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AVOIDING INTUBATION IN THE INJURED SUBGLOTTIS: THE ROLE
OF HELIOX THERAPY

KIERAN M. CONNOLLY, MD WILLIAM F. MCGUIRT, JR, MD

WINSTON-SALEM, NORTH CAROLINA

Intubation in the child presenting with severe viral tracheobronchitis or prior subglottic injury can be detrimental to the child and
the subglottis. Intubation may lead to further mucosal ischemia, scar, subglottic stenosis, or failed extubation requiring a trache­
otomy. Heliox is a combination of helium and oxygen that produces less-dense gas exchange. Its use leads to a decrease in turbulent
airflow, which may obviate the need for intubation. Here we report our experience using heliox as initial therapy in 14 consecutive
children presenting with severe airway distress and the need for intubation. (Five had viral tracheobronchitis, 5 had inflammatory
exacerbation of subglottic stenosis, and 4 had acute iatrogenic subglottic injury.) In 10 of the 14 children. intubation, which can lead
to mucosal injury and scarring, was avoided by the use of heliox therapy. Of the 4 children in whom heliox therapy failed, 3 had a
prior history of subglottic stenosis. Heliox is a relatively safe and reliable alternative to intubation of children with severe subglottic
edema or injury. Heliox should be considered before intubation for selected children with subglottic inflammation and severe airway
distress.
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INTRODUCTION

Heliox is a gas mixture composed of helium and
oxygen. Its use in upper airway obstruction was first
suggested in 1934. I In spite of its introduction more
than 60 years ago, it has never seen widespread clini­
cal use. Heliox has a density one third that of room
air, and it is this property that makes it useful in the
treatment of airway obstruction. Heliox decreases re­
sistance to flow, changes turbulent flow to laminar
flow, and promotes the diffusion of carbon dioxide
and thereby decreases the work of breathing.F' Ulti­
mately, these advantages may obviate the need for
intubation. Intubation can be detrimental to the up­
per airway, including the subglottis, where it may
lead to further mucosal injury or scarf We present
14 consecutive pediatric patients who developed se­
vere respiratory distress that failed to resolve with
conventional medical treatment who were subse­
quently treated with heliox. Our goal was to deter­
mine whether endotracheal intubation could be
avoided through the use of heliox.

MATERIAL AND METHODS

Patients who had presented to Wake Forest Uni­
versity Baptist Medical Center-Brenner Children's
Hospital in severe respiratory distress due to an up­
per airway lesion were initially treated with conven­
tional medical therapy consisting of humidified oxy­
gen, intravenous steroids, and nebulized racemic epi-

nephrine bitartrate. Heliox was used in 14 consecu­
tive patients in whom this treatment failed and in
whom intubation or reintubation was impending. Five
of the patients had a primary diagnosis of viral tra­
cheobronchitis,5 had an inflammatory exacerbation
of underlying subglottic stenosis, and 4 had an acute
traumatic injury to the subglottis. All of the patients
were initially treated with commercially prepared he­
liox composed of 70% helium and 30% oxygen. Al­
though heliox does not have approval from the US
Food and Drug Administration for this indication, it
has been used in our institution without any side ef­
fects. The heliox was delivered by either an oxyhood
or a non-rebreather face mask, or through a continu­
ous positive pressure mask. In children in whom he­
liox treatment was successful, the patient was subse­
quently weaned to humidified oxygen without heli­
um.
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Fig 1. (Case I) Findings at endoscopy. A) Glottis and subglottis. B) Closer view of subglottis.

tion. The patient's initial examination revealed bi­
phasic stridor and mild retractions. A further review
of the history revealed a choking spell prior to the
onset ofthe noisy breathing. In view ofthe possibil­
ity of foreign body aspiration, it was decided to take
the patient to the operating room, where she under­
went direct laryngoscopy and bronchoscopy. This pro­
cedure revealed severe subcordal edema that extended
into the subglottis (Fig 1). On the first postoperative
day, the patient developed respiratory distress requir­
ing intubation. It was believed that the patient's res­
piratory distress was due to postbronchoscopy edema
on top of the existing subglottic edema. After extu­
bation, the patient developed respiratory distress that
failed to resolve with intravenous steroids, racemic
epinephrine, and humidified oxygen. The patient was
placed on heliox via a non-rebreather mask, which
she tolerated well. The patient remained on heliox
for a period of 24 hours, after which time she was

successfully weaned to room air.

Case 2. A 2-month-old boy with a 2-day history
of stridor, croupy cough, and fever to 41°C (106°F)
presented to an outside hospital emergency depart­
ment. On arrival, he developed cardiopulmonary ar­
rest. The patient was intubated with an uncuffed 4.5­
mm (internal diameter) endotracheal tube, resusci­
tated, and transferred to our institution for further
evaluation and treatment. Examination in the pedi­
atric intensive care unit revealed blood in the endo­
tracheal tube suggestive of traumatic intubation. The
patient's endotracheal tube was immediately down­
sized to a 3.0-mm (internal diameter) tube. The pa­
tient was taken to the operating room, where he un­
derwent direct laryngoscopy and bronchoscopy that
revealed extensive subglottic edema and mucosal is­
chemia (Fig 2). He remained intubated for 9 days
while his medical condition stabilized. After extuba-

Fig 2. (Case 2) Findings at endoscopy. A) Glottis and subglottis. B) Closer view of subglottis.
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PATIENT DATA

Route of Duration
Airway He/iox ofHeliox Intubation

Age Diagnosis Delivery Use Avoided

4mo Subglottic Oxyhood 24 h/6 d* On second
stenosis attempt

I mo Subglottic Oxyhood 4d Yes
stenosis

3y Tracheo- CPAP 2d Yes
bronchitis

2y Traumatic Face mask 4d Yes
injury

7 mo Traumatic Oxyhood 36 h Yes
injury

2mo Subglottic Oxyhood/ 36 h No
stenosis CPAP

2mo Tracheo- Oxyhood 4d Yes
bronchitis

I mo Subglottic CPAP 3d Yes
stenosis

3 mo Traumatic Face mask 36 h Yes
injury

I mo Tracheo- Oxyhood 4d Yes
bronchitis

2y Tracheo- Face mask 36 h/12h* On second
bronchitis attempt

2mo Traumatic Oxyhood 36 h Yes
injury

3.5 mo Subglottic Face mask 24 h No
stenosis

2y Tracheo- Face mask 20 h Yes
bronchitis

CPAP - continuous positive airway pressure.

*For patients in whom heliox therapy initially failed but who were
subsequently extubated by means of heliox, both treatment inter­
vals are given.

tion, he developed respiratory distress that failed to
resolve with medical treatment. Heliox was success­
fully instituted, and reintubation was avoided. The
patient was successfully weaned to room air after 36
hours of treatment.

Of the 14 patients in whom heliox therapy was
implemented, intubation or reintubation was avoided
in 10 (see Table). Of the 4 patients who required air­
way intervention, 2 were subsequently successfully
extubated with the use of heliox. The duration of he­
liox therapy ranged from 20 hours to 6 days. In sev­
eral patients, as the heliox was discontinued, the stri­
dor and respiratory distress returned, requiring reini­
tiation of the heliox therapy. In these patients, once
the underlying upper airway disorder improved, he­
liox was successfully discontinued. In the 2 patients
in whom the heliox was ultimately unsuccessful,
there was evidence of tongue base obstruction. Three
of the 4 patients in whom heliox therapy initially
failed had severe underlying subglottic stenosis, and
2 of them eventually required tracheotomy.

Fig 3. Patient undergoing heliox therapy in which gas
mixture is delivered via oxyhood.

DISCUSSION

The use of heliox in airway obstruction was first
described by Barach I in 1934. Its use was limited by
military demand during World War II, and it never
gained widespread use.9,10 Heliox is available com­
mercially in concentrations of 70% to 80% helium
combined with 20% or 30% oxygen. Additional oxy­
gen can be added from a separate source. However,
as the concentration of helium is decreased, it may
lose its advantageous properties. I I It can be deliv­
ered through a non-rebreather face mask or a contin­
uous positive airway pressure mask, or via an oxy­
hood (Fig 3).

Heliox has been used in multiple clinical settings.
The literature includes case reports of its use in res­
piratory distress syndrome, postextubation stridor,
asthma, chronic obstructive pulmonary disease, croup,
bronchiolitis, and primary airway tumors.4,5,12-16 It
has also been used to facilitate ventilation during flex­
ible bronchoscopy, in cases in which the broncho­
scope is close to the diameter of the endotracheal
tube it is inserted through.l? Interestingly, despite its
particular applicability to upper airway obstruction,
an extensive literature search revealed no case re­
ports in the otolaryngology literature.
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Heliox has multiple advantages over room air and
oxygen. It decreases the resistance to airflow, con­
verts turbulent flow to laminar flow, increases the
diffusion of carbon dioxide, decreases the work of
breathing, and ultimately may obviate the need for
intubation.>? These advantages are derived from the
fact that helium has a density one seventh that of
nitrogen, and heliox has a density one third that of
room air.

As previously stated, heliox converts turbulent
flow to laminar flow. It takes substantially less pres­
sure to drive a gas under conditions of laminar flow
than it does under turbulent flow. Whether flow will
be turbulent or laminar is determined by Reynolds'
number. Reynolds' number is calculated from the for­
mula Re =2rvd/ll where Re =Reynolds' number, r =
radius, v = velocity, d = density, and II = viscosity.
Reynolds' numbers of less than 2,000 are associated
with laminar flow. Gases with lower densities will
have a lower Reynolds' number and will be more
likely to course through the airway under conditions
of laminar flow.

In cases in which flow remains turbulent, heliox
continues to have a beneficial role in decreasing re­
sistance. During conditions of turbulent flow, the
driving pressure is directly proportional to the den­
sity of the gas and inversely proportional to the fifth
power of the radius. Although resistance during tur­
bulent flow varies depending on the rate of flow, it is
directly related to the density of the gas. Experiments
that have examined the decrease in resistance to flow
of heliox relative to room air report a 20% to 40%
reduction in resistance, depending on the respiratory
rate and the disease process in question.3,6,7

Heliox also increases the diffusion of carbon di­
oxide. Carbon dioxide diffuses 4 to 5 times faster in
heliox than in room air.18In patients with hypercarbic
respiratory failure, this offers a significant advan­
tage. The decrease in the partial pressure of carbon
dioxide may be associated with an improvement in
respiratory acidosis, a quality that has also been as­
cribed to heliox. 17-20

Heliox has also been found to decrease the work
of breathing. In 1983, Skrinskas et al" determined
that breathing heliox at a respiratory rate of between

24 and 36 breaths per minute was associated with a
31% to 36% decrease in the work of breathing. This
decreased work of breathing also results in decreased
carbon dioxide production and oxygen consumption.>
In pediatric patients, the trachea is particularly pli­
able. The decreased intrathoracic pressures gener­
ated during heliox use may be associated with de­
creased tracheal collapse and less dynamic narrow­
ing of the airway. 15

Ultimately, heliox may obviate the need for intu­
bation. In 4 of the patients in our series, intubation
trauma was the primary cause of the airway distress.
In 3 additional patients, it may have been a contrib­
uting factor in the increase in subglottic inflamma­
tion. Intubation may also lead to further mucosal is­
chemia, injury, scar, and subglottic stenosis.f In this
study, 10 of the 14 patients did not require intuba­
tion after the institution of heliox therapy. Of the 4
remaining patients, 2 were subsequently extubated
with the help of heliox. Of the 4 patients in whom
heliox therapy initially failed, 3 had significant un­
derlying subglottic stenosis. The 2 patients in whom
subsequent extubation attempts failed had tongue
base obstruction, which contributed to their airway
distress.

Heliox is an inert gas that is near-insoluble in tis­
sue and is nonreactive with biological membranes.
As a result, there are few complications reported in
the literature. In our series of 14 patients, there were
no observed side effects. Two reported side effects
are hypothermia and hypoxemia.tt-" The hypother­
mia relates to the thermal conductivity of helium,
which is 4 to 6 times greater than that of nitrogen. 10

Warming of the inspired gas mixture should prevent
this potential complication from occurring. Hypox­
emia may be related to the diminishing benefit of he­
liox as the oxygen content is increased and the he­
lium content is decreased. I I

CONCLUSIONS

Heliox may be an important adjunct to the medi­
cal treatment of upper airway obstruction. It may
serve as a temporizing agent to allow for the natural
resolution of the disease process. The use of heliox
should be considered selectively in children with sub­
glottic inflammation and respiratory distress.
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