
Introduction

Many of the original forerunners of today’s respiratory
care departments, arose during the 1940s from the need to
provide supplemental oxygen to patients. At that time hos-
pital oxygen supply systems consisted of high-pressure
gas cylinders that required transport through the hospital
and from patient to patient. The need for oxygen orderlies
or oxygen technicians was born from this need to transport
and provide supplemental oxygen in many hospitals. The
growth of the respiratory care profession over the past 6
decades can be attributed in large part to advances in pul-
monary therapeutics and medical technology. Though sup-
plemental oxygen is still a mainstay of the profession of
respiratory care, the need to provide additional supplemen-
tal gases to patients with cardiopulmonary disease has be-
come a common adjunct to many etiologies. This review
discusses the clinical evidence and delivery mechanisms for
4 specialty gases commonly used in acute and intensive care
settings in many pediatric hospitals today: helium-oxygen
mixture (heliox), inhaled nitric oxide, inhaled carbon dioxide,
and hypoxic gas therapy.

Heliox Therapy

Introduction

Helium is an odorless, tasteless, nonexplosive, noncom-
bustible, and physiologically inert gas. In 1935 Dr Alvan
Barach first described the use of heliox as a possible treat-
ment mechanism for cardiopulmonary disease.1 Air flow
through a fixed orifice or around an obstruction (ie, local-
ized obstructive lesion) is always partially turbulent and
inversely proportional to the square root of the gas density.
Helium is one-seventh the density of atmospheric nitro-
gen, so it has a more laminar flow through a partially
obstructed or fixed orifice, without a large difference in
the viscosity of the gases. Table 1 compares the densities
and viscosities of helium and the other primary atmo-
spheric gases.

Since helium has no pharmacologic properties of its
own, its therapeutic purpose is to lower the total density of

the inhaled gas. For medical purposes helium is always
mixed with oxygen and the mixture is commonly referred
to as heliox. The higher the concentration of helium, the
lower the fraction of inspired oxygen (FIO2

) and the less
dense the gas mixture. A basic understanding of respira-
tory and gas physics is necessary to understand the phys-
ical properties and behaviors that underlie the rationale for
using heliox.

Respiratory and Gas Law Physics

The difference between the pressure at the airway open-
ing and the alveolar pressure is the transrespiratory pres-
sure, for both inspiratory and expiratory phases of normal
respiration. That is: transrespiratory pressure equals the
alveolar pressure minus the pressure at the airway open-
ing. This equation is a crucial element in determining how
much work must be done to ventilate the lung. A frequent
factor associated with air flow obstruction is an increase in
airway resistance, which is determined from the pressure
gradient and is calculated by dividing the transrespiratory
pressure by the flow of a gas traveling through that airway.
Therefore, the effects of decreasing the gas density are not
straightforward and are influenced largely by the charac-
teristics of the airway flow.2

Three distinctly different patterns of pulmonary air flow
affect airway resistance: laminar, turbulent, and transitional
(ie, the transition from turbulent to laminar flow). The
resulting flow patterns in the pulmonary system are the
product of the physical conditions in the airway (airway
diameter, anatomic shape, branching, smoothness of air-
way lining) and the composition of the inhaled gas. Typ-
ically gas flow in the lung periphery is laminar, primarily
because of the large cross-sectional area through which the
gas flows, whereas the flow in larger airways is mainly
turbulent, because the flow is faster and through a rela-
tively small cross-sectional area.

The Bernoulli principle asserts that as the pressure of a
lateral wall drops, the velocity of gas within the tube in-
creases. The Bernoulli principle as it relates to the airways
implies that as gas velocity increases across a partial air-
way obstruction, the increased velocity causes airway tis-
sues to be drawn further into the airway because of the
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Table 1. Density and Viscosity of Helium and Other Atmospheric
Gases

Gas
Density

(g/L)
Viscosity

(micropoise)

Helium 0.1785 188.7
Oxygen 1.4290 192.6
Nitrogen 1.2510 167.4
Air 1.2930 170.8
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drop in lateral airway pressure. This phenomenon can
worsen the partial airway obstruction (ie, bronchospasm,
coughing, and airway edema), increasing the patient’s work
of breathing (WOB). Theoretically, when a less dense gas
such as heliox is used, the gas requires less driving pres-
sure and creates less velocity, which helps mobilize gas
around an obstruction and ventilate the lung periphery.
This decreases the WOB needed to produce the same or
higher minute ventilation.

Another gas law that relates to the airways and heliox is
the Graham law (principle of gas diffusion). The Graham
law states that the diffusion rate of a gas is inversely
proportional to the square root of its density. This principle
means that a less dense gas has greater velocity or move-
ment with less driving pressure.

Two other gas laws that correlate the airways’ theoret-
ical response to heliox are the Poiseuille law and the Reyn-
olds number. The Poiseuille law describes the relationship
between pressure, flow, and radius of the airway. This gas
law principle as it relates to the airways can be simplified
to 3 basic concepts: (1) A 50% reduction in air flow causes
a 50% reduction in airway resistance and the flow requires
much less pressure. (2) When air flow remains constant,
each branch of the airway below the trachea requires a
greater pressure (inversely to the 4th power of the airway
radius) to move the same air flow through the smaller
airways. (3) A 50% reduction in airway radius would in-
crease resistance in the distal airways by 16 times.

The Reynolds number concerns the physical properties that
influence the transition between laminar and turbulent flow:

Reynolds number � (flow rate � diameter � density)/
viscosity

The variables that determine the conversion of laminar
to turbulent flow in the airways are airway diameter, flow
rate (inspiratory or expiratory), gas density, and gas vis-
cosity. A Reynolds number � 2,500 promotes a laminar
flow. A Reynolds number � 2,500 results in a turbulent
flow, which requires a greater pressure gradient to venti-
late the lung segment. Heliox, as a less dense and more
viscous gas, will more easily pass around an airway ob-
struction than an oxygen-nitrogen mixture.

The physical properties of heliox, described by the gas
laws, provide the rationale and theoretical basis for using
heliox with respiratory diseases that are obstructive and
promote turbulent air flow. The following section discusses
the clinical indications for and ramifications of heliox in
the neonatal and pediatric populations, as well as the mech-
anisms for delivering heliox.

Asthma

Asthma is one of the most common chronic diseases in
pediatrics, today affecting an estimated 5 million children

in the United States. Asthma is a chronic inflammatory
disorder of the airways. In susceptible individuals this in-
flammation causes recurrent episodes of wheezing, breath-
lessness, chest tightness, and coughing, particularly at night
or in the early morning. The inflammation also causes an
associated increase in the existing bronchial hyperrespon-
siveness to a variety of stimuli. Episodes are usually as-
sociated with air flow obstruction, which is often revers-
ible, either spontaneously or with treatment. It is this air
flow obstruction component of asthma that theoretically
makes heliox an ideal treatment for pediatric asthma.
Though the use of heliox in the management of acute
exacerbations of pediatric asthma is relatively common,
the evidence is largely anecdotal and its efficacy has not
been demonstrated by large randomized, controlled trials.

Carter et al3 investigated heliox’s ability to improve
pulmonary function, decrease dyspnea sensation, and de-
crease a clinical symptom score. In this prospective, dou-
ble-blind, crossover study 11 patients were randomized to
either 70:30 heliox or 30% oxygen for 15 min and then
crossed over to the other treatment arm. All patients re-
ceived 5 mg nebulized albuterol every 1–4 hours and in-
travenously administered methylprednisolone. Serial mea-
surements of clinical and dyspnea score and spirometry
values were obtained before and after treatment in each
study arm. There was no significant difference with either
scoring mechanism (clinical or dyspnea). There was no
significant difference in forced expiratory volume in the
first second (FEV1) or forced vital capacity. Peak expira-
tory flow and forced expiratory flow in the middle half of
the forced vital capacity (FEF25–75) were significantly bet-
ter in the patients who received heliox (p � 0.04 and p �
0.006, respectively). The authors concluded that short-term
use of heliox did not benefit the management of pediatric
status asthmaticus in that group of children.

Kudukis et al attempted to demonstrate the efficacy of
heliox in reducing dyspnea and pulsus paradoxus in pedi-
atric status asthmaticus.4 In this double-blind, controlled
trial 18 patients with status asthmaticus and pulsus para-
doxus � 15 mm Hg were randomized to either 80:20
heliox or room air delivered via nonrebreathing face mask.
All patients were treated with continuous � agonists and
intravenous methylprednisolone. Patients receiving heliox
had a statistically significant reduction in pulsus paradoxus,
which increased with the discontinuation of the study gas
(p � 0.001). The patients receiving heliox also demon-
strated a significant increase in peak expiratory flow (p �
0.05) and a significant decrease in dyspnea index (p �
0.0002), which increased with gas cessation. Anecdotally,
the authors thought that heliox obviated intubation and
mechanical ventilation with 3 of the patients. Kudukis et al
concluded that heliox significantly lowered pulsus para-
doxus, increased peak flow, and lessened the dyspnea in-
dex in children with status asthmaticus.
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Postextubation Stridor

Postextubation stridor is another situation in which air-
way obstruction causes turbulent air flow. The obstruction
is caused by airway edema in the vocal cord region, sec-
ondary to the placement of an artificial airway. Frequently
the removal of the artificial airway results in a temporary
obstruction from soft tissue swelling that may or may not
result in some degree of reversible air flow obstruction.
Heliox provides more laminar air flow in this situation,
which may alleviate clinical signs and symptoms.

Kemper et al assessed heliox for reducing postextuba-
tion stridor in children with burns and trauma.5 This ran-
domized, blinded trial included children (� 15 years of
age) who were electively extubated and had symptoms
of postextubation stridor and an oxygen requirement of
� 35%. Study gas was administered for 15 min. A phy-
sician blinded to the treatment arm assessed study partic-
ipants for respiratory distress. The study encompassed 13
children with 15 total extubations. Forty-seven percent (7
of 15) of the patients required subsequent treatment with
racemic epinephrine or reintubation. A statistically signif-
icant decrease (p � 0.005) in stridor score (2.8 vs 3.7) was
found among the patients receiving heliox. Anecdotally, in
8 of the 9 trials the physicians preferred heliox. Kemper et
al concluded that heliox decreased stridor score among
children with postextubation stridor and was a preferred
treatment method.

In another study of postextubation stridor, Rodeberg et
al assessed the effectiveness of heliox with postextubation
burn patients.6 In this small study, 8 pediatric burn patients
who had postextubation stridor and retractions refractory
to racemic epinephrine were treated with heliox. Patients
were treated for 28 � 5 hours with an initial helium con-
centration between 50% and 70%. In this study of conve-
nience, 2 of the 8 patients required reintubation. In the
other 6 patients the authors noted a decrease in respiratory
distress score (6.8 � 0.7 vs 2.0 � 0.7). The authors con-
cluded that heliox relieves stridor and prevents the need
for reintubation in the majority of patients.

Airway Obstruction

There are a number of etiologies other than postextu-
bation stridor that can result in upper airway obstruction.
Viral tracheobronchitis and subglottic injury can cause up-
per airway obstruction that results in turbulent flow. Fre-
quently the insertion of an artificial airway is the only
mechanism to protect the airway. Intubation may lead to
further inflammation, mucosal ischemia, subglottic swell-
ing, and/or stenosis. Heliox promotes laminar air flow,
which helps to alleviate clinical signs and symptoms and
thus may obviate intubation.

In a study by Connolly and McGuirt,7 14 consecutive
patients with severe airway distress and who met criteria
for intubation were treated with heliox as their initial ther-
apy. Four of the 14 (29%) patients (3 of whom had his-
tories of subglottic stenosis) required intubation. The other
10 were successfully managed without intubation. The au-
thors concluded that heliox is a relatively safe and effec-
tive alternative to intubation for children with severe sub-
glottic edema or injury.

With a larger cohort of patients with upper airway ob-
struction, Grosz et al retrospectively evaluated the effects
of heliox in 42 patients (over a 3 year period).8 The ret-
rospective analysis included children between the ages of
1 and 14 who were admitted and treated with heliox (44
occurrences) for upper airway obstruction. A positive he-
liox response was determined by a reduction in the WOB.
Under that criteria, 32 of the 44 patients (73%) responded
positively to the heliox treatment. There were no signifi-
cant demographic differences between the groups except
that all of the premature infants were responders and 6 of
the 9 nonresponders were children with congenital syn-
dromes. The authors concluded that heliox is effective and
useful as an adjunct therapy for upper airway obstruction.

Croup

In a case series report, Duncan evaluated 7 patients
suffering acute airway obstruction: 2 of the cases were
caused by croup and the others by mass effect or postex-
tubation edema.9 In that series the mean croup score of 7.9
decreased to 3.9 after heliox administration (a statistically
significant change). In another case series report of 14
patients (ages 3–21 mo) admitted to the hospital with the
diagnosis of croup, the patients demonstrated reduced re-
spiratory distress almost immediately after receiving he-
liox.10

In an emergency department pilot study by Terregino et
al,11 15 subjects (mean age 24 mo) presenting with signs
and/or symptoms of croup were enrolled into one of 2
groups: patients received either 30% oxygen (humidified)
or 70:30 heliox (humidified). These authors found heliox
to be safe, well tolerated, and as effective as humidified
oxygen in reducing the croup score. The authors concluded
that assessment of patients by a croup scoring system and
blood gas analysis suggests that heliox is a useful alterna-
tive to tracheotomy or tracheal intubation.

In a prospective, randomized, double-blind trial Weber
et al compared the effect of heliox and racemic epineph-
rine on croup scores in children with moderate to severe
croup.12 This study randomly assigned children who had
moderate to severe croup scores (� 5) to one of 2 treat-
ment arms in the emergency department or pediatric in-
tensive care unit (ICU). All 33 patients were initially treated
with humidified oxygen and 0.6 mg/kg of intramuscular
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dexamethasone prior to being randomized to either heliox
or racemic epinephrine treatments. The final analysis in-
cluded 29 patients, because 3 were excluded for protocol
violations and 1 for lack of documentation. Heliox and
racemic epinephrine were both associated with reduction
in croup score over time. There were no significant dif-
ferences in mean croup score, oxygen saturation, respira-
tory rate, or heart rate between the groups at baseline or at
the end of the treatment period. The authors concluded that
the effects of racemic epinephrine and heliox were similar
between groups.

Bronchiolitis

Bronchiolitis, a common condition, is inflammation of
the respiratory bronchioles, which produces airway ob-
struction from bronchial wall edema and mucus occluding
the airways. The main viral pathogens responsible for bron-
chiolitis are respiratory syncytial virus (RSV) and parain-
fluenza virus. The most common time of year to see bron-
chiolitis coincides with RSV infections (and many other
viral infections), between December and April.

In a recent prospective, interventional, comparative study
Martinon-Torres et al assessed the therapeutic effects of
heliox in infants with bronchiolitis.13 The study assessed
38 infants, between 1 month and 2 years old, consecu-
tively admitted to a pediatric ICU with moderate to severe
acute RSV bronchiolitis. The first 19 patients were en-
rolled in the control arm, in which they received nebulized
epinephrine. The next 19 patients received the same treat-
ment as the control arm, plus heliox through a nonre-
breather face mask. At baseline the 2 groups were similar
in demographics and acuteness of disease. Clinical score,
heart rate, respiratory rate, and oxygen saturation improved
in both groups. At 1 hour and at the end of the observation
period the clinical score, heart rate, and respiratory rate
were significantly improved in the heliox group than the
control group. The length of stay was significantly shorter
for the heliox group than the control group. The authors
concluded that heliox improved clinical respiratory status
with infants suffering moderate-to-severe RSV bronchioli-
tis. This improvement resulted in a reduction of clinical
score, tachypnea, and tachycardia. The beneficial response
was noted within the first hour and continued through the
duration of the study. In addition, heliox resulted in a
significantly shorter length of stay in the pediatric ICU.

Hollman et al sought to determine the efficacy of heliox
with children admitted to the pediatric ICU with acute
RSV bronchiolitis.14 The study included both a random-
ized, double-blind, controlled, crossover study and a non-
randomized, prospective study. Thirteen patients were ran-
domized to treatment with either heliox or air-oxygen
mixture, in random order, for 20 min. Five nonrandomized
patients received heliox as initial therapy. Clinical asthma

score, respiratory rate, heart rate, and oxygen saturation
(measured via pulse oximetry [SpO2

]) were recorded prior
to randomization and after each 20-min treatment period
(heliox or air-oxygen mixture). Nonrandomized patients
were studied 20 min into heliox delivery. Clinical asthma
score decreased in all patients (mean 1.23, p � 0.01), as
well as in randomized patients (mean 0.46, p � 0.05) who
received heliox. Randomized patients with clinical asthma
scores � 6 (n � 12) showed a positive correlation (r2 �
0.72) for change in clinical asthma score with heliox ad-
ministration (p � 0.009). Respiratory rate and heart rate
decreased with heliox, but the decreases were not statisti-
cally significant. Hollman et al concluded that heliox im-
proves overall respiratory status of children with acute
RSV lower respiratory tract infection.

In another study of infants with bronchiolitis, Gross et al
assessed the response of 10 infants (ages 1–9 mo) who
were mechanically ventilated with synchronized intermit-
tent mandatory ventilation and received the following gas
mixtures for 15-min intervals: 50:50 nitrogen-oxygen,
50:50 helium-oxygen, 60:40 helium-oxygen, 70:30 heli-
um-oxygen, and returned to 50:50 nitrogen-oxygen.15 There
were no significant differences in the outcome variables
with any of the gas mixtures. The authors concluded that
in mechanically ventilated children with bronchiolitis the
various heliox mixtures, compared with 50:50 nitrogen/
oxygen, did not result in a significant or noticeable de-
crease in ventilation or oxygenation.

Delivery

The delivery of heliox can be problematic for sponta-
neously breathing patients and patients who require me-
chanical support. The first problematic issue is the pa-
tient’s FIO2

requirement, which limits the helium
concentration that can be administered. A patient with an
FIO2

requirement � 0.40 is unlikely to benefit from the
limited amount of helium that could be mixed into the
inhaled gas.

For spontaneously breathing patients, heliox is best de-
livered through a closed system. A simple definition of a
closed system is one in which the delivery mechanism is
not prone to problematic leaks or air entrainment. In a
study published in CHEST, Stillwell et al sought to deter-
mine the effectiveness of various heliox delivery systems.16

The study used 5 adult, spontaneously breathing volun-
teers and measured the density dependence at 50% of vital
capacity. The mean � SD density dependence at 50% of
vital capacity with a nonrebreathing mask (1.32 � 0.89)
and simple mask (1.21 � 0.87) were statistically greater
(p � 0.05) than heliox delivered via nasal cannula (1.00 �
0.13). The authors also studied oxygen hoods as a delivery
mechanism for heliox. The nitrogen concentration in the
study hoods progressively increased from top to bottom of
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the hood, indicating that the helium was more concen-
trated in the top of the hood. Stillwell et al concluded that
the nonrebreathing and simple masks were probably sat-
isfactory delivery system, that oxygen hoods may be sub-
optimal, and that nasal cannulae are ineffective.

Typically, the gas is administered with a face mask and
reservoir bag. A Y-piece attachment can be placed be-
tween the mask and the reservoir bag so as to add a neb-
ulizer for concurrent � agonist administration. This deliv-
ery system requires a 12–15 L/min flow to maintain
reservoir bag inflation, in a continuous delivery format,
which requires 2–5 size H cylinders per day. When using
an oxygen-calibrated flow meter for heliox therapy, it is
important to remember that the less dense gas (helium)
causes the actual flow to be greater than the indicated flow
(Table 2).

Heliox delivery can also be problematic for patients
who require mechanical support. The delivery of heliox
via noninvasive ventilation to adults has been reported17,18,

but with pediatric patients the reports are mainly anecdotal
or single-case design. The delivery of heliox during me-
chanical ventilation has also been documented to be prob-
lematic.19,20 Ventilators are designed to mix air and oxy-
gen, so adding a gas of a different density, viscosity, or
thermal conductivity can affect both the delivered and mea-
sured tidal volume in volume-controlled ventilation. The
problem of delivered tidal volume can be partially ad-
dressed by using pressure-controlled ventilation, as pres-
sure sensors are not affected by gas composition, whereas
volume sensors are affected. Correction factors are neces-
sary to accurately calculate measured exhale volumes.20

Summary of Heliox

Heliox has gained widespread support and use in many
pediatric emergency departments and ICUs over the past
decade. Clinical evidence on the effectiveness of heliox is
largely anecdotal, in case presentations or small, uncon-
trolled studies. Heliox has been touted and promoted as an
adjunct to care for infants and children suffering both up-
per and lower airway obstruction. Heliox’s ability, as a
less dense gas, to promote a more laminar flow in ob-
structed airways has been purported to assist in reducing
WOB, respiratory distress, and postextubation stridor.

Though the evidence appears to support the utility of 
heliox in postextubation stridor, upper airway obstruction, 
and possibly unintubated patients with bronchiolitis, the 
evidence is relatively sparse. The evidence for other pe-
diatric obstructive disorders (croup, asthma, and mechan-
ically ventilated bronchiolitis) is largely anecdotal or in-
substantial. The cost of heliox, compared to racemic 
epinephrine, should be considered when initiating front-
line therapy for obstructive airway disorders. Further ran-
domized clinical trials with pediatric patients are needed to 
determine the utility and benefits of heliox therapy.

Table 2. Actual Flows for Oxygen-Calibrated Flow Meter with
Various Helium-Oxygen Mixtures

Helium to Oxygen Ratio
Actual Flow

(% of set flow)

80:20 180
70:30 160
60:40 140
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