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included. The risk of bias was high in one, moderate in four, and low in one. The RR
Funding information for the need for CPAP (three studies) was 0.87 (Cl: 0.56-1.35), and for intubation
None (four studies) was 1.39 (Cl: 0.53-3.63), heliox compared to air-oxygen. The hospital
stay (four studies) was 0.25 days longer (Cl: -0.22 to 0.71) in the heliox group. The
mean decrease in M-WCAS from the baseline (three studies) was 1.90 points (Cl:
1.46-2.34) greater in the heliox group.

Conclusion: We found low-quality evidence that heliox does not reduce the need for
CPAP, intubation, or length of hospitalization for bronchiolitis. Based on the
M-WCAS scores, heliox seems to relieve respiratory distress symptoms rapidly after
its initiation. The included studies had high heterogeneity in their methods and
included relatively mild cases of bronchiolitis. A larger randomized controlled trial
with more severe cases of bronchiolitis with enough power to analyze the need for

intubation is needed in the future.
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1 | INTRODUCTION

Bronchiolitis is a common viral lower respiratory tract infection in
infants. The diagnosis is clinical, and the main symptoms are
rhinorrhea, coughing, tachypnea, wheezing, rales, and increased
respiratory effort. The most severe and typical form of the disease
occurs in infants fewer than 6 months old.! The most frequent
causative pathogen, respiratory syncytial virus (RSV), is estimated to
cause over 30 million cases and over 3 million hospitalizations in
children under 5 years of age annually.?

Previous studies have shown that the following treatments have
been ineffective in treating infant bronchiolitis: bronchodilators,®
chest physiotherapy,” systematic or inhaled glucocorticoids,” magne-
sium sulfate,’ and antibiotics.” The current treatment strategy
focuses on breathing support. Both high-flow nasal cannula® and
continuous positive airway pressure (CPAP) methods have been
shown to be effective in treating bronchiolitis.”

Helium has been shown to reduce both airway resistance and
respiratory effort in prospective, nonrandomized studies.'®** There-
fore, an inhaled helium-oxygen mixture (heliox) has been studied as a
treatment for bronchiolitis. However, the results have been
controversial; while improvements have been seen in respiratory
parameters,’? ** heliox has not reduced the length of stay in hospital
or the need for invasive ventilation.’***

A previous meta-analysis conducted in 2015 stated that heliox does
not increase the rate of discharge from the emergency department,
decrease the rates of intubation, but it may decrease the length of stay
in infants severe respiratory distress and receiving CPAP, but it must be
noted that the quality of the included studies was classified as low and
the meta-analysis included both parallel and crossover designed
studies.® Since then, other studies on the use of heliox as a treatment
for bronchiolitis'”*® have been published. Thus, we decided to update
the evidence summary. Bronchiolitis treatment strategies are a timely
topic, as the 2021-2022 winter season has been predicted to have a
high number of bronchiolitis cases since previous RSV seasons were
interrupted by the pandemic restrictions.'”%*

To further clarify the present role of heliox treatment in infant
bronchiolitis, we summarized current evidence by conducting a

systematic review and meta-analysis.

2 | METHODS

2.1 | Search strategy

The databases searched in this systematic review were PubMed
(MEDLINE), the Cochrane Central Register of Controlled Trials
(CENTRAL), Web of Science, and Scopus. The literature search was
conducted on November 5, 2021. The following phrases were used in
the search: “helium” or “helium-oxygen” or “heliox” AND “bronchiol-
itis” or “bronchitis” or “wheezing” or “respiratory syncytial virus” or
“RSV.” We used neither language nor time restrictions. The results
were uploaded to Covidence software (Covidence).

i)

2.2 | Inclusion and exclusion criteria

All randomized controlled trials (RCTs), regardless of blinding, were
included. The reports focused on heliox use in infants aged less than
24 months at the time of the bronchiolitis episode. We had no
prespecified criteria for bronchiolitis diagnosis, and we decided to
include both positive and negative RSV cases. We had no exclusion

criteria regarding prematurity or birthweight in our review.

2.3 | Review process

Two authors (LK. and P.K)) individually screened the abstracts, and
conflicts were resolved by a third author or through mutual consensus.
Full texts were then assessed by the two authors, and data were
extracted using the Covidence 2.0 data extraction templates. The risk of
bias was assessed according to Cochrane tool 2.0 for assessment by one
author (1.K.), and a senior author (M.R.) was consulted if needed.”* The
risk of bias is reported in the Cochrane Risk of Bias 2.0 table, and it is
presented by generating plots using the robvis package.”® Reporting
quality was assessed using the Grading of Recommendations Assess-
ment, Development and Evaluation methodology.? Background infor-
mation on the studies and study populations is presented in Tables 1-3.
A flow chart of the study process is presented in Figure 1, and the six
selected studies are summarized in Table 1. We have reported this study
as suggested in the preferred reporting items for reviews and meta-
analyses (PRISMA) guidelines.?”

24 | Outcome measures

Our primary outcomes were (1) the need for CPAP, (2) the need for
endotracheal intubation, (3) the length of stay in the intensive care
unit or pediatric ward, and (4) the change in the modified Woods
Clinical Asthma Scale (M-WCAS). Furthermore, we assessed the
adverse events as secondary outcomes (mortality or possible other

side effects, if the information was available).

2.5 | Subgroup analyses
We planned, depending on the available data, to perform a subgroup

analysis in preterm neonates and in infants with RSV bronchiolitis.

2.6 | Statistics

Review Manager version 5.4 (The Cochrane Collaboration) was used
for the meta-analysis. Data analyses were performed according to the
Cochrane Handbook for Systematic Review guidelines.’® We
calculated the mean differences (MDs) for the continuous outcomes,
as all the included studies used the same continuous outcome
measurements. For dichotomous outcomes, we calculated the risk
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(Continued)

TABLE 1

Conflicts of
interest

Secondary
outcomes

Admission
route

Participants

Blinding (N)

Study

Country period

Funding Sponsoring

Main outcome

Setting

Control

Intervention

Study

Not reported

Not reported The authors

Nitrogen 79% Low-flow Standard M-WCAS at 2  Total duration of

2015-2016 Double 104 Helium 79%

Egypt

Seliem

declared
none

oxygen nasal ward and 24 h treatment

21%

oxygen
21%

et al.

required to
improve

cannula

2019

respiratory

distress for a

period of 1 h.
Need for

supplemental
oxygen or

respiratory
support

Abbreviations: COI, conflict of interest; ED, emergency department; M-WCAS, modified Woods Clinical Asthma Scale; PICU, pediatric intensive care unit; RSV, respiratory syncytial virus.
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i)

ratios (RRs) with confidence intervals (Cls). Forest plots are presented
for the primary outcomes. Inconsistency index statistic I? for
heterogeneity was used, and if I?>50%, a random-effect model
was used. If heterogeneity was low (<50%), the fixed effect model
was chosen.

Due to the included studies' diverse result reporting, we used the
following adjustments and assumptions: If the included study
reported only means with standard errors (SEs) instead of standard
deviations (SDs), SD was calculated for the meta-analysis by multi-
plying the SE with the square root of the number of included
participants in this treatment group, as suggested by Chapter 6.5.2.2
in the Cochrane Handbook:

SD = SE x +/N.

If the study did not report the SD for the change from the
baseline and only reported the baseline mean with SD and the later
mean with SD, we calculated the SD for the change. The following

|13

equation reported by Cambonie et a was used to calculate the

correlation coefficient:

2 2 2
SDE,baseline + SDE,finaI - SDE,change

2% SDE,baseIine x SDE,finaI

Cor =

This equation indicated 0.91 to be the correlation coefficient,
and this number was inserted into the following formula to determine
the SD for the change:

5DE,change
_ 2 2
= |SDE paseline + SDE final - (2 % Corr x SDE paseline -

% SDE final)

Furthermore, as one of the included studies®® reported their
main outcomes as medians instead of means, we decided to use
the median as a substitute for the mean, as described in Chapters
6.5.2.9 and 10.5.3 of the Cochrane Handbook. As the authors did
not report enough values to calculate the skewness statistic
(Cochrane Handbook, Chapter 9.4.5.3), we relied on the assump-
tion that the data were not skewed based on the other included
studies. As the medians were reported with interquartile ranges
(IQRs), we calculated the SD by dividing the width of the IQR by
1.35, as suggested in Cochrane Handbook Chapter 7.7.3.5.
Furthermore, as two of the studies'>'* reported their M-WCAS
results only in figures, we used WebPlotDigitizer software to
identify the desired means and SDs from those figures (https://
automeris.io/WebPlotDigitizer/). In one study,’® the M-WCAS
results were presented as medians with IQRs, and when calculating
the SD for change, we noticed that the SD was greater than the
change, which is a strong indication of skewed distribution in the
presented results. We decided to exclude this study from the final
meta-analysis. One study’® reported the main outcomes as means
with 95% Cls, and we calculated the SD using the following
formula, as suggested in Cochrane Handbook Chapter 6.5.2.2:


https://automeris.io/WebPlotDigitizer/
https://automeris.io/WebPlotDigitizer/
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TABLE 2

Study
Liet et al. 2005 -

KUITUNEN ET AL

Inclusion criteria

Age <9 months.

Weight <10.

PICU admission.

First episode of RSV
bronchiolitis.

Signs of respiratory failure.

Brochiolitis definition

Presence of at least two of the
following criteria: tachypnea, chest
retractions, wheezing, and
hyperinflation on chest radiograph.
Respiratory failure: saturation <92%
in room air or PaO, <40 mmHg.

Cambonie - Age <3 months. - RSV-positive disease with respiratory
et al. 2006 - first bronchiolitis episode. distress.
- M-WCAS 5, indicating
severe respiratory distress.
Kim et al. 2011 - Age: 2-12 months of age. - Tachypnea
- M-WCAS 3 or higher. - Cough.
- Clinically confirmed - Prolonged expiratory phase.
bronchiolitis. - Wheezing, rales, or chest retractions.
- Hyperinflation of lungs on chest
radiograph.
Chowdhury - Age <12 month, (corrected - History of upper respiratory tract
et al. 2013 age if premature). infection followed by wheezing,
- Clinically confirmed coughing, breathing difficulty, or
bronchiolitis. chest crackles on auscultation.
- Respiratory distress or hypoxia:
oxygen saturation <93% in room air).
Seliem - Age: 1 month to 2 years. - Cough, increased respiratory rate,
et al. 2018 - PICU admission. chest retraction, prolongation of
- RSV acute bronchiolitis. expiratory time, sibilant rhonchi, and
- Oxygen saturation <93% in hyperinflated lungs on chest X-ray.
room air and required - RSV etiology confirmed.
supplemental oxygen on
admission.
Seliem - Age: 1 month to 2 years. - Cough, increased respiratory rate,
et al. 2019 - Ward admission. chest retraction, prolongation of

RSV bronchiolitis.
Oxygen saturations >92%
with room air.

expiratory time, sibilant rhonchi, and
hyperinflated lungs on chest X-ray.
RSV etiology confirmed.

Inclusion and exclusion criteria and the bronchiolitis definition used in patient selection in included studies

Exclusion criteria

Pneumothorax or pneumomediastinum.
Cystic fibrosis, uncorrected cyanotic
congenital heart disease, cardiac failure,
neuromuscular disease, or
bronchopulmonary dysplasia.
mechanical ventilation already initiated.

Underlying cardiopulmonary disease.
Pneumothorax.

Corticosteroid or bronchodilator treatment
within 2 h of study enrollment.

Pneumonia, croup, foreign body aspiration,
pre-existing lung disease.

Supraventricular tachycardia is secondary to
albuterol or racemic epinephrine
administration.

Bronchodilator treatment within 2 h.
Systematic corticosteroids within the
preceding 72 h.

Persistent airway hyperreactivity in the

3 months before the study.

Imminent intubation; saturation <93%
despite 15 L/min O, via face mask;
participation in another study in the
previous 4 weeks; salbutamol, epinephrine,
or ipratropium therapy within 1 h or
systemic steroids within 4 h; bronchiolitis
readmission within 24 h.

Required mechanical ventilation.

Had a hemodynamically significant
congenital heart defect.

Chronic lung disease, including
bronchopulmonary dysplasia, and those
previously diagnosed with hyperreactive
airway diseases were also excluded.

Required supplemental oxygen or
mechanical ventilation.

Congenital heart defects.

Known chronic lung disease,
bronchopulmonary dysplasia or diseases
manifesting with airway
hyperresponsiveness.

Abbreviations: COI, conflict of interest; M-WCAS, modified Woods Clinical Asthma Scale; PICU, pediatric intensive care unit; RSV, respiratory syncytial virus.

SD = /N x (upper limit - lower limit)/3.92.

https://www.crd.york.ac.uk/prospero/display_record.php?Record

ID=289591.

Furthermore, one study** reported only means without SDs for

the treatment duration outcome; thus, we used the SD reported by
Cambonie et al.’® in the meta-analysis, as suggested in Chapter

6.5.2.7 of the Cochrane Handbook.

2.7 | Protocol registration

The protocol has been registered in Prospero. The registration
number is CRD42021289591, and the protocol is available at

3 | RESULTS

The initial search retrieved 666 studies, and after the duplicates were
removed, we screened the abstracts of 463 of them. Of these, 22 were
further assessed in the full-text phase. Six RCTs were found, %" 11718
and all of these were included in the final analysis. We did not find any
additional studies from other sources to be included (the references of

the included studies were checked; see Figure 1).


https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=289591
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=289591
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] FIGURE 1 PRISMA flow chart of the
review process. [Color figure can be viewed at

Duplicate records removed

wileyonlinelibrary.com]

Wrong study design (n = 7)

Studies found from other sources

[ Identification of studies via databases and registers
s
E Records removed before
o Records identified from™: »| screening:
= Databases (n = 666)
S (n=203)
k)
\4
Records screened Records excluded**
—
(n = 463) (n=437)
v
Reports sought for retrieval Reports not retrieved
ol (n=22) (n=0)
'c
[
e
3 v
Reports assessed for eligibility Reports excluded:
(n=22) R
Protocol only (n = 5)
Commentary (n = 3)
Editorial (n = 1)
Double (n=1)
v
3
] Studies included in review < | (n=0)
S (n=6)

The six studies included 560 infants under 24 months of age. All
six studies compared heliox to a standard air-oxygen mixture. Three
of the studies were conducted in intensive care units, two in pediatric
wards, and one in the emergency department (Table 1). The patients'
inclusion and exclusion criteria were heterogeneous and relied on
different clinical diagnostic criteria of bronchiolitis (Table 2). Funding
sources were not reported in two of the studies, and conflicts of
interest were also not reported in two of the studies. Four of the
studies had gained financial support from companies that provide
heliox (Table 1). The ages of the included patients were highly varied
(Table 3). Only two studies reported gestational ages, and only one
study presented the ratio of infants born preterm, before gestation
week 37 (11).

3.1 | Risk of bias

The risk of bias was assessed in five domains and overall. All the
studies had some concerns, at least in one domain, in the risk of bias
assessment. One study had a high risk of bias due to the outcome
measurement. Another study was single-blinded, and the blinding
process had not been described precisely enough. All the included
studies reported their adverse events vaguely and lacked key

Risk of bias domains
| b2 [ b3 | p4 | D5 [overal

© @

Liet et al. 2005

Cambonie et al. 2006

Kim et al. 2011

Study

Chowdhury et al. 2013

Seliem et al. 2018

0000062
0l 10/ JO)

L0 O L !
000006 e

0)0}0(0)
0]0] 0]

Seliem et al. 2019

Domains: Judgement
D1: Bias arising from the randomization process. )
D2: Bias due to deviations from intended intervention. . High

D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. . Low

- Some concerns

FIGURE 2 Risk of bias assessment of the included studies. [Color
figure can be viewed at wileyonlinelibrary.com]

information on primary outcomes, which led to concerns about bias

in the selection of the reported results (Figure 2).

3.2 | Need for CPAP

Three studies (424 infants) reported the need for the initiation of
CPAP. In the heliox group, 31 (14.7%) of the 210 children needed


http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
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Heliox Standard therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chowdhury et al. 2013 24 140 27 141 753% 0.80[0.54,1.47]
Lietetal. 2005 1 18 2 21 5.2% 0.58 [0.06, 5.91)
Seliem etal. 2019 6 52 7 52 19.6% 0.86 [0.31, 2.38) —_—
Total (95% CI) 210 214 100.0%  0.87[0.56, 1.35] <5
Total events kil 36
Heterogeneity: Chi*=0.13, df= 2 (P = 0.94); F= 0% ID 5 052 é 20‘

Test for overall effect: Z= 0.61 (P = 0.54)

Favours Heliox Favours standart therapy

FIGURE 3 Need for initiation of continuous positive airway pressure (CPAP) treatment. Heliox treatment compared to standard therapy.

[Color figure can be viewed at wileyonlinelibrary.com]

CPAP, and in the standard therapy group, 36 (16.8%) of the 214
infants needed CPAP. The heterogeneity was low, and the RR for
the heliox group compared to the air-oxygen group in the fixed
model was 0.87 (Cl: 0.56-1.35; Figure 3). We ranked the quality of
evidence as moderate (Table 4).

3.3 | Need for endotracheal intubation

Four studies (313 infants) reported the need for intubation. In the
heliox group, 8 (7.0%) of the 114 infants needed to be intubated
compared to 6 (5.1%) of the 117 infants in the standard treatment
group. The heterogeneity was low, and the RR for intubation in the
heliox group compared to the air-oxygen group in the fixed model
was 1.39 (Cl: 0.53-3.63; Figure 4). We ranked the quality of evidence
as low (Table 4).

3.4 | Length of hospitalization

Four studies (408 infants) reported the overall duration of the stay
in the intensive care unit or in the ward. The length of
hospitalization showed high variation between the studies. The
observed heterogeneity was high. The weighted MD in the length
of stay in the random effect model was 0.25 days (Cl: 0.22-0.71),
favoring the standard therapy group (Figure 5). We ranked the

overall quality of evidence as low (Table 4).

3.5 | Change in M-WCAS

Three studies (136 infants) reported the M-WCAS scores at the
start of the treatment and later. The reported time periods
selected for the analysis varied from between 1 and 4 h. The
observed heterogeneity was high. The MD for the change in the
M-WCAS from the baseline in the random effects analysis was
-1.90 points (Cl: -2.34 to -1.46), clearly favoring the heliox
group (Figure 6). We ranked the quality of the evidence as low
(Table 4).

3.6 | Possible side effects and adverse outcomes

None of the studies discussed possible unexpected side effects.
Only one study included mortality information; it reported one
death in the heliox group out of the nine included patients, and no
deaths were observed in the control group.’® Only one of the
studies reported follow-up after discharge, and they did not find
differences in the readmission rate between the heliox and control

groups.
4 | DISCUSSION
41 | Summary of main results

Six RCTs with 560 infants with bronchiolitis demonstrated that
heliox treatment did not have an impact on clinically important
endpoints, such as the need for CPAP or invasive mechanical
ventilation. It also did not have an effect on the duration of
hospitalization. However, heliox seems to reduce symptoms, as
shown by a decrease in the M-WCAS score measured after the
initiation of therapy, although the minimal important difference in
the M-WCAS has not been studied. The results of this study are in
line with a previously published meta-analysis.*¢

4.2 | Implications for clinical practice

Based on these results, we conclude that it is not justified to
continue using heliox to treat bronchiolitis outside of RCTs to
avoid escalation of care or to shorten the hospital stay. It is
possible that some subpopulations with low respiratory capacity
might benefit from the reduced breathing work, although the
initiation of heliox should never delay intubation when required.
It must be noted that one study found that heliox was only
beneficial if it was given with a tight-fitted face mask instead of a
nasal cannula.'> However, as this was the only study that
addressed differences in administration routes, a meta-analysis

stratified by the delivery device was not possible.


http://wileyonlinelibrary.com

KUITUNEN ET AL

[ . |
-
6 )]

WILEY

1388

‘|elI} Paj|0J3u0d paziwopues ‘| Dy 9[eds

BWYISY [EDIUIID SPOOAA PALJIPOW ‘SYDM-IA ‘UoitenjeA] pue JuswdojAs( ‘JUSWSSasSy SUOIFEPUSWIWOY JO Sulpels ‘JQyYO @inssaid Aemuie aAIHISOd SNONUIUOD ‘dydD ‘[EAISIUI DDUSPIIUOD ‘| SUOIFEIASIGAY

MO

MO

MO

91eI3pOoN

32U3PINS

Jo Anjend

Adeiayj xolpy
SI0Ae} (97 T~
0} yE€'C-

{1D) syuiod 06°T~

Adeisayy
pJepueils
SIoAe)
(TL£°0 03
TZ'0-) shep GZ'0
(€9°¢ 03
(%€ 03 €50
%T'8-) %6T- D) 6€°T LTT 409 ¥IT 40 8
(se'T 01
(%06 03 950
%67-) %1'T D) /80 $ITI09¢  0TIT 40 1€
Sl ainjosqy (1D %56) |oJ3uo) uolUaAIRIU|
YsU dAneRY
1343 sjuaijed jo ‘ON

sSuipuly Jo Arewwng

pajda3epun

pajoa3apun

pa32939puUn

pajde3epun

seiq uopeliqngd

suoneywy|
snouas oN

0 sepnput 1D
‘suolje)wi| sNoLas

0 sapnpdut |5
:SUOI}e}IWI| SNOLISS

0 sapnpu 1D
‘suolje)wi| snouas

uoisidaadwi|

PauQ

Pang

Pauq

Paig

ssaupdalIpu|

suoneyw|
snolas oN

suonew|
snoas oN

suonepw|
SnoLas oN

suonepw|
SNOLIBS ON

Adua)sisuodu|

‘suoijeInap
pJepueis

‘sydesd
ul Ajuo synsaJ

Jodau jou pip Apnis T

pajuasaid saIpnis g

‘Papullq
9|8uls sem Apnis
T :suoijejiwl| sno

‘Papullq
9J3uls sem Apnis

1 :suopelwl| dwos

‘Papullq
9[3uls sem Apnis

T :SUOljE}WI| SWOS

‘suojje}iwi| SNoUas oN

uas  1DY € SVOM-W

10 ¥ Aels Jo yydua

10y 14 uoneqniu|

104 € dvdd

seiq Jo ysiy usisaq saipnis awodIno
Jo 'oN

juawssasse Ayjend

ASojopoyaw JAVYD dY} Aq PasSasse SSWO0DINO UleW J0) SdUSPIAS Jo Apogd 319V L



KUITUNEN ET AL.

- 1389
P\ LEY—

Heliox Standard therapy Risk Ratio Risk Ratio
Study or Subgroup Events Total  Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Cambhonie etal. 2006 1 10 1 9 16.7% 080[0.07,12.38)
Kim et al. 2011 1 34 0 35 7.8% 3.09[013,73.21] >
Lietetal. 2005 4 18 3 21 43.9% 1.56 [0.40, 6.05] — T
Seliem etal. 2019 2 52 2 52 31.7% 1.00[0.15, 6.83]
Total (95% CI) 114 117 100.0%  1.39[0.53,3.63] R
Total events 8 6
Heterogeneity: Chi*= 0.49, df= 3 (P =0.92); F=0% 0 405 042 é 250

Test for overall effect: Z= 0.67 (P = 0.50)

Favours Heliox Favours standar treatment

FIGURE 4 Need for endotracheal intubation. Heliox treatment compared to standard therapy. [Color figure can be viewed at

wileyonlinelibrary.com]

Heliox Standard therapy Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Random, 95% CI
Cambonie et al. 2006 35 007 9 3.2 036 10 31.8% 0.30[0.07, 0.53] -
Chowdhury et al. 2013 226 167 140 249 179 141 273% -0.23[063,017]
Kim etal. 2011 173 036 34 1.8 036 35 329% -0.07[-0.24,010]
Liet et al. 2005 6 318 3 1 21 7.9% 3.00[1.55, 4.45]
Total (95% Cl) 201 207 100.0% 0.25[-0.22,0.71]

Heterogeneity: Tau®= 0.16; Chi*= 24.27, df= 3 (P < 0.0001); F= 88%
Test for averall effect: Z=1.04 (P = 0.30)

-4 -2 4
Favours Heliox Favours Standard therapy

FIGURE 5 Pediatric intensive care unit or ward treatment duration in days. Heliox treatment compared to standard therapy. [Color figure

can be viewed at wileyonlinelibrary.com]

Heliox Standard Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Camhonie et al. 2006 -2.35 035 10 -0.05 0.01 9 264% -230[252-2.08) -
Kim et al. 2011 -1.84 0.32 34 -0.31 008 35 27.0% -1.53[1.64,-1.42) -
Seliemetal. 2018 -3.3 065 24  -14 086 24 244% -1.90[-2.33,-1.47] ——
Seliem etal. 2019 01 17 52 -01 14 52 222% 0.20-0.40, 0.80] i
Total (95% Cl) 120 120 100.0% -1.44[-2.10,-0.78] -
Heterogeneity: Tau®= 0.41; Chi*= 76.95, df= 3 (P < 0.00001); F= 96% _54 _52 ) é jt
Testfor overall effect Z= 4.28 (P < 0.0001) Favours Heliox Favours Standard therapy

FIGURE 6 Change in modified Woods Clinical Asthma Scale score from baseline 1 and 4 h after the initiation of treatment. Heliox treatment
compared to standard therapy. [Color figure can be viewed at wileyonlinelibrary.com]

4.3 | Protocol deviations

We planned to perform a subgroup analysis of patients with and
without RSV. In a study by Chowdhury et al., heliox was more
effective in treating RSV bronchiolitis than other viral etiologies.*”
Unfortunately, due to limited reporting, it was not possible to
conduct this subgroup analysis as planned. Furthermore, we planned
to analyze preterm or ex-preterm neonates separately; however, this
information was only reported in one study.?

4.4 | Limitations

The limitations of the study are the heterogenicity between the
original publications and the relatively high risk of bias. It is
important to recognize that the patients were not uniformly ill at the
time of randomization. All patients had a clinical diagnosis of
bronchiolitis and respiratory distress. However, some of the studies
were performed in the emergency department and all patients did
not need supplemental oxygen. The majority of patients had only

mild, although clinically significant, symptoms at the time of
randomization. Typical M-WCAS was 3-5, indicating relatively mild
symptoms. A high percentage of patients recovering without CPAP
or intubation in both groups also supported the predomination of
relatively mild cases.’>'”*® Another limitation was the lack of
reported adverse events and readmissions in the majority of the
included studies. Furthermore, it must be noted that the minimal
important difference in the M-WCAS score has not been previously
studied,?” although M-WCAS has been validated for the assessment
of bronchiolitis.*°

The power calculations of the studies were designed mostly to
study the length of hospital stay or reduction in M-WCAS score, and
not intubation rates nor the need for CPAP. To address these
relatively rare outcomes, enroliment of larger patient populations
with more severe symptoms is needed, as the risk for intubation in
our meta-analysis was approximately 7%. To detect a relevant
absolute risk reduction of 3.5% (relative risk reduction of 50%) in the
need for intubation with a 1:1 designed RCT, 650 infants per group
would be needed (standard alpha 0.05 and power 0.80 in sample size
calculation). In this scenario, the number needed to treat to avoid
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single intubation would be 28. It remains to be seen whether infants
with more severe symptoms would benefit from symptom alleviation
and whether this would be associated with a reduced need for
escalation of care.

An additional weakness of this meta-analysis is that in the
original studies, the criteria for the initiation of CPAP and invasive
mechanical ventilation were not uniformly specified. Furthermore,
the design of the original publications did not allow subgroup
analyses in prematurely born infants with chronic bronchopul-
monary dysplasia or in infants with heart failure. This warrants
future studies.

The results of this study are in line with a previously published
meta-analysis.'® The previous Cochrane meta-analysis included both
crossover and parallel designed studies, whereas our meta-analysis
included only parallel designed studies. Crossover design is prone to
bias due to the possible carryover effect and therefore we decided to
leave them out of our meta-analysis and especially as two of the
included crossover trials were unblinded.*®

In conclusion, we found low-quality evidence that heliox does
not reduce the need for CPAP, intubation, or length of hospitalization
in infant bronchiolitis. Although heliox seems to have short-term
effects in relieving respiratory distress symptoms rapidly after its
initiation, it does not have a positive effect on clinically relevant
outcomes compared to standard treatment with an air-oxygen
mixture. The included studies had high heterogeneity in their
methods and selected outcome measures. A well-designed RCT in
patients with severe bronchiolitis and proper, tight-fitting face mask
administration is needed to assess whether heliox would reduce the
need for CPAP or endotracheal intubation.
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