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ABSTRACT
Objective We assessed the safety and studied the
influence of short-term helium–oxygen (heliox)
mechanical ventilation (MV) on respiratory function, gas
exchange and oxygenation in infants with
bronchopulmonary dysplasia (BPD) or at high risk for
BPD.
Design A pilot, time-series study.
Setting Neonatal intensive care unit.
Patients Infants with severe BPD who required MV.
Interventions MV with helium–oxygen and
air–oxygen mixtures.
Main outcome measures Respiratory parameters,
acid–base balance, oxygenation and vital signs were
recorded at five time points: initially during MV with
air–oxygen, after 15 and 60 min of helium–oxygen MV,
and 15 and 60 min after return to air–oxygen MV.
Results 15 infants with BPD were enrolled. Helium–
oxygen MV was well tolerated and was associated with
a statistically significant increase in tidal volume,
dynamic compliance and peak expiratory flow rate. An
improvement in oxygenation and a decrease in fraction
of inspired oxygen was also observed. During
helium–oxygen MV there was a significant decrease in
the oxygenation index and alveolar–arterial oxygen
tension difference. The PaO2/fraction of inspired oxygen
(FiO2) ratio increased significantly during helium–oxygen
ventilation. A decrease in PaCO2 and an increase in pH
were also observed during helium–oxygen
administration, however this was not statistically
significant. After ventilation with helium–oxygen was
discontinued, the infants’ respiratory function and
oxygenation deteriorated and supplemental oxygen
requirements increased accordingly.
Conclusions Helium–oxygen MV is safe and resulted
in improvement of respiratory function and oxygenation
in infants with severe BPD requiring MV.

INTRODUCTION
Bronchopulmonary dysplasia (BPD), the most
common cause of chronic lung disease in infancy,1

remains a significant clinical problem. Despite
advances in neonatal intensive care, the most pre-
mature infants may still require mechanical ventila-
tion (MV) due to continued respiratory failure
caused by BPD associated with obstructive lesions
affecting the airway.1 2

Heliox, which is a helium–oxygen gas mixture
(eg, with a 80:20 He:O2 ratio), has been known as
an alternative respiratory therapy since 1934.3

Helium–oxygen mixtures can be ordered from dif-
ferent suppliers, and heliox is registered as a
medical gas in the UK. In cases of airway obstruc-
tion, helium–oxygen owing to its reduced density
may improve gas flow in the airways by reducing

turbulence, thus increasing oxygen and carbon
dioxide diffusion in the alveoli.4 5 Under turbulent
flow, when the airway pressure is constant, the flow
of helium–oxygen will be higher than with air–
oxygen mixtures.5 This gas mixture has been used
in adult,6 paediatric7–9 and neonatal popula-
tions.10–12 The non-invasive application of helium–

oxygen has been previously described in infants
with BPD.13 14 Its beneficial effects have also been
reported in mechanically ventilated patients.5 10

We hypothesised that due to the small diameter
of airways and increased susceptibility to obstruc-
tion,2 helium–oxygen therapy would be valuable in
infants with severe BPD requiring MV. The purpose
of our pilot study was to assess the safety and
impact of short-term helium–oxygen MV on
respiratory function, gas exchange and oxygenation
in infants with BPD or at high risk for BPD (prior
to 36 weeks adjusted age in whom severe BPD
appears inevitable).

MATERIAL AND METHODS
The study was conducted in the Neonatal Intensive
Care Unit of Poznań University of Medical
Sciences, Poland and was approved by the
University Ethics Committee. Written parental

What is already known on this topic

▸ Infants with severe bronchopulmonary
dysplasia (BPD) may require mechanical
ventilation due to respiratory failure associated
with airway obstruction.

▸ Helium–oxygen (heliox) has been successfully
used in obstructive diseases and its use in
spontaneously breathing infants with BPD was
associated with improved pulmonary function.

▸ Helium–oxygen administration has been
described in mechanically ventilated patients.

What this study adds

▸ Helium–oxygen mechanical ventilation is
feasible in infants with severe BPD.

▸ Helium–oxygen mechanical ventilation was
associated with improvement in selected
respiratory function parameters, oxygenation
and carbon dioxide elimination, with no
adverse side-effects during short-term
administration.
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consent was obtained for each infant. This study had a time-
series design and was neither randomised nor blinded.

The studied group comprised infants with symptoms typical
for severe BPD who required MV.1 2 Enrolment criteria
included supplemental oxygen therapy for ≥28 days and radio-
graphic features of severe BPD. Infants with congenital malfor-
mations or genetic syndromes were excluded from the study.

Helium–oxygen at a 80 : 20 ratio was stored in 50 L cylinders
(Respimesser; Messer, Austria). The Avea Comprehensive venti-
lator (CareFusion, USA) was used for MV. The device was
designed and approved for use with both air–oxygen and
helium–oxygen. Helium–oxygen may affect the functioning of
standard ventilators and the accuracy of standard flow sensors;
however, it is possible to apply flow correction factors.5 This
ventilator recognises the type of gas mixture and automatically
adjusts ventilator settings. In contrast to standard devices, with
the Avea ventilator it is also possible to obtain the correct meas-
urement (eg, flow and volume) with both air–oxygen and
helium–oxygen mixtures, provided that a special flow sensor has
been applied. Because of the possible increased heat loss due to
the properties of helium–oxygen, the gas mixture was humidi-
fied and heated to ensure that it was used at the correct tem-
perature (36–37°C).15

The pneumotachograph module of the Avea ventilator was
used for respiratory function measurements as the device was
designed to measure respiratory parameters while using both
helium–oxygen and air–oxygen mixtures. It has been used for
this purpose in previous studies.16 17 The ‘Extended Systems
Test’ of the ventilator (including the automatic measurement of
circuit compliance, a patient circuit leak test and a two point
calibration of the oxygen sensor) was performed before each
use and a variable orifice proximal flow sensor (VarFlex sensor;
CareFusion, USA) was attached to ensure reliable measurements
(sensor accuracy: ±0.012 L/min+5% of reading). We aimed to
perform the study with leakage below 30%. Patients were intu-
bated with un-cuffed endotracheal tubes sized according to their
weight (3.0–3.5 mm internal diameter). No infants required
re-intubation for the purposes of the study, and corticosteroids
were not used prior to or during pulmonary function testing in
the study. Measurements were recorded using Viasys Research
Tool software (Viasys Healthcare, USA) on a computer con-
nected to the ventilator.

The following respiratory parameters were analysed: expira-
tory tidal volume (VTE, mL/kg), minute ventilation (VE, L/kg),
dynamic compliance (Cdyn, mL/cm H2O) and peak expiratory
flow rate (PEFR, L/min). Recorded data included the following
ventilator settings: respiratory rate (RR), mean airway pressure
(MAP) and fraction of inspired oxygen (FiO2). Arterial blood
gas samples were used for acid–base balance and oxygenation
assessment (Cobas B 221; Roche, Germany). The oxygenation
index (OI) and alveolar–arterial oxygen tension difference
(AaDO2) were calculated. Infants’ oxygen saturation and heart
rate were monitored using a pulse oximeter (Nellcor N-295;
Covidien, USA) and skin temperature (ST) was also recorded.
Pressure controlled synchronised intermittent mandatory venti-
lation was used for all patients in the study. Both peak inspira-
tory pressure (PIP) and positive end expiratory pressure were
unchanged when gas mixtures were switched (from air–oxygen
to helium–oxygen and vice versa).

Patients were ventilated with helium–oxygen for 1 h. Initially,
recordings of the analysed parameters were made at baseline
during ventilation with air–oxygen. Recordings were also per-
formed after 15 and 60 min of helium–oxygen ventilation, and
then again 15 and 60 min after return to air–oxygen ventilation.

Statistical analysis was carried out using the Friedman test and
post-hoc Dunn’s multiple comparisons test, with p values <0.05
considered significant (GraphPad Prism software, V.5.0;
GraphPad Software, California, USA). Variables were recorded
at five timepoints and the use of special statistical methods typic-
ally employed for numerous observations in time-series studies
was not necessary. The Friedman test was chosen instead
because we analysed variables that were recorded at multiple
times during the three stages of the study.

RESULTS
Fifteen infants were enrolled and all completed the study. The
patients’ mean (±SD) gestational age was 26 weeks (±2 weeks)
and their mean birthweight was 747 g (±169 g). Infants were
between their 28th and 89th day of life (mean 42 days) at the
time of this study. All babies studied had required MV with
oxygen supplementation for at least 28 days and had radio-
graphic changes typical for BPD when they were enrolled. Some
of the studied patients were below 36 weeks postmenstrual age
(PMA) at the time of the study (range: 28–37 weeks PMA), but
all still fulfilled the diagnostic criteria for severe BPD at
36 weeks PMA. Infants had been ventilated for 28–70 days
prior to treatment with helium–oxygen. At the time of recruit-
ment, all infants required FiO2>0.4 (mean±SD 0.54±0.15),
with MAP of 9 cm H2O (mean, ±3.16 cm H2O) and RR of 35/
min (mean, ±12/min). Two of the patients were previously diag-
nosed with persistent pulmonary hypertension of the newborn,
but none had required treatment with inhaled nitric oxide prior
to the study. Haemodynamically significant ductus arteriosus
was not diagnosed in any of the studied patients at the time of
the study; however, six infants were evaluated after previous
ligation of ductus arteriosus. Five infants had required previous
treatment with antibiotics due to early sepsis and an additional
five infants had been treated for pneumonia.

Helium–oxygen MV was safe and well tolerated by the
studied infants. Their clinical condition was stable throughout
the study with no statistically significant differences in ST, heart
rate or mean arterial pressure. There were no significant
changes in MAP or RR associated with changes in gas mixtures
used for MV.

A statistically significant increase in VTE was found after MV
with helium–oxygen was started (mean 5.25±1.46 mL/kg at
baseline vs 6.87±2.82 and 7.06±3.06 mL/kg after 15 and
60 min of helium–oxygen; p<0.05). Termination of helium–

oxygen therapy was associated with a significant decrease in VTE

(mean 7.06±3.06 mL/kg after 60 min of helium–oxygen vs 5.53
±2.1 and 5.34±1.7 mL/kg after 15 and 60 min when switched
back to air–oxygen; p<0.05) (figure 1).

Similar changes were observed for VE. After helium–oxygen
was initiated, we observed an increase in VE; however, this was
not statistically significant. A decrease in VE after helium–

oxygen was discontinued was found to be significant (mean
0.26±0.11 L/kg after 60 min of helium–oxygen vs 0.20±0.08
and 0.19±0.09 L/kg after 15 and 60 min following helium–

oxygen discontinuation; p<0.05) (figure 1). Cdyn values
increased significantly after helium–oxygen ventilation was
started (mean 0.50±0.16 mL/cm H2O at baseline vs 0.65±0.19
and 0.68±0.22 mL/cm H2O after 15 and 60 min of helium–

oxygen ventilation; p<0.05). Cdyn significantly decreased after
helium–oxygen ventilation was stopped (mean 0.68±0.22 mL/
cm H2O after 60 min of helium–oxygen vs 0.55±0.18 and 0.51
±0.17 mL/cm H2O after 15 and 60 min on air–oxygen ventila-
tion; p<0.05) (figure 1). Helium–oxygen ventilation was also
associated with a significant increase in PEFR (mean 2.92

F2 Szczapa T, et al. Arch Dis Child Fetal Neonatal Ed 2013;0:F1–F6. doi:10.1136/archdischild-2013-303988

Original article

 group.bmj.com on November 16, 2013 - Published by fn.bmj.comDownloaded from 

http://fn.bmj.com/
http://fn.bmj.com/
http://group.bmj.com/
http://group.bmj.com/


±0.61 L/min at baseline vs 3.60±0.92 and 3.65±0.94 L/min
after 15 and 60 min of helium–oxygen; p<0.05). An opposite
effect was observed after helium–oxygen administration was
stopped (mean 3.65±0.94 vs 3.1±0.59 and 2.97±0.58 L/min
after 15 and 60 min following helium–oxygen discontinuation)
(figure 1).

A decrease in PaCO2, associated with an increase in pH, was
observed during helium–oxygen ventilation, but these changes
were not statistically significant (figure 2). There was a signifi-
cant decrease in pH after the switch back to air–oxygen (mean
7.41±0.11 and 7.38±0.07 after 15 and 60 min of helium–

oxygen vs 7.33±0.07 after return to air–oxygen; p<0.05).
After helium–oxygen ventilation was started, it was possible

to significantly reduce FiO2 (mean 0.54±0.14 at baseline vs
0.27±0.06 after 60 min of helium–oxygen; p<0.05), but the
switch back to air–oxygen was associated with a statistically sig-
nificant increase in FiO2 (mean 0.27±0.06 after 60 min of
helium–oxygen vs 0.38±0.09 after 60 min of air–oxygen venti-
lation; p<0.05). A similar trend was observed for OI (mean
8.31±2.78 at baseline vs 5.18±1.61 and 3.06±1.21 after 15
and 60 min of helium–oxygen ventilation, and vs 5.97±2.75
60 min after return to air–oxygen; p<0.05) and AaDO2 (mean
261.90±98.65 at baseline vs 64.41±53.66 mm Hg after 60 min
of helium–oxygen, and vs 154.60±77.09 after 60 min of air–
oxygen ventilation; p<0.05) (figure 3). The PaO2/FiO2 ratio

increased during helium–oxygen administration (mean 102.30
±26.30 at baseline vs 161.20±52.24 and 262.6±92.45 after 15
and 60 min of helium–oxygen; p<0.05) but was decreased after
the helium–oxygen therapy was discontinued (mean 262.60
±92.45 after 60 min of helium–oxygen vs 144.60±60.55 after
return to air–oxygen; p<0.05) (figure 3). All of above-
mentioned changes in oxygenation parameters were statistically
significant.

DISCUSSION
MV with helium–oxygen was found to be feasible and could be
used without complications in infants with severe BPD. Our
observations regarding safety were limited to basic vital signs
and clinical symptoms. However, helium–oxygen effects on
growth and development were positively assessed in a longer
term (14 days) safety study on rabbit pups.18 The safety of
helium–oxygen administration may depend on the equipment
used.15 19 Infants with BPD appeared to tolerate helium–oxygen
ventilation well in accordance with observations made by
Wolfson et al.13 However, de Gamarra et al14 and Butt et al20

reported poor tolerance of helium–oxygen in BPD patients,
with changes in behaviour, a decrease in ST and hypoxia. These
effects were not observed by Wolfson et al or during our study.
The reasons for the changes in behaviour are unclear, while the
decrease in ST may have been associated with the high thermal

Figure 1 Respiratory parameters during the study (mean values±SD). Values were recorded at baseline (0 min on the time scale), after 15 and
60 min of helium–oxygen ventilation, and 15 and 60 min after the therapy was discontinued (75 and 120 min on the time scale). Differences
between recorded values which were statistically significant are described in the text. The shadowed area represents the period of time during which
patients were ventilated with helium–oxygen. Cdyn, dynamic compliance; PEFR, peak expiratory flow rate; VE, minute ventilation; VTE, expiratory tidal
volume.
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conductivity of helium,14 highlighting the importance of
adequately monitoring the temperature of the gas.

Another possibly crucial factor regarding the hypoxia
described by de Gamarra et al was that infants were not pro-
vided with any additional ventilatory support apart from
helium–oxygen that was administered inside a plexiglass
chamber.14 Wolfson et al13 used a facemask for helium–oxygen
administration, while our study patients were intubated and
mechanically ventilated. It was hypothesised that helium–

oxygen provided without positive pressure support may lead to
a reduction in pulmonary volumes.14 Contrary to the observa-
tions of de Gamarra et al, in our study helium–oxygen ventila-
tion was associated with improved oxygenation. Similar effects
were described previously in adult, paediatric and neonatal
patients with respiratory problems of various origins.10 16 21

MV with helium–oxygen permitted the use of lower FiO2, as
documented in piglets and in newborns with respiratory distress
syndrome (RDS).10 22 This effect of helium–oxygen, possibly
associated with enhanced gas mixing in the alveoli and better
diffusion,1 12 13 could make it specifically valuable for preterm
babies requiring ventilatory support because of a reduction in
the potential toxic effects of oxygen on the lung.2 10 22

Helium–oxygen reduces turbulent flow and improves the dis-
tribution of ventilation, which could be particularly beneficial
considering the heterogeneity of lung inflation and thus function

in BPD infants.2 10 These mechanisms could also explain the
non-significant decrease in PaCO2 values that was previously
observed during helium–oxygen ventilation.9 12 23 24 This may
be of clinical importance since problems with oxygenation and
CO2 retention are typical in BPD patients.2 The improvement in
gas exchange may also be related to the observed increase in
VTE and VE while on helium–oxygen.16 25 VTE increased with
helium–oxygen ventilation because it is possible to deliver equal
gas volumes using a lower driving pressure than with air–
oxygen mixtures.26 27 PIP significantly decreased during
helium–oxygen MV of very low birthweight (VLBW) infants
with fixed tidal volume.16 In our study, PIP remained unaltered
when the gas mixture was changed and VTE increased on
helium–oxygen. This finding indicates that the combination of
volume targeted ventilation with helium–oxygen may lead to a
reduction in PIP used for MV and perhaps decrease the risk of
barotrauma.

Improvement in the distribution of ventilation and a reduc-
tion in differences in the time constants between various areas
of the lung are probable causes of the unexpected increase in
Cdyn among studied patients.10 This has been previously
reported in porcine models and in VLBW infants but not in
BPD patients ventilated using a facemask.13 16 22 25

These inconsistent observations may be related not only to
different types and varying severity of respiratory pathology, but

Figure 2 Changes in pH and PaCO2 during the study (mean values±SD). Values were recorded at baseline (0 min on the time scale), after 15 and
60 min of helium–oxygen ventilation, and 15 and 60 min after the therapy was discontinued (75 and 120 min on the time scale). Differences
between recorded values which were statistically significant are described in the text. The shadowed area represents the period of time during which
patients were ventilated with helium–oxygen.
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also to different devices and modes of helium–oxygen delivery.
Previous reports of helium–oxygen use in infants are sum-
marised in table 1.

As described in the literature, after helium–oxygen was dis-
continued it was necessary to increase oxygen supplementation

and there was a deterioration in lung function in our patients.6

This raises the question how long should therapy be continued
and what are the criteria for stopping helium–oxygen ventila-
tion. We observed prompt cessation of beneficial effects soon
after discontinuation of this therapy, but in the study by

Table 1 Summary of previous studies on helium–oxygen use in infants

Author Patients Ventilatory support Effects

Elleau et al10 Newborns with RDS Mechanical ventilation Lower requirements for inspired oxygen concentration and a shorter
duration of ventilation; fewer deaths and fewer cases of BPD in the
helium–oxygen group

Colnaghi et al11 Newborns with RDS Nasal CPAP Significant reduction in the risk of mechanical ventilation
Dani et al12 Extubation failure in preterm

infants with RDS
Nasal CPAP No effects in decreasing extubation failure but improved patient

respiratory function
Migliori et al16 Long-term mechanically ventilated

very low birthweight infants.
Mechanical ventilation Reduction in resistive work of breathing and ventilatory support

requirements; improved gas exchange
Wolfson et al13 Spontaneously breathing infants

with BPD
Helium–oxygen administered using
an anaesthesia bag and a facemask

Decrease in pulmonary resistance and work of breathing

de Gamarra
et al14

Spontaneously breathing infants
with BPD

Helium–oxygen introduced into a
plexiglass chamber

Wakening, crying, decrease in skin temperature and hypoxia

Martinon-Torres
et al9

Infants with bronchiolitis Nasal CPAP Improvement in the Modified Wood’s Clinical Asthma Score and CO2

elimination
Kneyber et al17 Infants with bronchiolitis Mechanical ventilation Decreased respiratory system resistance

BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; RDS, respiratory distress syndrome.

Figure 3 Oxygenation variables during the study (mean values±SD). Values were recorded at baseline (0 min on the time scale), after 15 and
60 min of helium–oxygen ventilation, and 15 and 60 min after the therapy was discontinued (75 and 120 min on the time scale). Differences
between recorded values which were statistically significant are described in the text. The shadowed area represents the period of time during which
patients were ventilated with helium–oxygen. AaDO2, alveolar–arterial oxygen tension difference; OI, oxygenation index.
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Colnaghi et al11 12 h of helium–oxygen treatment of babies
with RDS resulted in significant clinical benefits. It seems that in
BPD helium–oxygen should be used during exacerbations to
minimise further injury to the lung associated with MV and
stopped when lung function improves; however, there are no
detailed criteria.

There are several limitations to our study. The number of
included infants was higher than in previously published studies
on helium–oxygen use in BPD; however, the size of our study
was still limited.13 14 We decided to include patients below
36 weeks PMA if they had required supplemental oxygen
FiO2≥0.3 with ventilatory support for at least 28 days and pre-
sented with radiological findings characteristic of BPD. They
were studied because we assumed that because of their severe
clinical course they already had advanced pathophysiological
respiratory changes typical for BPD. All infants who were below
36 weeks PMA at the time of the study still fulfilled the diagno-
sis criteria for severe BPD at 36 weeks. Response to therapy
might depend on the timing of helium–oxygen ventilation.
Perhaps earlier administration of helium–oxygen would affect
ventilation-related injury to the immature lung and reduce the
risk or severity of BPD, as shown in newborns with RDS.10 In
our study, a reliable comparison between subjects before they
were diagnosed with BPD and those with established BPD was
not possible due to the limited number of patients.

CONCLUSIONS
Helium–oxygen augmented MV of BPD infants resulted in
improvement of selected respiratory function parameters and
oxygenation without adverse side-effects. The encouraging find-
ings warrant a larger randomised trial assessing the effectiveness
of helium–oxygen in mitigating BPD and optimising respiratory
care of preterm newborns and neurodevelopmental follow-up.
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