
Helium: Is the Sky the Limit?

The concept of helium, specifically a helium/oxygen
mixture (heliox), as a medical therapy was first sug-
gested by Barach in 1934 as a way to improve air flow
in patients with airway obstruction from asthma and
obstructive lesions.1 Due to the impact of World War II,
heliox was largely forgotten until the 1970s. Since its
re-introduction, studies examining the use of heliox have
been controversial and have yielded largely conflicting
findings regarding its utility, as well as questions re-
garding the validity of data. Unfortunately, the lack of
clear evidence in support of heliox has limited its clin-
ical popularity and precluded specific guidelines regard-
ing its use, though it remains on the formulary at many
major centers.

The major benefit of helium mixtures comes from the
low density of helium compared with air and oxygen,
which favors laminar flow, reduces airway resistance,
and improves respiratory mechanics with decreased work
of breathing and energy expenditure.2 Moreover, helium
is an inert gas, which makes the likelihood of any ad-
verse effects from its use incredibly small.3 Because of
its theoretical benefit and favorable side-effect profile,
and despite the aforementioned lack of evidence, the
use of heliox has been advocated in many respiratory
conditions, including upper airway obstruction, extrin-
sic upper airway compression, postextubation stridor,
croup, laryngotracheomalacia, bronchiolitis, ARDS, and
obstructive lung disease.

In this issue of RESPIRATORY CARE, Leatherman et al4

present a single-center prospective observational study
assessing the impact of 30 min of heliox (70:30 helium:
oxygen) on airway pressures (peak, plateau, and total
PEEP) as well as PaCO2

in intubated subjects with severe
airway obstruction (COPD and asthma). Unlike previ-
ous studies, these authors showed no difference in in-
dices of hyperinflation, including plateau pressure and
PEEP. The authors explain their findings physiologi-
cally on the basis of the principle that heliox only im-

proves areas of turbulent air flow, and therefore, if air
flow is already laminar, no improvement would be ex-
pected with heliox. Based on the evidence from this

SEE THE ORIGINAL STUDY ON PAGE 375

study, the authors conclude that there is limited clinical
benefit of heliox in patients with obstructive lung disease.

Should heliox be written off completely, or is it being
unfairly judged? While improvements in hyperinflation
and other respiratory parameters appear unclear, the ben-
efits of heliox in patients with severe obstructive pulmo-
nary disease and other pathologies may exist beyond the
effects studied here. In a similar ICU population, a re-
cently published multi-center randomized trial in Europe
and Canada examined whether 72 h of heliox during and
between episodes of noninvasive ventilation reduced the
rate of failure of noninvasive ventilation requiring intuba-
tion.5 Although the study was stopped early due to a low
failure rate in both groups, heliox was associated with
significantly faster improvement of breathing frequency,
acidosis, hypercapnia, and encephalopathy. Some of these
effects are likely due to improved gas exchange seen with
helium due to the more favorable diffusion of carbon di-
oxide (4–5�) compared to air. Additionally, of the sub-
jects who had failure of noninvasive ventilation, those
receiving heliox had a shorter duration of mechanical ven-
tilation and ICU length of stay, potentially due to im-
proved respiratory mechanics, less muscle fatigue, and en-
hanced ventilator weaning.5

A key role of heliox in the treatment of obstructive lung
disease is as a vehicle for the administration of broncho-
dilators. Delivery of bronchodilators to more compromised
distal airways via conventional methods is difficult be-
cause airway obstruction causes preferential delivery to
central, less affected airways. Heliox promotes a more
uniform deposition in the central and peripheral airways,
improving delivery to the most affected areas that limit air
flow.6 Heliox-driven delivery of bronchodilators is partic-
ularly useful in acute asthma and COPD exacerbations,
resulting in enhanced improvement in all spirometry pa-
rameters compared with oxygen.7 Bronchodilator admin-
istration with heliox is also useful in stable asthmatics,
producing improvements in FEV1 as well as inspiratory
capacity.6
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Amelioration of symptoms and improved physical ac-
tivity are crucial parts of the treatment of COPD and
contribute to an improved sense of well-being. This may
ultimately be one of the primary indications for heliox
therapy. Patients with obstructive lung disease experience
worsening of symptoms during exercise as they struggle to
increase ventilation primarily through changes in breath-
ing frequency. As breathing frequency increases, inspira-
tory and expiratory times decrease. Shortening inspiratory
and expiratory times favors turbulence, which reduces ex-
piratory flow and inspiratory and expiratory volumes, and
also worsens hyperinflation (dynamic hyperinflation). Un-
like the physiology described by Leatherman et al,4 in the
presence of turbulent flow, as seen with exercise, heliox
improves respiratory mechanics. Therefore, heliox has clin-
ical benefit when used in the out-patient treatment of ob-
structive lung disease as a part of pulmonary rehabilita-
tion. By promoting laminar flow and limiting dynamic
hyperinflation, heliox significantly increases the amount
of time patients with COPD are able to exercise.8 In ad-
dition to increased exercise duration, several other studies
support improved intensity of exercise, including walk dis-
tance, with the use of heliox.9

Responses to heliox appear to be somewhat variable in
that patients with more severe disease, and those with
disease of the proximal airways where turbulent flow is
more prevalent are more responsive to heliox therapy.10 It
is fortunate that the respiratory effects of heliox are seen
within 30–60 min, so individual responses to heliox can
be determined quickly. It is logical to recommend a brief
trial of heliox in patients who might have an improvement
with heliox.

Moreover, helium has other physiologic effects out-
side of its impact on pulmonary physiology. In the car-
diovascular system, helium has a synergistic effect with
nitric oxide on pulmonary vasculature, resulting in de-
creased mean pulmonary artery pressure.11 The mecha-
nism for this effect may be similar to that seen with
bronchodilators with regard to improved small-airway
delivery of nitric oxide. Helium is also cardioprotective,
activating pro-survival signaling kinases while inhibit-
ing mitochondrial permeability transition.12 Helium de-
creases infarction size when used as an agent for both
cardiac pre- and post-conditioning.13 Similar to the myo-
cardium, helium also has neuroprotective effects, pos-
sibly due to denitrogenation, and several studies have
shown decreased infarction size and improvement of
neurologic deficits compared to other treatments, in-
cluding hyperoxia in both traumatic brain injury and
stroke models.14

Helium is also proving useful to improve procedural
and imaging aspects of medicine. Helium may be used
as an alternative to carbon dioxide for insufflation in
increasingly common laparoscopic and robotic proce-

dures.14 Compared with carbon dioxide insufflation, he-
lium is associated with less hypercarbia and associated
respiratory acidosis, making it particularly appealing
for use with patients with cardiopulmonary disease, in-
cluding COPD.15 Hyperpolarized helium has shown
promise in optimizing imaging of lung tissue with mag-
netic resonance imaging (MRI). Lung MRI has long
been challenging due to air–tissue interfaces, cardiore-
spiratory motion, and the lack of hydrogen in the lung
fields. However, by utilizing hyperpolarized helium,
MRI images are improved, enabling clinicians to gain
valuable information about oxygenation and to display
airway obstruction and changes over time in patients
with obstructive lung disease.16

Despite the lack of positive findings regarding indices
of hyperinflation in the population of intubated subjects
with COPD and asthma studied by Leatherman et al,4

heliox appears to have many potential clinical benefits,
and medical applications for helium continue to evolve.
Unfortunately, comparatively few studies on heliox have
been published, with many of these being observational in
nature. As with many relatively new therapies, additional
larger, randomized controlled studies are needed to fully
elucidate the effects of heliox in different patient popula-
tions before the final verdict on heliox (and helium) is
handed down.
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