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Objectives. To assess whether noninvasive ventilation with Heliox reduces the need for endotracheal ventilation and subsequent
complications in preterm infants with respiratory distress syndrome (RDS). Methods. A search of major electronic databases,
including MEDLINE and the Cochrane Central Register of Controlled Trials, for randomized or quasi-randomized controlled trials
that compared noninvasive ventilation with Heliox versus noninvasive ventilation with standard gas for preterm infants with RDS
was performed. The primary outcome was the incidence of intubation. The secondary outcomes were the level of PaCO,, the use of
surfactant, and other complications. Results. Two randomized and one quasi-randomized controlled trials including 123 preterm
infants were assessed. Heliox was found to significantly decrease the incidence of intubation (RR: 0.42; 95% CI: 0.23 to 0.78), the
level of PaCO, (MD: —9.61; 95% CI: —15.76 to —03.45), and the use of surfactant (RR: 0.25; 95% CI: 0.10 to 0.61) as compared with
standard gas. No significant differences were found in other secondary outcomes. Conclusions. Noninvasive ventilation with Heliox
decreases the incidence of intubation in preterm infants suffering from RDS. However, data on clinical outcomes are limited. Larger

trials are needed to verify the beneficial effects.

1. Introduction

Respiratory distress syndrome (RDS) is a condition of res-
piratory distress which commences at or shortly after birth
and increases in severity over the first three days of life, and
it also is the most common cause of morbidity and mortality
in preterm infants and is related inversely to the gestational
age [1]. Endotracheal ventilation and exogenous surfactant
replacement therapy are two standardized therapies to reduce
neonatal mortality [2]. Despite improving survival [3], endo-
tracheal ventilation is related to increasing risks of infection
and ventilation-associated lung injuries. Importantly, pro-
longed duration of endotracheal ventilation induces a higher
probability of death or survival with neurologic impairment

and/or bronchopulmonary dysplasia (BPD) in the post-
neonatal period [4]. There is thus a trend to minimize the use
of mechanical ventilation.

To this day, early use of noninvasive respiratory support
is the most effective pathway to reduce these risks above.
However, noninvasive ventilation strategies are only partly
helpful, as about 10.5%-50% fail and need endotracheal ven-
tilation [5]. Since 1935, the use of Heliox (79% helium and 21%
oxygen) has been proposed as a standard therapy for severe
asthma, acute upper airway obstruction [6]. Helium is an
inert, colorless, and odorless gas and has very low density, and
when the nitrogen in inspired standard air is replaced with
helium, the density of mixture is 3 times less than standard air
[7]. Studies have reported beneficial effects such as the
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reduction of lung inflammation, flow turbulence, and work of
breathing and air-trapping and the improvement of the distal-
airway transmission of aerosol particles [8], and the effects
of Heliox have been attributed to the physical characteristics
of helium. Recently, noninvasive ventilation strategies with
Heliox have been used for the purposes of minimizing phys-
ical and chemical injuries, as well as supporting adequate gas
exchange in some RCTs and non-RCTs for preterm neonates
with RDS, but the clinical application was rare and the results
remained inconsistent.

The objective of this systematic review was to evaluate
whether noninvasive ventilation with Heliox would reduce
the requirement for endotracheal ventilation and subsequent
complications in preterm infants with RDS as compared with
standard gas.

2. Methods

Studies were added to the review whether they were random-
ized or quasi-randomized controlled trials. The interventions
for comparison were Heliox and standard gas in preterm
infants with RDS and supported by noninvasive ventilation.
We did not put restrictions on studies as to language.

The search strategies and assessment methods are similar
to our previous study [5]. A systematic literature search was
conducted in March 2016, using the methods of the Cochrane
Collaboration for Systematic Reviews of Interventions [9].
The databases searched included MEDLINE (1980 to March
2016) and the Cochrane Central Register of Controlled
Trials (all years). The keywords “nasal intermittent positive
pressure ventilation (NIPPV)” or “nasal continuous positive
airway pressure (CPAP)” or “bi-level positive airway pressure
(BiPAP)” or “noninvasive positive pressure ventilation” and
“preterm” or “premature” or “neonate” and “respiratory
distress syndrome (RDS)” and “heliox” or “helium/oxygen”
were used. Meantime, the search was limited to human
studies. We applied the Cochrane sensitivity-maximizing and
Cochrane sensitivity- and precision-maximizing strategies as
our special search strategies [9]. The criteria for a trial to
be included in the meta-analysis were as follows: (1) trial
involving preterm infants with RDS and (2) trial comparing
noninvasive ventilation with Heliox and standard gas.

The studies obtained through the search strategies
described above were imported to an electronic bibliographic
management program. We reviewed the titles and abstracts
of the remaining articles and excluded those that were not
related to our topic and those that did not meet the eligibility
criteria. The full-text versions were obtained for the relevant
articles that could be included in the review.

The research strategies, article-extracting, and data anal-
ysis were performed independently by three reviewers. Data
analysis included study design, study interventions, number
of subjects in each group, demographic characteristics, inclu-
sion and exclusion criteria, primary and secondary outcomes,
and variables used to assess study quality.

The primary outcome was the need for intubation, and
the observation time was any time before discharge. The sec-
ondary outcomes were the level of PaCO, at the time Heliox
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Selected studies Excluded studies

| All documents screened (n = 40) |

|y | Studies without randomized or quasi-
randomized control trials (n = 35)

| Documents that required further assessment (n = 5) |

— | Studies without fulfilling the criteria (n = 2)

| Documents with outcome data useful for meta-analysis (n = 3) |

FIGURE 1: The selection course of the included papers.

ceased, the use of surfactant and subsequent complications,
including the incidences of BPD, intraventricular hemor-
rhage (IVH) of any grade, necrotizing enterocolitis (NEC),
retinopathy of prematurity (ROP), patent ductus arteriosus
(PDA), and periventricular leukomalacia (PVL), total time
of noninvasive ventilation, duration of hospitalization, and
death before hospital discharge.

The Cochrane Risk of Bias tool [9] was applied to assess
the methodological quality of the included studies. Discrep-
ancies between the three reviewers were resolved through dis-
cussion (Table 3). Meta-analysis was performed using version
5.2 of Review Manager. To assess heterogeneity, 2 distribution
and Higgins I” statistics were calculated to determine the per-
centage of total variation across studies resulting from hetero-
geneity. [ ? statistics approximating 25%, 50%, and 75% were
considered low, medium, and high heterogeneity, respectively.
The fixed-effects models were present, and the random-
effects models were used whenever considerable heterogene-
ity was shown. For categorical data, the effect is expressed as
the RR, and for continuous data the effect is expressed as the
weighted mean difference (95% CI).

3. Results

3.1 Description of Studies. Forty studies were identified, of
which thirty-five were excluded because they were not RCTs
or quasi-RCTs. Five trials underwent further evaluation, and
two were excluded because they did not meet the inclusion
criteria. Three eligible studies were included in the final
analysis [10-12] (Figure 1).

Tables 1-3 summarized the characteristics and quality
assessments of these studies. These studies were conducted
in Italy and China. A total of 123 infants were enrolled in
the three studies. Two studies were RCTs and one study was
quasi-RCT.

3.2. Primary Outcomes. Each study reported the requirement
for intubation and mechanical ventilation. The meta-analysis
estimated a significant decrease for the need for invasive ven-
tilation in the Heliox group as compared with the standard
gas group (RR: 0.42; 95% CI: 0.23-0.78) in the fixed-effects
model (Figure 2). Heterogeneity was not found among the 3
trials (P = 0.34, I” = 8%).
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TABLE 1: The characteristics of included papers.

N (n) Gestational age (weeks) Birth weight (g) Male
Heliox  Standard air Heliox Standard air Heliox Standard air Heliox  Standard air
Li et al. 2014 19 17 342 +18 343+1.8 2150 + 470 2190 + 440 13 10
Dani et al. 2013 18 18 254 +1.5 258 +1.9 680 + 150 750 + 190 10 7
Colnaghi et al. 2012 27 24 30.6 +1.4 30.6 £1.2 1454.0 + 332.2 1430.3 + 3274 18 15
TABLE 2: Details of included papers.
Lietal. 2014 Dani et al. 2013 Colnaghi et al. 2012
Single or multicenter design Single Single Multicenter
xii‘faﬁfoﬁomm“we NIPPV NCPAP or BiPAP NCPAP
;F}if)r:ler;))f Heliox administration 3 24 B
Heliox expenditure (¥/infant) 2000 — 7500
Whether or not surfactant was Surfactant was given Early rescue Surfactant was given
. surfactant treatment
given only as rescue therapy when FiO, > 030 only as rescue therapy
Whether or not noninvasive
ventilation was used as primary Yes No Yes
support
Side effects No No No
Exchange rate in 1/1/2008: 1¥ = 0.1€.
TABLE 3: Bias assessment of included papers.
Lietal. 2014 Dani et al. 2013 Colnaghi et al. 2012

Allocation concealment Yes No Yes
Sequence generation Yes No Yes
Blinding (participants) Unclear Unclear Unclear
Blinding (outcome assessors) Yes Unclear Yes
Incomplete data address Yes Yes Yes
Free of selective reporting Yes Yes Yes
Free of other biases No Unclear Unclear

3.3. Secondary Outcomes. Data for the secondary outcome
demonstrated a significant decrease for the level of PaCO,
in the Heliox group (mean difference: —9.61; 95% CI: -15.76-
—3.45), with heterogeneity among the two trials (P = 0.04,
I? = 76%) (Figure 3).

Data also demonstrated a significant decrease for the use
of surfactant in the Heliox group (RR: 0.25; 95% CI: 0.10-
0.61), without heterogeneity among the two included trials
(P = 0.85, I* = 0%) (Figure 4).

No significant differences were found in other secondary
outcomes of included studies between the two groups
(Table 4).

4. Discussion

In the present meta-analysis involving three RCTs, we aimed
to assess the rate of endotracheal intubation and subsequent
complications in preterm infants with RDS through compar-
ing noninvasive ventilation with Heliox and standard gas. The

results showed a significant decrease for the need of endotra-
cheal intubation in the Heliox group as compared with the
standard gas group. Similarities also appeared in the clearance
of PaCO, and the use of surfactant. These findings suggest
that Heliox does increase the beneficial effects of noninvasive
ventilation and contribute to a reduced risk of endotracheal
ventilation in preterm infants with noninvasive ventilation.
Previous studies have demonstrated the beneficial effects
of Heliox compared with standard gas in preterm infants.
Specifically, Heliox has been shown to significantly reduce
the requirement for ventilatory support and improve gas
exchange [13-15]. A recent meta-analysis found that infants
treated with Heliox had a significantly lower mean clinical
respiratory score in the first hour after starting treatment
when compared to those treated with air or oxygen [16]. And
these results were consistent with the present meta-analysis.
However, there were significant heterogeneities. One of the
causes of heterogeneities might be the observation time of
intervention. Among the trials included, the observation
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Heliox Standard gas Risk ratio Risk ratio
Stud: b Weight
udy or subgroup Events Total Events Total ¢l M-H, fixed, 95% CI M-H, fixed, 95% CI
Colnaghi et al. 2012 4 27 11 24 47.9% 0.32[0.12, 0.88] —m—
Dani et al. 2013 6 18 9 18 37.0% 0.67 [0.30, 1.48] ——
Lietal 2014 0 19 3 17 15.1% 0.13[0.01, 2.32] ' ]
Total (95% CI) 64 59 100.0%  0.42[0.23,0.78] <o
Total events 10 23
e 2 _ _ .12 _ Qo r T T 1
Heterogeneity: y~ = 2.18,df = 2 (P = 0.34); I = 8% 0.01 01 1 10 100
Test for overall effect: Z = 2.77 (P = 0.006) Heliox Standard gas

FIGURE 2: The comparison of Heliox versus standard air for the incidence of intubation.

Study or suberou Heliox Standard gas Weicht Mean difference Mean difference
Y group Mean SD Total Mean SD Total & IV, random, 95% CI IV, random, 95% CI
Dani et al. 2013 39 8 18 52 7 18 46.2% -13.00 [-17.91, -8.09] B
Lietal 2014 324 3.1 19 39.1 6.8 17 53.8% —-6.70 [-10.22, -3.18] [ |
Total (95% CI) 37 35 100.0%  -9.61 [-15.76, —3.45] Q
Heterogeneity: 72 = 15.09; x> = 4.18, df = 1 (P = 0.04); I* = 76% 100 5 0 iR 100
Test for overall effect: Z = 3.06 (P = 0.002) Heliox Standard gas

FIGURE 3: The comparison of Heliox versus standard air for the level of PaCO,.

Study or subarou Heliox Standard gas Weight Risk ratio Risk ratio
4 sroup Events Total Events Total & M-H, fixed, 95% CI M-H, fixed, 95% CI
Colnaghi et al. 2012 3 27 10 24 556%  0.27[0.08,0.86] —
Lietal 2014 2 19 8 17 44.4% 0.22[0.05, 0.91] ——
Total (95% CI) 46 41 100.0% 0.25[0.10, 0.61] ’
Total events 5 18
Heterogeneity: y* = 0.04, df = 1 (P = 0.85); I* = 0% ' ' ' !
geneity: x ( ) ’ 0.01 0.1 1 10 100
Test for overall effect: Z = 3.05 (P = 0.002) Heliox Standard gas

FIGURE 4: The comparison of Heliox versus standard air for the use of surfactant.

time of “need for mechanical ventilation” was different. The
observation time of “failure of Heliox/standard gas” in the
study by Dani et al. [11] was “during the 24 hours following
extubation” and it was “within the first 7 days of life” in the
study by Colnaghi et al. [12]. But the study by Li et al. [10]
did not limit the observation time.

Although basic mechanisms by which Heliox improves
efficacy are clear, a better understanding of its exact actions
is needed. The possible mechanisms by which Heliox works
are decreasing mean airway resistance and respiratory work,
as well as improving gas exchange and lung compliance.
Interestingly, Heliox might also have the potential for chem-
ical benefits as an inert gas. The included RCT of Li et al.
[10] showed that Heliox significantly reduced mean length of
ventilation in comparison to standard gas, and the latter was
positively correlated with interleukin-6 at baseline (r = 0.474,
P = 0.006). Compared to animals ventilated with standard

gas, levels of interleukin-8 and myeloperoxidase were also
lower in animals ventilated with Heliox [8].

Prophylactic, early, and enough surfactant replacement
therapy has been reported to reduce effectively the incidence
of intubation and complications in preterm infants with
RDS as compared with later selective surfactant adminis-
tration [17]. However, the INSURE (intubation-surfactant-
extubation) technique of surfactant administration is an
invasive operation, and it is not successful in all preterm
neonates with RDS, with a reported failure rate ranging from
19 to 69%. And the unsuccessful INSURE technique required
subsequent intratracheal ventilation [18]. In our review with
meta-analysis from two trials of Li et al. [10] and Colnaghi et
al. [12], a remarkable decrease was demonstrated for the need
of surfactant in the group of infants who received Heliox, and
the difference was statistically significant. Our results further
confirmed that Heliox was more successful than standard gas
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TABLE 4: Pooled estimates for Heliox.

Heliox versus standard gas

Secondary outcomes Colnaghi etal. Dani et al. 2013 Li et al. 2014 RR/mean Heterogeneity
2012 difference (95%
27 24 18 18 19 17 CI) P value I?
Incidence of
bronchopulmonary 5 3 7 11 0 0 0.81[0.38-1.73] 0.25 23%
dysplasia
Incidence of patent
. 12 10 16 16 7 5 1.06 [0.79-1.43] 0.82 0%
ductus arteriosus
Incidence of retinopathy 1 1 4 5 0 0 0.82 [0.28-2.34] 0.94 0%
of prematurity
Incidence of necrotizing 1 2 3 3 1 0.94[0.30-291] 045 0%
enterocolitis
, 5.78 .
Hospital stay (days) 52 +30 47+33 115+18 10915 — — [=3.06-14.63] 0.20 0%
Time of noninvasive -0.91 0
ventilation (days) 26 +37 33+6 — — 1.6+£06 25%1.0 [-1.46--0.36] 0.001 0%
Incidence of
intraventricular 0 0 5 4 0 0 1.25 [0.40-3.91] Not applicable
hemorrhage
Incidence of
periventricular 0 0 2 1 0 0 2.00 [0.20-20.15] Not applicable
leukomalacia
Death 0 0 3 2 0 0 1.50 [0.28-7.93] Not applicable

in preventing the INSURE-associated endotracheal intuba-
tion in the initial treatment of premature infants with RDS.
Noninvasive respiratory support and Heliox therapy may
have synergistic effects on uniform distribution of oxygen
and carbon dioxide, as well as decreasing alveolar surface
tension. With the optimal lung capacity, relatively constant
airway, and alveolar pressure, the pulmonary gas distribution
at a uniform state could cause maximally less alveolar exces-
sive expansion or atelectasis and, hence, avoid injury of lung.

BPD is a complex disorder and remains the most com-
mon complication of very preterm infants [19]. Initiation and/
or maintenance of endotracheal ventilation, especially during
the first week of life, may activate the alveolar macrophages,
leading to the release of proinflammatory cytokines. Expo-
sure to oxygen with high concentrations actually also
potentiates the inflammatory cascade. Moreover, ventilator-
associated lung injuries may lead to the ongoing inflamma-
tion and oxidative stress in the lung, finally leading to BPD.
Many studies have been done to compare the effects between
Heliox and standard gas on BPD and the incidence of BPD.
Szczapa et al. [20] reported that mechanical ventilation with
Heliox resulted in the improvement of respiratory function
and oxygenation in infants with severe BPD requiring mechan-
ical ventilation. Wolfson et al. [21] also indicated that Heliox
decreased the work of breathing and airway resistance and
reduced respiratory muscle fatigue and caloric requirements
for breathing, thus providing additional calories for growth
and recovery. In our meta-analysis, pooling of data from the
two trials of Dani et al. [11] and Colnaghi et al. [12] did not
reveal the beneficial effects for decreasing the incidence of
BPD as compared with standard gas. Although a similar result

was found in the study by Elleau et al. [15], the latter should be
reconsidered because the sample size of this study was small
and it was reported in the presurfactant era.

In addition, our review also revealed that Heliox was
related to the reduction of time of noninvasive ventilation.
No heterogeneity has been found [10, 12].

Our review from two trials [11, 12] showed that Heliox
could not shorten the duration of hospitalization as compared
with the standard gas. Besides, Heliox did not show any
benefit in decreasing the incidence of PDA, ROP, BPD, and
NEC. No heterogeneity has been found among the trials.

Furthermore, several modes of noninvasive respiratory
support were used in the three included trials, including
NIPPV, CPAP, and BiPAP. Up to now, numerous studies and
meta-analyses have compared the effects of noninvasive ven-
tilation on the incidence of intubation and subsequent com-
plications, and the results remained inconsistent [5, 22-25].
Therefore, the results of the meta-analysis could be affected by
the selection of noninvasive ventilation strategies.

In our review from three trials [10-12], the times of Heliox
administration were different, with 3 hours by Li et al. [10],
24 hours by Dani et al. [11], and 12 hours by Colnaghi et al.
[12]. As Martinon-Torres [26] said, one important advantage
(and disadvantage) of Heliox is that it works only while
being administered, and some beneficial effects of Heliox can
be noted soon after initiation for that particular patient. In
contrast, once Heliox is withdrawn, the symptoms could be
aggravated [20]. Besides the short-term effects in preterm
infants, neonatologists are more concerned with the long-
term benefits, especially in very preterm infants. Therefore,
the optimal beneficial time of Heliox administration is



unclear and more trials are needed to verify it. Conclusions
should be cautious because of the significant heterogeneity of
administration time of Heliox among the studies. Szczapa et
al. [20] proposed a question of how long Heliox should be
continued and what should be set as the criteria for stopping
it. One explanation was that Heliox should be continued
during BPD exacerbation in order to minimize further lung
injury associated with mechanical ventilation and stopped
when lung function improved. The administration time of
Heliox might be determined by the aim of used Heliox.
For minimizing intubation in primary respiratory support,
Heliox might be used for twelve to seventy-two hours [12],
but, for avoiding reintubation and reducing the incidence of
BPD, continued Heliox might be needed for more than eight
days [15].

One important cause to explain the inconsistence among
the included studies might be gestational age. In our review
from three trials [10-12], the mean gestational ages were
different, with 34.2 weeks by Li et al. [10], 25.4 weeks by Dani
et al. [11], and 30.6 weeks by Colnaghi et al. [12]. Nowadays,
preterm infants were actually divided into late preterm (34—
36 weeks), moderate preterm (32-33 weeks), and very preterm
(<32 weeks). In the very preterm infants, the incidence
rate of RDS gradually has been confirmed to be increased
with decreasing gestational age. EuroNeoStat figures for 2006
showed an incidence of 92% at 24-25 weeks, 88% at 26-
27 weeks, 76% at 28-29 weeks, and 57% at 30-31 weeks of
gestational age [1]. In the infants with gestational age less than
30 weeks, an obvious increase was observed in the incidence
rate of RDS. It might therefore be improper to conduct the
analysis in preterm infants with long time span, and preterm
birth should be also divided into more subgroups according
to the gestational age, such as 30-32 weeks, 28-32 weeks, and
26-28 weeks. Similarities also appeared in the complications
of the secondary outcomes, and this was a main limitation in
the analysis.

There were inconsistent results about side effects of Heliox
administration in the previous studies. Szczapa et al. [20]
indicated that mechanical ventilation with Heliox was feasible
and could be applied without side effects in preterm infants
with severe BPD. Spontaneously breathing Heliox could be
tolerated in preterm infants with BPD [21]. Moreover, no side
effects appeared even after eight days of administration of
Heliox in preterm infants with RDS [15]. The above studies
were in agreement with the comment of Martinon-Torres
[26], in which no lines of evidence of harmful effects of
Heliox were reported in 73 clinical trials. In the present
review, there were also no side effects of Heliox in the three
included trials. Actually, as far as the properties of helium
are concerned, no side effects are a reasonable speculation.
In contrast, several studies suggested side effects of Heliox. In
a preliminary study designed to assess the tolerance to Heliox
in infants with BPD, spontaneously breathing Heliox had
immediate consequences such as wakening, crying, decrease
in skin temperature, and hypoxia [27]. Similarly, hypoxia was
also reported by Butt et al. [28]. More studies are needed to
observe the possible side effects of Heliox. Therefore, more
trials are also needed to verify them in the future.
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Last but not least, the relatively high costs of Heliox
administration should be considered [29]. Among the
included trials, the average cost was similar. The cost of Heliox
of “12 hours” was “EUR750” in the study by Colnaghi et al.
[12] and that of “3 hours” was “EUR200” in the studies by
Li et al. [10]. Possibly, recycled use of Heliox may be a better
selection and further direction.

The major limitation of the present study was the small
sample size, and trials with small sample size were more
likely to show larger beneficial effects than trials with large
sample size [30]. And these beneficial effects were consistent
with the reports of Zhang et al. [31] and Papageorgiou et
al. [32]. The authors thought that it might be due to the
lower methodological quality in small trials. As far as we
are concerned, the cause of inducing the differences between
small trials and large trials might be the baseline differences of
the included patients. An example was when the pregnancy-
associated diseases of mothers were balanced completely; the
results of the small sample trial [33] were consistent with the
multicenter trial [24]. These problems could be overcome in
additional multicenter studies with large sample size or more
strict inclusion criteria in the small trials. Given the potential
limitations, more trials are needed in the future.

5. Conclusions

In summary, the present study supports the updated lines of
evidence. Based on the results, the present review provides
several lines of evidence that noninvasive ventilation with
Heliox is more successful than noninvasive ventilation with
standard gas in avoiding invasive ventilation, when used for
the treatment of preterm infants with RDS. However, it is also
clear that data on clinical outcomes are limited. Therefore,
any formal grading at this time is improper. Given these
important limitations, further trials are needed to assess the
use of Heliox.
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