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Abstract

Use of helium-oxygen (He/O,) mixtures in critically ill patients is
supported by a reliable and well understood theoretical rationale
and by numerous experimental observations. Breathing He/O, can
benefit critically ill patients with severe respiratory compromise
mainly by reducing airway resistance in obstructive syndromes
such as acute asthma and decompensated chronic obstructive
pulmonary disease. However, the benefit from He/O, in terms of
respiratory mechanics diminishes rapidly with increasing oxygen
concentration in the gaseous mixture. Safe use of He/O, in the
intensive care unit requires specific equipment and supervision by
adequately experienced personnel. The available clinical data on
inhaled He/O, mixtures are insufficient to prove that this therapy
has benefit with respect to outcome variables. For these reasons,
He/O, is not currently a standard of care in critically ill patients
with acute obstructive syndromes, apart from in some, well defined
situations. lts role in critically ill patients must be more precisely
defined if we are to identify those patients who could benefit from
this therapeutic approach.

Introduction

Use of helium-oxygen (He/O,) mixtures in clinical practice is
not a new concept. Before the advent of bronchodilatators,
Barach [1,2], in the early 1930s, advocated use of helium
because of its respiratory benefits, particularly with respect to
obstructive syndromes. Following a brief primer of the basic
theory supporting use of He/O, mixtures, this short review
details its potential indications in critically ill patients, technical
aspects, and costs associated with its administration.

Theoretical considerations

Helium is an odourless, colourless and biologically inert gas.
Clinically, it is only its physical properties that are interesting
and may be exploited. Helium is less dense but more viscous
than air, oxygen, or nitrogen. Helium also has a high thermal
conductivity [3,4]. Its physical properties relative to those of
air, nitrogen and oxygen are summarized in the Table 1.

The physical properties of a gaseous mixture containing
helium depend on the concentration of helium in the mixture.
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Because the density of helium is almost an order of
magnitude less than that of oxygen or nitrogen, He/O,
mixtures are always less dense than nitrogen-oxygen mixtures
(Figure 1). He/O, mixtures are also more viscous than
nitrogen-oxygen mixtures, but this effect is less pronounced
than that for density. Similar observations can be made with
respect to thermal conductivity.

Consonant with the physical properties of helium, inhaling
He/O, will influence respiratory mechanics by altering gas
convection in the airways. Gas enters the alveoli because of
modification to the transpulmonary pressure gradient, which
permits gas convection in the airways and renews the
alveolar gas. Gas convection is highly dependent on airway
resistances. The resistances of the airways mainly result from
their anatomical configuration (diameter, number of connec-
tions and length), the physical properties of the inhaled gas
and the flow rate. Human airways can be compared with
pipes in which several types of flow patterns can be distin-
guished: laminar, turbulent and rough [3-5]. The crossing
from one flow type to another is not instantaneous but rather
occurs progressively. The flow that occurs between two flow
types is referred to as ‘transitional’ [3,4]. The flow type can be
predicted based on the Reynolds number (R) [3]. This
number, without physical dimension, corresponds to the ratio
of the inertial forces to the viscous forces, and it is caculated
as follows:

2Vp

Ty

Where V is flow (ml/s), p is the gas density (g/l), r is the pipe
radius (cm), and p the gas viscosity (micropoises). A
Reynolds number under about 2000 suggests a laminar type
of flow, and a Reynolds number above 4000 suggests
turbulent flow. Under physiological conditions the flow type in
the upper airways is not laminar but is at best transitional and

COPD = chronic obstructive pulmonary disease; FEV, = forced expiratory volume in 1 s; He/O, = helium-oxygen; ICU = intensive care unit; NIPPV =
noninvasive positive pressure ventilation; PEEPi = intrinsic positive end-expiratory pressure; WOB = work of breathing.
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Table 1 Figure 1
Physical properties of helium, nitrogen, oxygen and air at 20°c 15 -
and 765 mmHg atmospheric pressure ’ tesssssesses
. .00...0..-.-l“"'."..'..-
121 ssesnssssd 1
Density Viscosity ~ Thermal conductivity ’ -
(p; g/ (u; micropoises)  (K; ucal/s/°K) - Air
()]
Helium 0.1785 188.7 352 ~ 097
Oxygen 1.251 167.4 58 %
c 0.6 1
Nitrogen 1.429 192.6 58.5 S
Air 1.293 170.8 58 = Helium -Oxygen
0.3 4 Heliox 78-22 eeeee Nitrogen-Oxygen
_ 0.0 . T T r "
may even be turbulent. As the gas approaches the alveoli the 0.0 0.2 0.4 0.6 0.8 1.0

flow becomes increasingly laminar because of the decreased
gas flow.

The pressure necessary to generate a gas flow in pipes
depends on the flow rate and on the flow type. If the flow type
is laminar, then the relationship between pressure and flow
may be defined as follows:

8IVu
AP =

4

This is the classic Hagen-Poiseuille law. It shows that the
pressure necessary to generate a given gas flow is
proportional to the flow (V), the length of the pipe (I) and the
gas viscosity (1), and is inversely proportional to the radius (r)
of the pipe to the power of four. Note that the loss of charge
is proportional to the viscosity but not the gas density in the
case of a laminar type flow [3,4]. The term 8lu/nr* represents
the resistance to gas flow for a laminar-type flow. In case of
transitional or turbulent flow, the flow resistance becomes
dependent on the density of the gas (p) [3,4], as indicated by
the following general equation developed by Wood and
coworkers [6], which describes the pressure-flow relationship
throughout the airway system:

AP = K\'/pVLQ‘é‘pa‘1

In this equation, K is a constant and the value of a varies
between 1 and 2 as Reynold’'s number increases from very
low to very high values. This equation allows for continuous
modifications to flow type along the tracheobronchial tree [6].
Based on these equations, breathing He/O, decreases the
Reynolds number and favours laminar-type flow. Laminar flow
is associated with lower resistance. In the case of turbulent-
type flow, the use of He/O, reduces resistance to flow.

In the clinic, breathing He/O, can decrease the pulmonary
resistance during inspiration and expiration. This decrease
reduces the respiratory resistive work of breathing (WOB)
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Fio2

Density of He/O, versus nitrogen-oxygen mixture at 20°C and
765 mmHg atmospheric pressure. One can observe that the two
densities are quite different and increase progressively with Fio,,
especially in the case of helium-oxygen mixtures. Fio,, fractional
inspired oxygen; He/O,, helium-oxygen mixture.

and the energy cost of ventilation. Indications thus far
identified for use of He/O, mixtures are obstructive syn-
dromes. Finally, He/O, mixtures improve gaseous convection
[4] in the case of obstructive syndromes, and so they can be
used to improve aerosol delivery.

Clinical indications

Upper airway obstruction

In the 1930s, Barach [1,2] used He/O, in the context of acute
obstruction of the upper airways. For some time thereafter
authors advocated use of He/O, to manage paediatric
laryngitis or obstruction of the upper airways by tumours. Some
reports showed spectacular clinical improvement in some
patients [7-14]. In a randomized, prospective trial conducted in
children, Weber and coworkers [15] demonstrated benefit
from from use of He/O, to manage acute laryngitis. In patients
with moderate to severe croup, He/O, administration resulted
in improvements in croup score similar to those in patients
given racemic adrenaline (epinephrine).

In such situations, if the obstruction of the upper airways is
quickly reversible either medically or surgically, then use of
He/O, as a symptomatic treatment is justified; it can be used
as a therapeutic bridge until definitive treatment takes effect.
At present this is probably one of the best indications for
He/O,, with the important caveat that one should be careful
not to misinterpret the ensuing improvement as reflecting an
improvement in the underlying process. This indication for
He/O, has never undergone rigorous investigation in a large
randomized trial because of the considerable heterogeneity in
patients and technical problems.



Status asthmaticus

The vast majority of patients with acute asthma are success-
fully treated with routine therapy based on B,-agonists and
corticosteroids. Some patients fail to respond to conventional
therapy and may require intubation or even mechanical
ventilation, which is associated with increased morbidity
under these circumstances. Some case studies have sugges-
ted that a small subgroup of patients with status asthmaticus
may benefit from breathing He/O, until definitive therapies
take hold [16-20]. Effectively, He/O, has a potential benefit in
reducing airway resistance, and consequently respiratory
burden, by reducing dyspnoea and respiratory rate with spon-
taneous ventilation; in improving aerosol delivery (see below);
and in reducing the insufflation pressure and the pheno-
menon of dynamic hyperinflation during mechanical ventilation.

Ten patients with status asthmaticus and respiratory acidosis
or combined respiratory and metabolic acidosis were treated
by Shiue and Gluck [21] with He/O,, in addition to usual
bronchodilator therapy and corticosteroids. A significant
reversal ini acidosis was noted within the first 20 min and no
patient required subsequent intubation. The He/O, treatment
was started after the aerosolized and subcutaneous broncho-
dilators but before intravenous corticosteroids and amino-
phylline had achieved their peak effects. There were no un-
toward reactions, and most of the patients sensed an imme-
diate reduction in their dyspnoea with the onset of He/O,
therapy. Shiue and Gluck concluded that He/O, may be a
useful adjunct to the usual medications employed in the
treatment of status asthmaticus, and may allow some patients
to avoid intubation and mechanical ventilation. In 2003,
Sattonnet and coworkers [22] included 203 patients with
severe asthmatic crisis in a multicentre, randomized study.
They found that early administration of He/O, in association
with inhaled B,-agonist therapy reduced the intubation rate
and length of stay in the intensive care unit (ICU). This study
has been published only in abstract form.

In 2003, Rodrigo and coworkers [23] conducted a meta-
analysis including seven prospective controlled studies: six
involving adults and one including children only. This meta-
analysis included a total of 392 patients, and the main
outcome variable was spirometric measurements (peak
expiratory flow rate or forced expiratory volume in 1 s [FEV,]).
Those investigators found that use of heliox (He/O,) to treat
asthma crises did not improve respiratory function, and the
existing evidence does not support administration of He/O,
to patients with moderate-to-severe acute asthma in the
emergency department. However, as mentioned by Rodrigo
and coworkers, these conclusions are based on between
group comparisons and small studies. Moreover, the seven
studies were heterogeneous in a number of areas, including
technique used to administer helium; concentration of helium
administered; severity of illness; dosage of bronchodilator
administered; the method used to measure FEV,; and the
correction applied to FEV, to account for the use of He/O,
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(without which FEV, measurement is known to be imprecise).
For these reasons, the findings of the meta-analysis should
be interpreted with caution.

Kass [24] suggested that use of heliox should be reserved for
the unstable asthmatic patient who does not quickly respond
to inhaled B,-agonist therapy and who has any of the
following characteristics: severe airflow obstruction (peak
expiratory flow rate <30% predicted) and an acute exacer-
bation of symptoms (over a period of under 24 hours but no
longer than 72 hours); history of labile asthma and/or
previous tracheal intubation for asthma; and failure of a
mechanical ventilator to achieve adequate ventilation.

Acute respiratory failure in chronic obstructive
pulmonary disease

In the setting of acute respiratory failure, patients with chronic
obstructive pulmonary disease (COPD) are at considerable
risk for respiratory distress because of the huge ventilatory
burden resulting from high respiratory resistance. The increase
in respiratory WOB can lead to failure of the respiratory
muscles and require management with invasive mechanical
ventilation. Once intubated, these patients need prolonged
mechanical ventilation.

He/O,, by reducing respiratory resistance, is a potential but
controversial therapeutic tool in such patients, and could
confer the following benefits. First, He/O, reduces the
burden imposed on respiratory muscles during spontaneous
ventilation and can buy time until other treatments exert their
beneficial effects. Second, He/O, improves the efficiency of
and optimizes results with noninvasive positive pressure
ventilation (NIPPV), and so it reduces the burden imposed on
the respiratory muscles; it also improves tolerance to NIPPV
by allowing better synchronization to be acheived between
patient and ventilator. Achieving an optimal patient-ventilator
interaction is probably key to the success of noninvasive
ventilation during decompensated COPD. Finally, He/O,
reduces the impact of the dynamic hyperinflation pheno-
menon by increasing expiratory flow. Dynamic hyperinflation
contributes to increased alveolar pressure and results in high
levels of intrinsic positive end-expiratory pressure (PEEPI),
which also increases the WOB and can have deleterious
haemodynamic effects.

In addition to the potential benefits of He/O, during
spontaneous ventilation and NIPPV, its use to wean patients
from mechanical ventilation is also an interesting potential
application.

Decompensated chronic obstructive pulmonary disease under
spontaneous ventilation

Several impressive case reports have been published on the
use of heliox in patients with decompensated COPD who are
ventilating spontaneously [25,26], but there is just one
reported study on use of He/O, in such patients [27]. This
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retrospective study was conducted in 81 patients with
decompensated COPD who underwent management in the
emergency department; 42 patients received air-oxygen and
39 received He/O, in the emergency ward and during their
hospitalization. The two patient groups had similar clinical and
therapeutic characteristics. The intubation and mortality rates
were significantly lower in the He/O, group than in the air-
oxygen group (intubation: 50% versus 8%, P=0.01; mortality:
24% versus 1%, P=0.01). These spectacular results must be
considered with caution because of weak methodology
resulting from the retrospective nature of the study.

Decompensated chronic obstructive pulmonary disease under
noninvasive positive pressure ventilation

For past 10years it has become the standard of care to
manage patients with decompensated COPD using NIPPV.
Many authors have demonstrated that NIPPV tends to reduce
intubation rate, morbidity, mortality and length of stay in the
ICU during acute respiratory failure in patients with COPD
[28,29]. As mentioned above, in this setting He/O, can
enhance the benefits of NIPPV.

Jolliet and coworkers [30] were the first to conduct a
randomized prospective trial of He/O, during NIPPV in 20
patients with decompensated COPD. Those investigators
found that He/O, improves respiratory comfort, reduces the
sensation of dyspnoea and decreases arterial carbon dixoide
tension. Jaber and colleagues [31] conducted a pathophysio-
logical study in 10 COPD patients suffering an exacerbation.
They found that He/O, can reduce the WOB and the
pressure-time index in COPD patients receiving NIPPV under
pressure support mode.

In a later randomized, prospective, multicentre study, Jolliet
and coworkers [32] evaluated the effect of He/O, on
outcomes in patients with decompensated COPD. A total of
123 patients were included in the study and randomly
assigned to either an air-oxygen group (n==64) or a HeO,
group (n=159). The intubation rate was lower in the He/O,
group than in the air-oxygen group (13% versus 20%), but
this difference was not statistically significant. Length of stay
in the ICU was similar between the two groups (5.1 = 4 days
in the He/O, group versus 6.2 £5.6 days in the air-oxygen
group). The duration of post-ICU hospital stay was shorter in
the He/O, than in the air-oxygen group (13 % 6 days in the
He/O, group versus 19+ 12 days in the air-oxygen group;
P<0.002).

The most recent randomized, prospective, multicentre clinical
trial is that conducted by Maggiore and coworkers [33]. The
aim of this multicentre randomized trial was to determine
whether the NIPPV failure rate can be reduced with He/O, in
comparison with air-oxygen in COPD patients suffering an
acute exacerbation. The main efficacy criterion was need for
endotracheal intubation at 28 days. A total of 204 patients
with decompensated COPD were included in the study, but

Page 4 of 8

(page number not for citation purposes)

only 195 patients were analyzed on an intention-to-treat
basis. The intubation rates were 20.8% in the He/O, group
(n=96) and 30.3% in the air-oxygen group (n=99), but the
difference was not statistically significant. Differences
between groups in duration of NIPPV and death rate were
not statistically significant. This study has not yet been
published in full.

Interpretation of these two multicentre studies [32,33] is
difficult largely because they are underpowered, but also
because it is not possible to achieve blinding in a study of
NIPPV combined with He/O, inhalation because of
modification to the patient's voice (squeaky or ‘Donald Duck’
voice resulting from inhalation of He/O,). It is evident that
He/O, can improve respiratory comfort in the setting of
decompensated COPD under NIPPV, and so He/O, may be
used instead of air-oxygen in order to enhance patient
comfort during NIPPV.

Chronic obstructive pulmonary disease under mechanical
ventilation

PEEPi occurs as a consequence of the dynamic hyper-
inflation phenomenon. It is frequently observed during
mechanical ventilation in COPD patients [34,35]. He/O,
could be used during mechanical ventilation in COPD
patients to decrease levels of PEEPi. Three studies have
attested to the efficiency of He/O, in this setting.

First, in 23 decompensated, sedated and mechanically
ventilated COPD patients, Tassaux and coworkers [36]
demonstrated that He/O, significantly reduced trapped
volume and PEEPi (trapped volume: 215+ 125 ml versus
99 + 15 ml; PEEPi: 9 £ 2.5 cmH,O versus 5+ 2.7 cmH,O:
P<0.05 for both comparisons). These effects disappeared
rapidly when He/O, was interrupted.

A second, similar study conducted by Gainnier and
colleagues [37] corroborated these findings in a similar
number of mechanically ventilated COPD patients. In this
study the ventilator WOB was also measured, and all of its
components were found to decrease with He/O, use: total
WOB decreased from 2.34+£1.04J/1 to 1.85%1.01J/
(P<0.001), elastc WOB from 1.02+0.61J/ to
0.87+0.47J/I (P<0.01), WOB due to PEEPi from
0.77 £0.38J/l to 0.54 £0.38J/I (P<0.001), and resistive
WOB from 0.55 + 0.19 J/ to 0.44 £ 0.24 J/1 (P< 0.05).

In the third study, Lee and coworkers [38] evaluated 25
consecutive mechanically ventilated patients with COPD and
acute respiratory failure who had systolic pressure variations
greater than 15 mmHg. Compared with air-oxygen, He/O,
ventilation decreased PEEPi (13*4cmH,O versus
5+ 2 cmH,O; P<0.05), trapped lung volume (362 £ 67 ml
versus 174 86 ml; P<0.05), and respiratory changes in
systolic pressure variation (29 5% versus 13 7%);
P<0.05). The authors concluded that He/O, may be a



useful adjunct in patients with severe COPD during acute
respiratory failure who exhibit PEEPi-induced haemodynamic
changes. Currently, the likelihood of high PEEPi levels are
marginal if the recommended ventilatory settings are applied
in such patients (low frequency, low tidal volume, and
inspiratory:expiratory ratio >1:4). In the case of conventional
mechanical ventilation, our policy restricts the use of He/O,
in COPD to just those patients with high levels of PEEPi with
haemodynamic or respiratory consequences despite
adequate ventilator settings.

During weaning from mechanical ventilation, Diehl and
coworkers [39] demonstrated in 13 patients that use of
He/O, reduced the respiratory WOB and PEEPi during the
weaning process, especially in patients with the greatest
WOB (1.442 + 0.7 versus 1.133 £ 0.500 J/I; P<0.05). This
reduction was accounted for by a reduction in the resistive
component of the WOB. These findings are similar to those
reported by Jaber and colleagues [40]. They observed 18
non-COPD patients after extubation and found that He/O,
reduced the transdiaphragmatic pressure-time index and
improved respiratory comfort. Those authors concluded that
He/O, could be used during the postextubation period in
association with NIPPV, especially if upper obstruction is the
main cause of acute respiratory failure, in order to avoid
reintubation. More recently, Tassaux and coworkers [41]
showed that He/O, reduces PEEPI, the number of ineffective
breaths, the magnitude of inspiratory effort and the WOB in
intubated COPD patients. This could be useful during
weaning from mechanical ventilation.

Despite all of these findings, the use of He/O, remains
controversial in patients with decompensated COPD
because of the low level of evidence supporting its use.

Aerosol delivery

He/O, has the potential benefit of allowing aerosols to be
carried deeper into the distal airways during severe airway
obstruction than is possible with air or oxygen. The mecha-
nisms underlying the improved aerosol delivery with He/O,
are as follows [42]: He/O, allows greater flow through the
airways; it ameliorates the reduction in flow speed in the most
obstructed regions of the respiratory system; it prevents
transition from laminar to turbulent flow, which can affect
aerosol deposition; it favours higher minute ventilation, which
may enhance aerosol delivery to the distal airways; and, finally,
it reduces particle impaction within the delivery system.

In 1998, Anderson and coworkers [43] evaluated aerosol
delivery in 10 asthmatic patients using an inhaled radio-
nuclide aerosol with He/O,, as the driving gas, and found that
particle deposition in the airways was improved. These
findings were corroborated by Goode and coworkers [44] in
the setting of mechanical ventilation. These investigators,
using an in vitro model of mechanical ventilation, observed an
improvement in aerosol deposition in the distal airways when
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He/O, was used as the driving gas at various various inspired
fractions of helium. The improvement was similar whatever
aerosol technique was used (metered dose inhalers or jet
nebulizers). It is important to note that it was necessary to
operate the jet nebulizer at a flow rate of 15 |/min (for an
various inspired fraction of helium at 70%) to obtain aerosol
delivery equivalent to that obtained with pure oxygen at a flow
rate of 6 I/min. Diagrams with conversion factors are available
that allow the operating flow rate to be set at a level
appropriate for use of He/O, with jet nebulizers [45]. This is
important because use of an inadequate operating flow with
He/O, prevents aerosolization of drug particles [44].

He/O, has been evaluated for use as the driving gas for
nebulizing B,-agonists in the setting of asthma crisis
[22,46-52] and in COPD exacerbations [53]. There were
some discrepancies between the findings of these studies
because of differences in methods employed, severity of
illness, aerosol delivery technique and duration of therapy
[42]. The use of He/O, in such circumstances probably
requires the use of specific devices that can exploit the
properties of He/O, during nebulization. The use of a large
volume nebulizer and reservoir may also be important when
using He/O, to deliver aerosol drugs, particularly in teen-
agers and adults, who may have minute ventilation require-
ments that exceed the output rate of small volume nebulizers
[64]. Corcoran and Gamard [45] stressed that the use of
He/O, for nebulization requires a large volume nebulizer and
reservoir to prevent entrainment of room air.

Cost and technical problems with the use of
helium-oxygen mixtures

Equipment and costs

He/QO, is provided in tanks of various sizes. Tanks containing
50 | are most frequently used. They contain 78% helium and
22% oxygen, and are pressurized at approximately 200 bars.
Some manufacturers provide a mixture that includes less
helium (70% helium and 30% oxygen). The 50| tank (78%
helium/22% oxygen) costs approximately 200 euros. Air
regulators can be screwed onto the tank and then connected
to the ventilator or flow meter using the appropriate
connectors. However, He/O, regulators and flow meters are
commercially available and should be used when possible. It
is difficult to estimate the daily consumption of a patient
because of heterogeneity in the conditions of use (spon-
taneous or mechanical ventilation), ventilator settings (in the
setting of mechanical ventilation) and duration of use. In our
experience in the setting of continuous use, daily consump-
tion and cost vary between one and three tanks and from 200
to 600 euros, respectively. Based on the only available study
in which a cost evaluation was done, that conducted by Jolliet
and coworkers [32], the daily cost of He/O, use amounted to
US$69 + 46 in the setting of discontinuous use during
NIPPV. In that study, because of the reduced length of stay of
decompensated COPD patients in the ICU with He/O, use,
total hospitalization costs were reduced by US$3348 per
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patient with He/O,. However, the findings of that study reflect
the practice of short discontinuous trials of NIPPV, as were
used in the participating centres, and so more prolonged use
of He/O, will incur greater costs.

Technical problems with mechanical ventilators

Only gaseous He/O, with fractional inspired oxygen similar to
that in air may be used clinically; this avoids any risk that a
gas without sufficient oxygen will be administered. The
physical properties of helium can interfere with mechanical
ventilator functions such as gas mixing, inspiratory and
expiratory valve accuracy, flow measurement, volume delivery,
triggering and automatic leakage compensation. This has
been evaluated in several reports of ventilator functioning
with He/O,, in the ICU [565-58].

The ventilator currently marketed that permits safe use of
He/O, for both invasive and noninvasive ventilation is the
Avea™ ventilator (VIASYS Health Care, Conshohocken,
Pennsylvania, USA). This ventilator can deliver He/O,
appropriately by changing a connector on the back panel. All
volumes are automatically compensated with He/O,. Perino
and coworkers [59] evaluated this ventilator in different
modes in a lung model. They concluded that volume delivery
is clinically acceptable with this ventilator. Ventilators
designed specifically for NIPPV such as BiPAPVision™
Respironics, Pitsburgh, Pennsylvania, USA) are not accurate
with He/O, [60]. GE Healthcare recently developed the
Aptaér™ heliox delivery system (GE Healthcare, Madison,
Wisconsin, USA). The sole ventilatory mode available on this
ventilator is the pressure support mode. It incorporates the
Aeroneb™ Professional Nebulizer System (Aerogen Pro,
Nektar Therapeutics, Moutain View, California, USA). The
Aeroneb™ Professional Nebulizer System is an aerosol
generator that creates a fine droplet, low velocity aerosol of
specific particle size, with very low residual volume.
Operation of the aerosol generator is independent of gas
density or flow rate [61]. Little has been published on the
performance of this device.

Finally, helium have a high thermal conductivity
(852 pcal/cm/s/°K). This physical property explains why
helium affects the hotwire flow sensors used in some
ventilators. Humidification and warming of helium may cause
problems, particularly during mechanical ventilation. To our
knowledge there are no studies addressing this problem in
the literature. The ideal technique for conditioning He/O,
(heated humidifier or heat-moisture exchanger) is not known.
We use a heated humidifier. Less heat is lost during
breathing because the thermal capacity of He/O, is less than
that of the same volume of air. If He/O,, is administered via a
face mask, then the face may feel cool [62].

Hypothermia has been associated with hood administration
of He/O, to infants with bronchiolitis. Heat loss occurs if the
body is surrounded by He/O, rather than by air because heat
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conductance is the major factor in loss of heat from the skin
[62].

Safe use of He/O, requires specific equipment and
investment. He/O, is expensive and He/O, tanks are
relatively cumbersome for use out of a hospital. Because of
the lack of high level evidence for use of He/O, in clinical
practice, many intensive care physicians do not wish to invest
in the equipment necessary to use He/O, except in certain
centres for research purposes.

Conclusion

Reliable physical and physiological theories support the
assertion that helium can improve ventilatory function,
essentially by reducing the resistance of the airways, which is
considered the main physiopathological element of obstruc-
tive syndromes. However, the level of evidence does not
permit a formal recommendation to be made regarding the
use of He/O, in the ICU. Numerous questions remain
unanswered concerning the use of He/O, and must be
addressed. For instance, which patients may benefit from
He/O, use, in the setting of COPD or asthma? Is He/O,
useful in combination with noninvasive mechanical ventilation
or with aerosol delivery? What is the role of He/O, in
mechanically ventilated patients? Finally, what is the best
delivery system for He/O,?

Until these questions are answered, the specific role for
He/O, as a therapeutic tool in the ICU remains to be defined.
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