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Lighter than air: heliox breathing improves exercise

tolerance in COPD
P. Palange

D
yspnoea and reduced exercise tolerance are the hall-
marks of chronic obstructive pulmonary disease
(COPD). In the advanced phases of the disease the

ability to exercise is mainly limited by the combination of a
reduced ventilatory capacity, increased ventilatory requirement
and lung dynamic hyperinflation. Importantly, the aforemen-
tioned respiratory mehanical abnormalities are well recognised
causes of exertional dyspnoea in COPD [1]. However, in a
substantial number of patients a heightened perception of leg
effort may reduce tolerance to cycle-ergometer exercise, while
dyspnoea appears to be the main symptom limiting the ability to
walk [2]. Regardless of this, there would be little question that,
in patients with severe COPD and particularly in those subjects
with predominant emphysema, maximal exercise tolerance is
markedly reduced because of ventilatory limitation, dynamic
hyperinflation and dyspnoea sensation.

Figure 1 illustrates the lung mechanical abnormalities that cause
dyspnoea and exercise intolerance in COPD. Airflow obstruction
could be the result of intrinsic airways narrowing, as observed in
chronic bronchitis, or may be the result of airways collapse due
to loss of lung elastic recoil, as observed in emphysema.
Importantly, both these anatomical alterations cause a reduction
in expiratory flow reserve. When this occurs, breathing is
usually accommodated to a higher lung volume, to prevent the
unpleasant sensation arising from the central airways and to
permit adequate ventilation. As a result, dynamic lung
hyperinflation develops due to well-refined actions of various
neural and mechanical mechanisms, presumably to achieve the
best compromise between the minimum amount of expiratory
flow limitation and the least load for the inspiratory muscles.
Breathing under conditions of expiratory flow limitation is
associated with an increased work of breathing (WOB) and
could lead to two basic physiological consequences: 1) airways
undergoing mechanical collapse trigger neural signals elabo-
rated at the cortical level, i.e. dyspnoea sensation; and 2) the high
intrathoracic and abdominal pressures resulting from an
elevated expiratory effort may limit venous return to the right
heart. A reduction in cardiac output and oxygen delivery to the
exercising muscles has been postulated as a pathopysiological

mechanism affecting exercise tolerance in severe COPD patients
at the maximal level of exercise.

Different strategies have been utilised to improve lung
mechanics, dyspnoea and exercise tolerance in COPD, such
as decreasing bronchial tone (by the use of bronchodilators)
and/or reducing the amount of ventilation needed at a given
work rate (by the use of exercise based rehabilitation
programmes). Both strategies, alone or in combination, appear
to be capable of improving exercise tolerance and dyspnoea on
exertion in COPD [3, 4].

Studies have been also carried out to demonstrate the
beneficial effect of ‘‘ergogenic aids’’ on exercise, such as
oxygen supplementation [5]. The effects of breathing low-
density gas mixtures (i.e heliox or helium+oxygen) during
exercise have only been tested recently: the results of eight
important studies published in this field have been reviewed
by HUNT et al. [6] in the current issue of the European Respiratory
Review. In their study, HUNT et al. [6] clearly illustrate the
rationale beyond the use of heliox during exercise in COPD
and adequately summarise the relevant results of these
research articles. Importantly, as for the results of their review
analysis, HUNT et al. [6] concluded that: ‘‘Overall, the eight
studies included in this review presented a case for high level,
low risk of bias evidence to support the effectiveness of heliox
in improving the intensity and endurance of exercise when
compared to room air for people with COPD.’’. In contrast, the
review by HUNT et al. [6] failed to demonstrate a significant
reduction in exertional dyspnoea induced by heliox breathing.
It should be noted, however, that dyspnoea was not the
primary outcome in these studies and that differences in the
studied patient population and exercise protocols utilised (i.e.
maximal versus constant work rate and cycling versus walking),
may have contributed to this result.

HOW DOES HELIOX WORK?
It is important to remember that maximum flow in the airways
is determined not only by their size and compliance at the
choke point but also by physical properties of the inhaled
gases. During heliox breathing, the density of which is
approximately one third of air, flow is expected to increase
as a result of decreased turbulence within the large airways.
Helium based mixtures are mainly utilised in deep diving,
e.g. .6ATM (5.92 bar): in fact, the high environmental pres-
sure reached during diving induces airflow limitation and
increases the WOB [7]. In this environmental condition heliox
acts by diminishing the airflow resistance and by decreasing
turbulences. It is important to note that flow limitation that
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occurs when breathing air in high-pressure environments
represents a condition similar to that experienced by severe
COPD patients during high-intensity bouts of exercise.

WHY DOES HELIOX IMPROVE EXERCISE TOLERANCE IN
COPD?
In normal individuals heliox breathing induces sustained
exercise hyperventilation and hypocapnia [8, 9] because this
mixture is capable of accommodating greater maximum flow
and ventilation and allows tidal volume to increase at the
expense of a reduced functional residual capacity. In patients
with severe airways obstruction, turbulent flow frequently
occurs, even at low breathing rates [10]; total airway resistance
(Raw) is very high and leads to airflow limitation and increased
work of breathing. The increase in Raw is mainly due to
narrowing of the airways due to inflammatory infiltration or
due to reduced lung elastic recoil. It has been shown that the
increase in Raw mainly occurs in peripheral airways (,3 mm
diameter), although a significant increase in Raw could also be
observed in the major intrathoracic conducting airways [11].
The eight studies revised by HUNT et al. [6] were mainly
conducted in moderate-to-severe COPD patients. The more
favourable and convincing effect of heliox breathing was the
significant improvement in exercise endurance time; this was
mostly due to an improvement in ventilatory capacity and
lung mechanics (e.g. reduced lung dynamic hyperinflation and
WOB). Recently, CHIAPPA et al. [12] confirmed the positive
effect of heliox breathing on lung pulmonary mechanics and,
ultimately, on exercise tolerance. In addition, CHIAPPA et al. [12]
were able to demonstrate a favourable effect of heliox on
peripheral muscle oxygenation. It is important to point out that
the studies which were able to demonstrate a significant

improvement in exercise tolerance with heliox all utilised a
high-intensity constant work-rate (CWR) ‘‘endurance’’ protocol
[13–15]. This ‘‘exercise strategy’’ has been also successful in
showing the positive effects of other therapeutic interventions,
such as bronchodilators, oxygen supplementation and exercise-
based pulmonary rehabilitation. Nowadays, the high-intensity
CWR endurance protocol appears to have a greater sensitivity
compared with the incremental exercise test in evaluating the
effects of therapeutic interventions [16]. This is probably due to
the fact that even small positive changes in lung mechanics can
translate into significant positive changes in endurance toler-
ance. In a recent study on the effect of heliox in COPD it was
speculated that: ‘‘small increment in FEV1 (e.g. 0.16 L) induced
by heliox at rest can be roughly translated in an increase in
maximal ventilation of 5.6 L?min-1 that, in a COPD patient with
1.3 L of FEV1, predicts a 12% increase in maximal ventilatory
capacity.’’ [13].

As discussed previously, CWR has been found to be useful in
evaluating the effect of an intervention. If a given work rate can
be sustained for a longer period after an intervention this is
taken as evidence of improved exercise tolerance. Furthermore,
if the increase in exercise tolerance is associated with
amelioration in physiological response variables, this consti-
tutes an effort independent of evidence of improvement in
exercise tolerance. It should be clarified, however, that the
selection of the work rate to be used for the CWR must be
individualised to the patient’s maximal exercise tolerance [17].
In fact, if the work rate selected is too high the CWR test will be
tolerated for only a very short duration of time and improve-
ments in the physiological ability to exercise will result in very
small or no improvements in exercise time. If the work rate is
too low then the CWR exercise will last indefinitely and will
not be a helpful discriminant. It has been suggested that
exercise durations in the range of 4–7 min are desirable
baselines for interventional studies. Importantly, it has been
demonstrated that in patients with moderate-to-severe COPD,
choosing a work rate of 80–85% of the peak work rate
measured at the incremental test yielded the best chance of
achieving a test duration of 4–7 min [18].

In conclusion, the good news is that heliox breathing increases
exercise ‘‘endurance’’ tolerance in severe COPD patients. What
is not yet understood is which patients could benefit the most
from heliox breathing, and if these patients could be identified
by the use of resting lung function measurements. Further
studies are also needed to verify the utility of heliox as an
ergogenic aid to training in pulmonary rehabilitation. Because
of the elevated cost of helium, it will be also interesting to see if
helium sparing devices will be developed in the near future.
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FIGURE 1. Lung mechanical abnormalities causing exercise intolerance in

chronic obstructive pulmonary disease (COPD). DH: dynamic hyperinflation; WOB:

work of breathing. Refer to the text for comments.
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