchi A, D’Angelo E, Forest A, Milic-Emili J,

D’Angelo E (2004) Effect of heliox breathing on dynamic

hyperinflation in COPD patients. Chest 125(6):2075–2082

28. Palange P, Valli G, Onorati P, Antonucci R, Paoletti P, Rosato A,

Manfredi F, Serra P (2004) Effect of heliox on lung dynamic

hyperinflation, dyspnea, and exercise endurance capacity in

COPD patients. J App Physiol 97(5):1637–1642

29. Eves N, Petersen S, Haykowsky M, Wong E, Jones R (2006)

Helium-hyperoxia, exercise, and respiratory mechanics in chronic

obstructive pulmonary disease. Am J Respir Crit Care Med

174(7):763–771

Lung (2014) 192:377–383 383

123


	Effect of Heliox- and Air-Driven Nebulized Bronchodilator Therapy on Lung Function in Patients with Asthma
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study Sample
	Bronchodilator Testing
	Randomization and Blinding
	Pulmonary Function Test
	Data Analysis

	Results
	Discussion
	Acknowledgments
	References


