
Feasibility Study of Noninvasive Ventilation
With Helium-Oxygen Gas Flow

for Chronic Obstructive Pulmonary Disease During Exercise

Patrick F Allan MD, Kimbreca V Thomas CRT, Michael R Ward CRT, Anthony D Harris CRT,
Gregory A Naworol RRT, and John A Ward PhD

BACKGROUND: Individually, noninvasive ventilation (NIV) and helium-oxygen gas mixtures (heliox)
diminish ventilatory workload and improve exercise tolerance in patients with chronic obstructive
pulmonary disease (COPD). NIV in combination with heliox may have additive effects on exercise
tolerance in severe COPD. METHODS: We assessed the safety, tolerability, and efficacy of heliox and
NIV during exercise in patients with severe COPD. SETTING: Pulmonary rehabilitation facility in an
academic tertiary-care medical center. PROTOCOL: Twelve patients with severe COPD were enrolled.
Using a sequential randomized placebo-controlled crossover study design, the patients performed 4
separate constant-work stationary bicycle cardiopulmonary exercise studies at 80% of maximal work-
load during application of sham NIV, NIV, 60:40 heliox with sham NIV, and 60:40 heliox with NIV.
Tolerability, safety, and exercise duration as determined by constant-work cardiopulmonary exercise
test were the primary outcome measures. Secondary outcome measures at peak exercise and iso-time
included rate of perceived exertion, dyspnea, leg pain, heart rate, respiratory rate, systolic and diastolic
blood pressure, tympanic temperature, and oxyhemoglobin saturation. RESULTS: No adverse effects
occurred during or after application of NIV, heliox, or NIV with heliox. Exercise duration using heliox
with NIV was significantly longer than both heliox (P � .01) and NIV (P � .007), but not placebo
(P � .09). Relative to placebo, all treatment arms permitted lower respiratory rates at peak exercise.
Heliox, with or without NIV, was associated with significant improvements in oxyhemoglobin saturation
at peak exercise, relative to placebo or NIV alone. CONCLUSIONS: The adjunctive use of NIV with
heliox during exercise proved both safe and tolerable in patients with severe COPD. The lack of
demonstrable efficacy to any of the treatment arms relative to placebo (P � .09) may be the result of the
small sample size (ie, type 2 error)—a conclusion emphasized by the large standard deviations and
differences in treatment group variances in exercise duration alone. Key words: chronic obstructive
pulmonary disease, helium, oxygen, noninvasive positive pressure ventilation, exercise capacity. [Respir Care
2009;54(9):1175–1182. © 2009 Daedalus Enterprises]

Introduction

In chronic obstructive pulmonary disease (COPD) ex-
piratory airflow limitation from dynamic airway collapse
causes a dysfunctional ventilatory response during exer-

SEE THE RELATED EDITORIAL ON PAGE 1163

cise.1,2 Airflow resistance combined with decreased pul-
monary elastance lengthens the time necessary for com-
plete exhalation toward functional residual capacity, pre-
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disposing COPD patients to elevations in end-expiratory
lung volume (ie, air trapping) and corresponding re-
ductions in inspiratory capacity.3,4 Due in part to the
diminished inspiratory capacity, an exercising COPD
patient must enhance minute ventilation by dispropor-
tionately increasing respiratory rate relative to tidal vol-
ume. However, tachypnea is both compensatory and
counterproductive, as ever higher frequencies shorten
exhalation time and aggravate lung hyperinflation, plac-
ing both the thoracic and diaphragmatic musculature at
a mechanical disadvantage.5-7 Eventually this physio-
logic cascade leads to dyspnea and exhaustion at rela-
tively low physical workloads. Despite these limitations,
repetitive exposure to aerobic exercise regimens may
lead to sustained improvements in exercise tolerance
and quality of life.8,9 This realization has spawned ef-
forts to improve the exercise tolerance of COPD pa-
tients by introducing courses of exercise therapy under
the supervision of an established pulmonary rehabilita-
tion program. Moreover, innovative approaches to fa-
cilitate ventilation during exercise have led to additive
effects on the benefits provided by pulmonary rehabil-
itation alone.8,10-12

Novel approaches to enhance the exercise capacity of
COPD patients include the use of helium-based, hyper-
oxic (fraction of inspired oxygen [FIO2

] � 0.21), com-
bined hyperoxic helium-enriched (heliox) gas, and non-
invasive ventilation (NIV).13-16 Oxygen supplementation
may reduce compensatory minute ventilation, and in
turn prolong exercise duration. Helium is an inert low-
density gas that imparts laminar gas flow properties,
reducing airflow turbulence, airway resistance, air trap-
ping, and the patient’s work of breathing. Combined
heliox, relative to both lone hyperoxic or helium mix-
tures, has led to significant improvements in shuttle-
walking distance, constant-work-rate exercise duration,
and exertional dyspnea.13-18 NIV has also shown prom-
ise in boosting exercise outcomes in COPD by partially
alleviating inspiratory workload and increasing per-
breath tidal volume, permitting a compensatory reduc-
tion in respiratory rate.18-22

Despite the incremental benefit with each adjunctive
device or gas flow, there have been conflicting reports as
to their efficacy.10-12,22 These discrepancies are probably
multifactorial, but may be attributable to the fact that in-
dividual interventions (NIV or heliox) provide only a mar-
ginal advantage. NIV used in conjunction with heliox may
amplify exercise tolerance relative to their individual use.

Given the aforementioned benefits of heliox and NIV to
patients with severe COPD, we sought to explore the safety,
tolerability, and efficacy of these adjuncts when used in
combination.

Methods

Patient Enrollment

The protocol was reviewed and approved by a joint
institutional investigational review board (Brooke Army
Medical Center and Wilford Hall Medical Center). The
study was conducted at the pulmonary rehabilitation clinic
of Wilford Hall Medical Center, an academic tertiary-care
referral center. Patients referred for dedicated pulmonary
rehabilitation were consecutively screened for study en-
rollment. All of the participants took part in the study after
completing a 6-week out-patient-based pulmonary reha-
bilitation program. The rehabilitation program included at
least thrice-weekly technician-supervised cardiovascular
exercise sessions using either treadmill or resistance-loaded
stationary bicycling, upper-extremity exercises, psychos-
ocial counseling, nutrition guidance, and disease-specific
education. All participants completed written informed con-
sent documentation prior to protocol participation. Inclu-
sion criteria were as follows: age � 35 years, forced ex-
piratory volume in the first second (FEV1) � 50% of
predicted associated with a � 12% improvement in FEV1

after actuation of 2 puffs of an albuterol multi-dose inhaler
with a spacer (GlaxoSmithKline, Research Triangle Park,
North Carolina), an FEV1 to forced vital capacity ratio of
� 0.7, and a � 20-pack-year history of tobacco use. Pa-
tients were excluded if they were oxygen-dependent at rest
or with exertion before or after the study, had computed-
tomography-evident interstitial lung disease (ie, subpleural
honeycombing, prominent intralobular and interlobular
septal thickening), or had a history of COPD exacerbation
within 3 months of study enrollment. A COPD exacerba-
tion was defined by any 2 of 3 symptoms, consisting of
acute increase in chronic shortness of breath, an increase
in cough with sputum production, or sputum purulence
that necessitated the use of antibiotics and/or oral cortico-
steroids (or, alternatively, an increase in the dose or fre-
quency of inhaled corticosteroids). Patients were also ex-
cluded if they had an absolute contraindication to exercise,
as set forth by Zeballos et al.23

Spirometry and Cardiopulmonary Exercise Testing
Methodology

Prior to enrollment, spirometry with body-box plethys-
mography (Vmax Encore, SensorMedics, Yorba Linda,
California) was performed per American Thoracic Society
guidelines.24 Exercise tolerance while breathing room air
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was initially assessed with an incremental resistance cycle
ergometry exercise test. Each patient completed one minute
of unloaded pedaling, followed by a 10 Watt/min electron-
ically braked incremental-load stationary bicycle test (Er-
goselect 100P, Ergoline, Bitz, Germany) until exhaustion.
The 10-Watt ramp is our institution’s arbitrary default for
incremental resistance setting, which is used for all of our
patients in order to permit cardiopulmonary exercise test
standardization and facilitate intra-individual and inter-in-
dividual comparisons. Registered cardiopulmonary tech-
nicians encouraged patients to maximize their exercise ca-
pacity. Heart rate, single-lead electrocardiogram, and
fingertip oxyhemoglobin saturation were monitored with
continuous telemetry and finger-probe oximetry (N595,
Nellcor/Tyco Healthcare, Pleasanton, California). Appro-
priately fitted manual sphygmomanometry was performed
to collect systolic and diastolic blood pressure at one-min
intervals. The workload achieved during the last minute of
the incremental test was recorded as the maximum toler-
able workload.

Subsequent constant-work cardiopulmonary exercise
tests consisted of one minute of unloaded pedaling, after
which the ergometer resistance was manually programmed
to apply 80% of the maximal tolerable workload attained
during the incremental test over a 15-second ramp. During
both the incremental and the constant-work exercise test
each patient’s heart rate, respiratory rate, oxyhemoglobin
saturation, tympanic temperature, modified Borg scale
score25 evaluating degree of dyspnea, leg discomfort or
pain, and perceived exertion were recorded in the final
15 seconds of each one-minute interval or at patient ex-
haustion. The modified Borg scale scores were mounted
on a screen in front of the patient allowing him or her to
rate the perceived effort on each factor from a scale of 1
(no dyspnea) to 10 (severe dyspnea) by pointing to a nu-
merical value on the scale. Patient temperature was mea-
sured via a tympanic temperature probe (Thermoscan Pro
4000, Braun, South Boston, Massachusetts) to assess for
possible heliox-associated hypothermia. All data points
were collected in the last 15 seconds of each interval; more
specifically, at rest, after one minute of unloaded pedaling,
during each minute of the resistance loading period, and
again at one minute post-exercise (recovery). Only one
exercise session was performed each day of protocol par-
ticipation, but no more than 2 days were allowed to inter-
vene between sequential constant-work exercise test stud-
ies. To mitigate first-time cardiopulmonary exercise test
effects or any individual experiential advantages, each pa-
tient performed at least 2 constant-work exercise tests after
the initial incremental test and prior to utilizing the inves-
tigational devices. Each patient had his or her constant-
work exercise test conducted at the same time period each
day to minimize the confounding effects of diurnal vari-
ability in exercise capacity. Patients were instructed not to

use their albuterol/levalbuterol inhaler within the 12 hours
preceding each exercise test, but were permitted to con-
tinue using their clinician-prescribed maintenance inhal-
ers. Notably, all of the patients were taking dry-powder-
inhaler-based tiotropium bromide (Pfizer, New York, New
York) and combination inhaler-based salmeterol xinofoate
and fluticasone propionate (GlaxoSmithKline, Research
Triangle Park, North Carolina). Each patient also com-
pleted a Medical Research Council dyspnea question-
naire26,27 prior to each exercise test, to assess for subjec-
tive or self-perceived variability in dyspnea or daily exercise
tolerance as a possible contributor to differences in car-
diopulmonary exercise test performances.

Gas Mixture and Noninvasive Ventilation
Instrumentation

Compressed air (ie, placebo or sham), 60:40 heliox, and
NIV were all administered via a tightly-fitted gel-sealed
oronasal face mask (Respironics, Murrysville, Pennsylva-
nia). When using heliox alone or in combination with
NIV, a dedicated heliox-compatible positive-pressure de-
vice was employed (Aptaer, GE HealthCare Worldwide).
Compressed air inclusive tests, with or without NIV, were
implemented using a heliox-incompatible device (Servo-i,
Siemens Medical, Danvers, Massachusetts). Due to the
different corrugated tubing circuitry required for each ven-
tilator device, masking of the machine and/or circuitry
could not be done. Patients were not told of the imple-
mented pressure or gas mixture throughout the study, or of
the different gas mixture/positive-pressure capacities of an
individual device. For the NIV portions of the protocol,
sham NIV was set using a default inspiratory pressure
support of 3 cm H2O. In selecting the NIV setting, each
patient breathed through an oronasal face mask (connected
via each device’s respective corrugated tubing) at an initial
pressure-support setting of 3 cm H2O. Each patient under-
went 2 pressure-support trials where the programmed pres-
sure support was increased from 3 cm H2O in increments
of 1 cm H2O/min until the patient reported discomfort or
intolerance to the pressure setting. The pressure was re-
duced 1 cm H2O from the maximal tolerable level attained
during the 3 trials, and the latter pressure setting was im-
plemented throughout the remainder of the protocol for
that individual. During gas mixture administration and for
the 5 minutes after completing exercise, patients were in-
structed not to speak so as not to disclose, by change in
vocal quality, the potential application of helium gas. Based
on prior studies the single 60:40 heliox gas mixture was
chosen as the optimal content, as hyperoxic heliox (FIO2

� 0.21 or 60:40 to 70:30 helium-oxygen ratio) had shown
demonstrable benefit over normoxic heliox gas mixtures
(FIO2

� 0.21).16,18 As the heliox-dedicated ventilator was
unable to provide positive end-expiratory pressure, none
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of the treatments included the adjunctive use of this pres-
sure setting.

Study Protocol

After completing their baseline room-air incremental-
load test and acclimating constant-work exercise tests, each
patient completed a constant-work exercise test with the
following gas mixture/NIV combinations in a coin-flip-
determined randomized sequence: compressed air with
sham NIV (placebo arm); compressed air with NIV; 60:40
heliox with sham NIV; 60:40 heliox with NIV.

Statistical Analysis

In this study the independent variables were treatment
(placebo, heliox, NIV, heliox plus NIV) and exercise (rest,
warm-up, iso-time, maximal exercise, and recovery). The
dependent variables were total exercise time, heart rate,
systolic pressure, diastolic pressure, respiratory rate, oxy-
hemoglobin saturation, tympanic temperature, perceived
exertion rating, perceived dyspnea, leg pain, and Medical
Research Council dyspnea score. The null hypothesis was
that there would be no difference in the independent vari-
ables between treatment and exercise combinations. The
alternative hypothesis was that there would be a difference
in the independent variables between treatment and exer-
cise combinations. The appropriate test for such an anal-
ysis was a 2-factor analysis of variance (treatment, exer-
cise) with repeated measures on both factors, followed by
post-hoc 2-tailed t tests corrected for multiple compari-
sons.

We used SPSS Sample Power 2.0 (SPSS, Chicago, Il-
linois) to obtain an estimate of the sample size needed. The
sample size was determined from previous studies of
COPD-related exercise tolerance, which utilized the con-
stant-work exercise duration as their primary outcome mea-
sure. The mean baseline constant-work exercise test dura-
tion for patients with severe COPD was anticipated to be
4 � 2 min, with an expected improvement to 9.0 � 4.5 min
with the use of either 60:40 heliox or NIV.15 Assuming
outcome data followed the anticipated response, the pooled
standard deviation would be 3.25 min for exercise endur-
ance time. A sample size of 12 subjects provided 80%
power to detect a large effect size (approximately 1.54
standard deviations) difference between means when test-
ing with a paired t test at the alpha level of .01, applying
a Bonferroni correction for multiple comparisons. This
would equate to a difference of approximately 5.5 min.
Comparisons of rest versus maximum and of warm-up
versus maximum for all outcome measures were made
using repeated-measures analysis of variance to examine
the effects of the 4 different treatment groups. Because of
the lack of literature investigating the particular effect of

NIV or heliox on initial exercise ability, rest and warm-up
phases were included in the analysis to examine for any
change in physiologic variables with no exertion (patient
at rest) and non-resistant exertion (unloaded pedaling),
where treatment may significantly alleviate initial ventila-
tory effort and thus perceived dyspnea and effort. Total
time was compared using a single-factor analysis of vari-
ance as well as a nonparametric Kruskal-Wallis analysis of
variance on ranks.

The primary outcome measure of total duration of ex-
ercise was recorded from the point of workloading of the
bicycle, and did not include the one-minute unloaded ped-
aling period. Secondary outcome measures included eval-
uating the difference from the last 15 seconds of the rest-
ing baseline and warm-up periods to peak exercise between
the different NIV/gas-mixture arms in terms of heart rate,
respiratory rate, oxyhemoglobin saturation, tympanic tem-
perature, and modified Borg scale scores evaluating de-
gree of dyspnea, leg discomfort, and overall exertion. We
also assessed dyspnea, exertion, and leg pain scores at
“iso-time” to note for possible reductions in perceived
effort for the treatment arms relative to placebo. Iso-time
was determined by the total exercise duration or time
achieved during the placebo trial. The subjective outcome
measures for the 3 treatment arms were then referenced at
the same time point (iso-time) to see if the treatments
affected subjective outcome measures prior to exhaustion.
As an intention-to-treat analysis, for those patients whose
placebo-based exercise duration exceeded the treatment
arms (n � 3; n � 1 for NIV, n � 1 for NIV with heliox,
n � 1 for heliox), the lowest duration among the treatment
arms was utilized as the iso-time equivalent. Post-hoc Bon-
ferroni-corrected paired t tests were done to examine for
inter-group differences in the outcome measures.

Results

We screened 122 consecutive referrals for pulmonary
rehabilitation from either of 2 tertiary-care medical centers
(Brooke Army Medical Center, Fort Sam, Houston, Texas,
and Wilford Hall Medical Center, Lackland Air Force Base,
Texas) over the course of a single 12-month period. Twen-
ty-eight met inclusion criteria; 16 patients were intermit-
tently or chronically oxygen-dependent and were thus ex-
cluded from study participation. The remainder of the
screened patients had either had mild to moderate COPD
(FEV1 � 50% predicted, n � 82) or had been diagnosed
with an underlying interstitial lung disease (n � 14) (Fig. 1).
None of the patients deviated from protocol stipulations
throughout the course of the study. Tables 1 and 2 show
the patient demographics, baseline spirometry, and pleth-
ysmography measurements, and incremental-load-test re-
sults. There was no difference in the attained pressure-
support level between the NIV with compressed gas or
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NIV plus heliox. (mean pressure support � 1 standard
deviation for the cohort was 16.1 � 3.9 cm H2O and
16.1 � 3.6 cm H2O, respectively (data not shown).

No adverse effects or patient intolerability to NIV, he-
liox, or NIV with heliox were noted during protocol par-
ticipation or at one-week and 3-month follow-up in our
clinic. No arrhythmias were noted during the course of the
study. Table 3 shows the baseline, warm-up period, and
peak exercise period mean measurements for total exercise
duration, heart rate, systolic blood pressure, diastolic blood
pressure, respiratory rate, oxyhemoglobin saturation, tym-
panic temperature, and rating of perceived dyspnea, exer-
tion, and leg pain and Medical Research Council score in
each study arm. There was a statistically significant dif-

ference in total exercise time by treatment assignment
(P � .02). On the post-hoc Bonferroni-corrected t tests,
heliox with NIV was significantly greater than both heliox
(P � .01) and NIV (P � .007), but not placebo (P � .09)
as assessed by the primary outcome measure of total ex-
ercise duration (Fig. 2).

While there were significant changes over time (going
from rest to warm-up to peak exercise for many of the
outcome variables [see Table 3]), a statistically significant
inter-treatment group effect occurred in only three of the
secondary outcome variables. There was a statistically sig-
nificant difference in heart rate by treatment (P � .008).
On the post-hoc Bonferroni-corrected paired t tests the
mean heart rate for heliox was significantly higher than
during heliox with NIV (P � .046) and lone NIV (P � .045).
There was a statistically significant difference in oxygen
saturation by treatment (P � .001). Mean oxygen satura-
tion during heliox was significantly higher than NIV
(P � .01) and placebo or “sham” treatment (P � .001).
Similarly, oxyhemoglobin saturation during heliox plus
NIV was significantly higher than both NIV (P � .001)
and placebo (P � .001). Lastly, the mean respiratory rate

Fig. 1. Patient assessment and allocation diagram.

Table 1. Patient* Demographics and Pulmonary Function Test Results

Variable Mean � SD

Age (y) 70 � 3
Height (in) 70 � 3
Weight (kg) 72.7 � 23.1
FEV1 (L) 1.3 � 0.4
FEV1 (% predicted) 42 � 10
FVC (L) 3.2 � 0.7
FVC (% predicted) 74 � 12
FEV1/FVC 41 � 7
TLC (% predicted) 109 � 21
RV (% predicted) 157 � 46
Inspiratory capacity (L) 2.3 � 0.5
DLCO (% predicted) 58 � 8
DLCO/VA (% predicted) 68 � 11

* 12 participants, 1 female
FEV1 � forced expiratory volume in the first second
FVC � forced vital capacity
TLC � total lung capacity
RV � residual volume
DLCO � diffusing capacity of the lung for carbon monoxide
VA � alveolar volume

Table 2. Incremental Cardiopulmonary Exercise Test Results at
Baseline

Variable Mean � SD

V̇O2
(mL/kg/min) 12.9 � 3.5

V̇O2
(L/min) 1.1 � 0.3

V̇O2
(% predicted) 57 � 16

V̇CO2
(mL/kg/min) 1.0 � 0.3

Work (W) 58.3 � 17.2
Heart rate (beats/min) 102 � 24
Heart rate (% predicted) 66 � 16
O2 pulse (mL/beat) 10.9 � 3.5
O2 pulse (% predicted) 63 � 40
Systolic blood pressure (mm Hg) 143 � 13
Diastolic blood pressure (mm Hg) 73 � 18
Maximum V̇E (L/min) 42.6 � 11.1
Respiratory rate (breaths/min) 30.8 � 7.3
VT (L) 1.3 � 0.3
VT (% predicted) 94 � 25
Inspiratory capacity at peak exercise

(% inspiratory capacity at rest)
81 � 22

Inspiratory capacity at peak exercise (L) 1.8 � 0.5
VD/VT at rest (%) 11 � 38
VD/VT at peak (%) 11 � 38
Respiratory quotient (V̇CO2

/V̇O2
) (peak) 0.97 � 0.09

SpO2
(peak) 98 � 10

V̇O2 � oxygen consumption
V̇CO2 � carbon dioxide production
V̇E � minute volume
VT � tidal volume
VD � dead-space volume
SpO2 � oxygen saturation measured via pulse oximetry
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for placebo was significantly higher than all of the treat-
ment arms at peak exercise.

There were statistically significant differences between
rest phase or warm-up and peak or maximal exercise for
all secondary variables except for oxyhemoglobin satura-
tion (going from warm-up to maximal exercise) and tem-
perature, which remained unchanged throughout (see Ta-

ble 3). Pre-constant-work-exercise-test Medical Research
Council scores also did not demonstrate an inter-treatment
group difference. Iso-time analysis did not disclose a sta-
tistically significant difference between the 4 study arms
of the trial in terms of any of the secondary outcome
measures. Post-hoc analysis for possible pressure-support-
level-dependent changes in any of the outcome measures

Table 3. Secondary Outcome Measures in the Treatment and Placebo Arms*

Placebo Heliox NIV Heliox � NIV P (rest vs warm-up) P (warm-up vs maximum)

Total time 05:57 � 05:50 10:10 � 10:04 09:46 � 10:14 13:53 � 11:57 * *
Heart rate (beats/min)

Rest 70 � 14 75 � 13 72 � 14 68 � 10 � .001 � .001
Warm-up 80 � 17 80 � 16 82 � 15 76 � 14
Maximum 99 � 18 104 � 20 93 � 21 103 � 22

Systolic blood pressure
(mm Hg)

Rest 133 � 10 135 � 9 134 � 8 133 � 11 .007 .02
Warm-up 138 � 9 139 � 9 137 � 9 134 � 11
Maximum 160 � 20 163 � 24 166 � 26 164 � 29

Diastolic blood pressure
(mm Hg)

Rest 73 � 9 74 � 8 75 � 10 78 � 13 .001 � .001
Warm-up 76 � 11 76 � 9 78 � 6 74 � 13
Maximum 84 � 6 89 � 11 87 � 9 92 � 11

Respiratory rate (breaths/min)
Rest 16 � 4 16 � 4 16 � 2 14 � 2 � .001 � .001
Warm-up 21 � 6 17 � 4 20 � 6 18 � 6
Maximum 31 � 5 28 � 4 30 � 5 28 � 4

O2 saturation (%)
Rest 95 � 2 95 � 2 95 � 2 96 � 2 .04 � .05
Warm-up 95 � 1 98 � 1 96 � 2 98 � 2
Maximum 93 � 2 99 � 1 94 � 3 99 � 1

Temperature (°F)
Rest 97.5 � 0.6 97.7 � 0.3 97.6 � 0.8 97.5 � 0.5 � .05 � .05
Warm-up 97.6 � 0.4 97.5 � 0.5 97.7 � 0.7 97.4 � 0.5
Maximum 97.4 � 0.4 97.7 � 0.7 97.4 � 1.0 97.4 � 0.8

Perceived exertion rating
(1–10 scale)

Rest 0.8 � 1.1 0.6 � 0.8 0.5 � 0.9 0.5 � 0.7 � .001 � .001
Warm-up 0.4 � 0.7 0.2 � 0.6 0.3 � 0.5 0.2 � 0.6
Maximum 2.9 � 1.3 3.4 � 1.9 3.7 � 2.3 4.3 � 2.7

Perceived dyspnea rating
(1–10 scale)

Rest 0.6 � 1.1 0.3 � 0.7 0.4 � 0.9 0.3 � 0.6 � .001 � .001
Warm-up 0.3 � 0.7 0.2 � 0.6 0.2 � 0.4 0.3 � 0.6
Maximum 3.1 � 1.1 3.4 � 1.4 3.8 � 2.4 4.0 � 2.8

Perceived leg pain
(1–10 scale)

Rest 0.3 � 0.5 0.3 � 0.5 0.1 � 0.3 0.4 � 1.0 .005 .005
Warm-up 0.3 � 0.7 0.2 � 0.4 0.2 � 0.4 0.3 � 0.7
Maximum 2.8 � 2.7 4.0 � 2.7 4.8 � 2.9 4.3 � 2.8

MRC dyspnea score 1.1 0.9 1.1 0.9 � .05 � .05

* Values are mean � SD unless otherwise indicated.
MRC � Medical Research Council. The subjects took the MRC dyspnea questionnaire prior to testing.
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failed to disclose a significant relationship at any of the
constant-work-exercise-test intervals.

Discussion

This is the first effort to examine heliox and NIV in
combination as ventilatory assist approaches to enhance
the exercise capacity of patients with severe COPD. Our
assessment showed that the individual or combined use of
these ventilatory adjuncts was both safe and tolerable. None
of the participants experienced substantial hypothermia or
adverse cardiopulmonary effects. Furthermore, the imple-
mentation of the NIV/heliox was associated with a statis-
tically significant increase in exercise duration over both
the NIV and the heliox arms, but not the placebo arm.
With the exception of significant improvements in oxyhe-
moglobin saturation (during the administration of heliox
and heliox plus NIV) and respiratory rate at peak exercise
(heliox, heliox with NIV, and NIV), none of the secondary
outcome measures showed significant differences between
treatment and placebo. Although there was a statistically
significant elevation in heart rate during the administration
of heliox, the difference in the magnitude (only 2–5 beats
per minute between groups) is of uncertain clinical rele-
vance.

Palange et al15 used a similar exercise regimen to eval-
uate the efficacy of 80:20 heliox versus compressed air
and demonstrated a significant improvement in constant-
work-exercise-test duration during heliox administration
relative to control. Using the latter trial as a backdrop, we
predicted that heliox with or without NIV would increase
performance relative to placebo.16,18 Contrary to expecta-
tions, statistically significant improvements in oxyhemo-
globin saturation and respiratory rate during both heliox
and heliox-NIV relative to placebo did not translate into
significant improvements in total exercise duration.

Gas flow and ventilatory adjunct efficacy studies have
often shown inconsistent results on exercise outcomes in
COPD.10-12,22 Contradictory findings arise from an amal-
gamation of both patient and methodological variables.
For instance, observational studies have pinpointed the
existence of heterogeneity in the extent of dynamic hyper-
inflation and the importance of its contribution to dyspnea
and exercise intolerance.28 Therefore, measures intended
to alleviate hyperinflation (eg, heliox) may be less effec-
tive in certain physiologically defined COPD subsets. Pe-
ripheral muscle wasting or dysfunction, impaired cardiac
function, or altered cardiopulmonary interactions may also
variably impact upon the exercise capacity of patients with
COPD and compound difficulties at studying a well-de-
fined COPD cohort.8 Additional methodological variance
could be traced to clinician inexperience with the use of
the device, patient-ventilator asynchrony, inadequate in-
spiratory flow or flow-cycling times, unappreciated im-
posed work of breathing due to exhalation valve delays or
resistance, or poor mask fit. The lack of demonstrable
efficacy to any of the treatment arms in our protocol rel-
ative to placebo (P � .09) may also reflect the small
sample size (ie, type 2 error): a conclusion emphasized by
the large standard deviations and differences in treatment
group variances in exercise duration alone. Despite the
a priori sample-size selection, our enrollment goal failed to
account for the eventual marked disparity in observed pa-
tient responses. Based on our results, a similar study would
require 38 participants to demonstrate significant differ-
ences in constant-work exercise duration.

This feasibility study is limited in terms of physiologic
insight. Without the assistance of concurrent esophageal
manometry and helium-oxygen calibrated airway pneumo-
tachometry, conclusions cannot be drawn as to the whether
there were unappreciated physiologic benefits in intrinsic
end-expiratory pressure, inspiratory or expiratory work
load, or pressure-time products throughout the course of
exercise. Detailed examination of these factors may clarify
which patients would be most likely to benefit from the
studied gas flow and NIV mixtures. However, the primary
question for the study was answered: it is feasible, safe,
and tolerable to combine heliox and NIV. Additional pro-
tocols enrolling larger sample sizes are needed to test the

Fig. 2. Distribution of exercise time by treatment. In the box plots,
the median is the dark line within the box. The box is defined by
the 25th and 75th percentiles, so 50% of the cases have values
within the box. The error flags (whiskers) represent the largest and
smallest observed values that are not outliers. Outliers (designated
by asterisks) are values more than 1.5 box-lengths from the quar-
tile. Extremes (designated by open circles) are values more than
3 box-lengths from the quartiles.
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presence and extent of clinical efficacy and ease of clinical
application.

Conclusions

Hyperoxic helium gas mixtures used in tandem with
NIV proved safe, tolerable, and feasible in a clinical set-
ting. However, the efficacy of such adjunctive measures
remains inconsistent and thus awaits studies enrolling larger
sample sizes.
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