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ABSTRACT

Background To assess the published evidence to
establish the efficacy and safety of high flow oxygen
cannula (HFNC) as respiratory support for children up to
24 months of age with bronchiolitis within acute hospital
settings.
Methods We searched eight databases up to March 2021.
Studies including children up to 24 months of age with
a diagnosis of bronchiolitis recruited to an randomised
►► Additional online
controlled trial were considered in the full meta-analysis.
supplemental material is
At least one arm of the study must include HFNC as
published online only. To
respiratory support and report at least one of the outcomes
view, please visit the journal
of interest. Studies were identified and extracted by two
online (http://dx.doi.org/10.
reviewers. Data were analysed using Review Manager
1136/bmjresp-2020-000844).
V.5.4.
Results From 2943 article titles, 308 full articles were
CD and BJS are joint first
screened for inclusion. 23 studies met the inclusion
authors.
criteria, 15 were included in the metanalyses. Four studies
reported on treatment failure rates when comparing
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HFNC to standard oxygen therapy (SOT). Data suggests
Accepted 11 July 2021
HFNC is superior to SOT (OR 0.45, 95% CI 0.36 to 0.57).
Four studies reported on treatment failure rates when
comparing HFNC to continuous positive airways pressure
(CPAP). No significant difference was found between CPAP
and HFNC (OR 1.64, 95% CI 0.96 to 2.79; p=0.07). Four
studies report on adverse outcomes when comparing
HFNC to SOT. No significant difference was found between
HFNC & SOT (OR 1.47, 95% CI 0.54 to 3.99).
Conclusion HFNC is superior to SOT in terms of treatment
failure and there is no significant difference between HFNC
and CPAP in terms of treatment failure. The results suggest
HFNC is safe to use in acute hospital settings.
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INTRODUCTION
Viral bronchiolitis is a common condition
in young children, causing a huge global
burden of disease. Annually, an estimated
3.4 million hospitalisations and 199 000
deaths worldwide are as a result of respiratory
syncytial virus,1 which is the most common
cause of bronchiolitis. In England, bronchiolitis results in an estimated 46 admissions
per 1000 infants under 1 year of age.2 A small
number of these require intensive care, and
bronchiolitis results in an estimated 8% of
all paediatric intensive care unit (PICU)

Key messages
►► Given the trend towards increasing use of high flow

oxygen cannula (HFNC) in the ward setting and the
lack of clear evidence demonstrating its benefit, this
review seeks to assess the available published evidence to establish the efficacy and safety of HFNC
as respiratory support for children up to 24 months
of age with bronchiolitis specifically in an acute hospital setting.
►► Our review confirms that HFNC is superior to standard oxygen therapy in terms of treatment failure
and length of oxygen therapy and length of hospital
stay. It also suggests that HFNC is safe in acute hospital settings.
►► It is important for future studies to focus on identifying cohorts of patients with bronchiolitis who will
benefit most from HFNC and to provide evidence for
the best method of weaning patients off HFNC to further help improve outcomes.

admissions annually2 and it has been shown
these numbers are rising over the last decade.3
Bronchiolitis is one of the most common
causes of emergency admissions to PICU.
To date, there has been no demonstration of benefit from beta‐agonists, corticosteroids, epinephrine, antibiotics, antivirals
or hypertonic saline.4 Thus, management
recommendations are based on supportive
therapy including adequate hydration and
where necessary respiratory support, which
is reflected in UK guidelines.5 Though there
are no proven treatments reducing the length
of the disease, a key focus of clinical research
has been the avoidance of complications,
notably admission to PICU (an indication of
treatment failure) and possible intubation.
In recent years, there has been increasing
interest in using nasal high flow oxygen
cannula (HFNC) as a treatment for bronchiolitis. It delivers a heated, humidified, air-
oxygen mixture through nasal cannula.6 It is
widely used internationally in the treatment
of bronchiolitis, and increasingly has moved
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from the PICU where it was introduced, to the paediatric
wards and emergency departments (EDs),4 7 where it is
being used as first-line treatment.8 Emerging evidence
from small observational studies has pointed to the safety
of HFNC in the less closely monitored ward setting as
opposed to PICU,8–11 and others have retrospectively
identified potential reasons for failure of ward-
based
HFNC therapy.12
However, this trend towards increasing use of HFNC
outside of PICU is despite a lack of clear evidence demonstrating its superiority over conventional treatments,
specifically standard oxygen therapy (SOT) and continuous positive airways pressure (CPAP). Given the trend
towards increasing use of HFNC in the acute settings and
the lack of clear evidence demonstrating its benefit, this
review seeks to assess the available published evidence to

establish the efficacy and safety of HFNC as respiratory
support for children up to 24 months of age with bronchiolitis specifically in an acute hospital setting.
This systematic review also collated information on clinical guidance for the use of high flow for patients with bronchiolitis being treated in different acute settings. Published
studies have used different protocols for the use of HFNC
in clinical trials, but there is no established consensus on
appropriate flow rates or when to initiate therapy.4 6 13 Similarly weaning protocols differ in clinical trials, and reviews
of clinical practice show wider variation.14 There is an
increasing requirement for protocols for the use of HFNC
particularly weaning of HFNC, which may help to reduce
hospital length of stay.15 We, therefore, aimed to collate any
clinical recommendations on the use of HFNC including
weaning on paediatric wards from all the studies read as part
of the systematic review process.
METHODS
Protocol and registration
The protocol is given in online supplemental and is registered with the PROSPERO International Prospective
Register of Systematic Reviews.
Search strategy
We developed a search strategy (online supplemental) by
using key words and medical subject headings terms. The
search strategy was run in November 2019 in eight databases: CINAHL, Embase, HMIC Health Management Information Consortium, Medline, Medline in Process, Scopus,
OpenSIGLE, Web of Knowledge. The search strategy was
rerun in March 2021 in the same eight databases. Articles
from all countries but limited to English were included.
Inclusion criteria
Prospective, randomised or quasi-randomised controlled
trials (RCTs) including children up to 24 months of
age with a diagnosis of bronchiolitis were considered in
the full meta-analysis. At least one arm of the trial must
include HFNC as respiratory support. The trial must also
report at least one of the outcomes of interest (any death
in hospital; death before discharge; any air leak, pneumothorax, or pulmonary interstitial emphysema; failure
of therapy within 3 days; failure of therapy within 7 days;
nasal trauma, patient comfort; length of stay, length of
oxygen supplementation; transfer to PICU; incidence of
intubation; length of non-invasive ventilation; respiratory
rate, heart rate, arterial carbon dioxide tension, arterial
oxygen tension and pulse oxygen saturation or adverse
events). Studies from any acute hospital setting; paediatric ED, wards or intensive care were included.

Figure 1

2

Study selection results.

Study selection
Two reviewers (CD and BJS) independently screened each
reference title and abstract (if available) using the inclusion
criteria. Complete papers were obtained for those that met
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Figure 2 Comparison of high-flow nasal cannula (HFNC) versus SOT and Oxymask: treatment failure. M-H, Mantel-
Haenszel; SOT, standard oxygen therapy.

the inclusion criteria. The reviewers then screened the full
paper using the inclusion criteria. Papers that did not meet
the inclusion criteria were excluded. Where there was disagreement on inclusion a third reviewer (MOE) applied the
inclusion criteria and made a decision.
Data collection process
Data were collected using a data extraction form which
is given in online supplemental. Data extraction was
performed by one reviewer (SJK). A second reviewer (CD
or BJS) independently data extracted from a sample of
papers to cross-check for accuracy.
Assessment of study quality
Assessment of bias was conducted using a domain-based
flowsheet given in online supplemental by one reviewer
(CD or BJS). We specifically looked at selection bias,
performance bias, attrition bias, reporting bias, any other
form of bias specific to the study design. Minimum score
was 6 (low quality) and maximum 20 (high quality).
Outcomes
The primary outcomes were failure of treatment of
HFNC or SOT in ward or paediatric ED settings and rates
of admission to PICU. Failure of therapy varied between

studies but was generally considered as need to escalate
respiratory support to HFNC from SOT or CPAP from
HFNC or intubation from SOT, HFNC or CPAP. Data
on several secondary outcomes were collected including
intubation rates, and respiratory outcomes (respiratory
complications such as pneumothorax, mode, and length
of respiratory support and length of stay in hospital). As
part of a subgroup analysis, we analysed studies that were
conducted on paediatric wards or ED only.
Statistical analysis
Statistical analysis was performed using Review Manager
(RevMan V.5.4). Dichotomous data (mortality, air leak,
nasal trauma, incidence of intubation, escalation of care)
was calculated using risk ratio. Continuous outcomes
(length of treatment with supplemental oxygen, length
of non-invasive ventilation, length of stay, physiological
parameters, patient comfort score) was calculated using
mean difference, or standardised mean difference if the
unit of measurement is different from study to study.
95% CIs were used and a p value of<0.05 considered
significant. Heterogenicity (I2 among studies were calculated and considered significant if >50%. Fixed-effects
model was used if there is a low chance of heterogenicity
(<49%), and a random-effects model used for a high
chance of heterogenicity. The method of Wan et al was

Figure 3 Comparison of high-flow nasal cannula (HFNC) versus CPAP outcome: treatment failure. CPAP, continuous positive
airways pressure; M-H, Mantel-Haenszel.
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used to convert the medians to means where possible for
included articles16–19 reporting median values.20
RESULTS
Literature search
The search strategy identified 2943 titles and abstracts
after duplicates were deleted; 308 full articles were
screened, and 23 met the inclusion criteria.16–19 21–39 8
were excluded from the meta-analyses as they had insufficient data28–32 34–36 and 15 were included in the meta-
analyses (figure 1).16–19 21–27 33 37–39
Characteristics of included studies
Characteristics of the included studies are given in online
supplemental table 1. Studies were published between
2012 and 2021 inclusive. The included children were
aged up to 24 months and studies were carried out in
different countries.
Meta-analysis of outcomes
Four studies reported on treatment failure rates (definition of failure included in online supplemental table
1) when comparing HFNC to SOT18 21 22 37 with another
one study comparing HFNC to oxygen delivered through
oxymasks (a face mask for delivering oxygen that uses a
‘diffuser'’to concentrate and direct oxygen toward the
nose and mouth, thus delivering high concentrations of
oxygen at low flow).17 The pooled data suggest that HFNC
is superior to SOT therapy in avoiding treatment failure
(OR 0.44, 95% CI 0.35 to 0.55, p <0.00001) (figure 2).
Four studies reported on treatment failure rates when
comparing HFNC to CPAP.16 23 24 39 The pooled data show
no significant difference between CPAP and HFNC (OR
1.64, 95% CI 0.96 to 2.79; p=0.07) (figure 3). Heterogeneity was insignificant (I2=0%). Total number of patients

included across the three studies were low (142 in HFNC
and 143 in CPAP groups). To note the largest study by
Milési et al showed a significant difference (OR 2.29,
95% CI 1.15 to 4.55).23
Seven studies reported on rates of admission to PICU
when comparing HFNC to SOT.18 22 25–27 37 38 There was no
significant difference in the pooled data favouring either
HFNC or SOT (OR 1.10, 95% CI 0.84 to 1.42, p=0.49)
(figure 4—2.2.1). If another study19 which compared
HFNC to SOT combined with hypertonic saline is
included there is a similar null result (OR 1.11, 95% CI
0.86 to 1.43, p=0.44).
Four studies reported on rates of intubation when
comparing HFNC to SOT.21 22 33 37 The pooled data do
not suggest any significant difference between HFNC
and SOT (OR 0.94, 95% CI 0.42 to 2.13, p=0.17) (online
supplemental figure 1). The statistics remain identical if
the study including oxymasks is included due to no intubations in either arm of their study.
Three papers report on the rates of intubation when
comparing HFNC to CPAP16 23 24 and suggest no significant difference (OR 1.78, 95% CI 0.68 to 4.69, p=0.92)
(online supplemental figure 2).
Six papers compared total length of stay (in days)
between HFNC and SOT18 22 27 33 37 38 and the pool data
showed a significant difference in favour of HFNC (MD
−0.17, 95% CI 0.33 to −0.01, p<0.00001) (figure 5—2.3.1).
The difference increases when the studies on SOT+
oxymask17 and SOT+ hypertonic saline19 are included
(MD −0.33, 95% CI −0.48 to −0.18, p=<0.00001) (figure 5).
Heterogeneity was significant (I2=93.4%).
Six papers compare total oxygen therapy (in days)
between HFNC and SOT, with an additional paper
comparing HFNC and SOT+oxymask.17 18 22 27 33 37 38 The
pooled data favours HFNC (MD −0.08, 95% CI −0.11 to
–0.04, p<0.00001) (online supplemental figure 3).

Figure 4 Comparison of high-flow nasal cannula (HFNC) versus SOT and HSS outcome: rates of admission to PICU. M-H,
Mantel-Haenszel; PICU, paediatric intensive care unit; SOT, standard oxygen therapy.
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Figure 5 Comparison of high-flow nasal cannula (HFNC) versus SOT, Oxymask and HSS outcome: total length of stay days.
SOT, standard oxygen therapy.

Four papers are included in the meta-analysis comparing
adverse effects between HFNC and SOT.18 22 25 37 There
is no significant difference between HFNC and SOT
(OR 1.47, 95% CI 0.54 to 3.99, p=0.45) (figure 6). Two
studies reported no adverse effects in either group.19 25
Unfortunately, this means they cannot be included in the
meta-analysis but support the safety profile of HFNC. Two
papers compare rates of nasal trauma between HFNC and
CPAP.23 24 HFNC causes less nasal trauma than CPAP (OR
0.20, 95% CI 0.06 to 0.63, p=0.006) (online supplemental
figure 4). There is no significant heterogeneity (I2=0%).
Subgroup analysis
We analysed studies that were based on general paediatric wards including ED and excluding those conducted
in PICU. All these studies compared HFNC to SOT
(including SOT with hypertonic saline).18 22 27 33 37 38

HFNC continues to be superior to SOT with regards to
treatment failure rates (OR 0.46, 95% CI 0.36 to 0.59,
p<0.00001) with heterogeneity being 6% (figure 7). The
data for duration of oxygen therapy remains significant,
favouring HFNC (MD −0.07, 95% CI −0.11 to −0.03,
p=0.0002) (figure 8). The data for adverse events do not
differ to the original analysis.
QUALITY
Quality scores ranged from 9 to 17 out of 20 and the score
for each study is given in online supplemental table 1. Only
one study scored less than 10 and so maybe considered
lower quality compared with the other studies included.
GUIDELINES
No paper in our systematic review includes guidelines on
the use of HFNC in bronchiolitis. There are differences

Figure 6 Comparison of high-flow nasal cannula (HFNC) versus SOT and HSS outcome: adverse effects. M-H, Mantel-
Haenszel; SOT, standard oxygen therapy.
Dafydd C, et al. BMJ Open Resp Res 2021;8:e000844. doi:10.1136/bmjresp-2020-000844
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Figure 7 Comparison of high-flow nasal cannula (HFNC) versus SOT on the wards: treatment failure. M-H, Mantel-Haenszel;
SOT, standard oxygen therapy.

between studies on when HFNC should be initiated,
which cohort of patients to use HFNC on, what flow rates
to use and how to wean off the HFNC.
DISCUSSION
We believe our systematic review and meta-analysis is the
most comprehensive and up to date, including a wider
range of studies and having searched a greater number of
database than other recent systematic reviews on HFNC
in bronchiolitis.6 40 41 This resulted in the inclusion of 23
studies, more than double other recent systematic reviews
with 15 studies included in the meta-analysis.6 40 This is
a strength of this systematic review and meta-analysis,
which further helps to support the evidence basis to use
HFNC in bronchiolitis in acute hospital settings other
than PICU.
HFNC has become increasingly popular over the last
decade and its use has moved from the traditional PICU/
HDU setting to the general paediatric ward.8 42 This led
to the reporting of the efficacy and safety of HFNC as a
form of respiratory support for children with bronchiolitis, although mainly in the PICU/HDU setting. A 2019
systematic review and meta-analysis5 found nine RCTs
comparing HFNC to CPAP or SOT and found no demonstrable difference in length of stay, length of supplemental
oxygen supplementation or transfer to PICU. There was a
demonstration of superiority of HFNC over SOT in terms
of treatment failure, but inferiority compared with CPAP.
The emerging consensus is for HFNC as a rescue therapy

for those children not supported by SOT,11 but new trials
have been published since. Our review confirms that
HFNC is superior to SOT in terms of treatment failure. It
also importantly demonstrated a trend towards reduced
length of stay and oxygen therapy in favour of HFNC
compared with SOT. Interestingly the review also showed
no difference between CPAP and HFNC in terms of
treatment failure or intubation rates, but there were low
numbers in all three studies included and only one study
showed a significant difference.23
Treatment failure and rates of admission to PICU
have often been reported as the primary outcomes in
studies looking at the effects of HFNC in bronchiolitis
and are the outcomes of interest for this review. We
report that HFNC was superior to SOT for treatment
failure, length of stay and length of oxygen therapy but
showed no difference for PICU admissions nor rates of
intubation.
However, the definition of treatment failure was not
homogenous. In most studies who included treatment
failure as an outcome there was an option for individual
clinicians to independently decide that participants
had failed a particular therapy, in addition to objective
markers such as worsening of physiological parameters.
This potentially creates significant bias and is a limitation
of this systematic review and meta-analysis. As with other
systematic reviews we were limited by the data reported
in the included studies, and also how the data were
reported.

Figure 8 Comparison of high-flow nasal cannula (HFNC) versus SOT on the wards: total O2 therapy in days. SOT, standard
oxygen therapy.
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Treatment failure as a subjective outcome therefore
does not provide hard evidence to support the use of
HFNC over SOT where there is no correlation outcomes
which directly affect patient outcome and cost, such as
PICU admission or length of stay, and it limits the validity
of treatment failure as a research outcome. Many of the
studies included in this systemic review also focused on
other physiological outcomes such as respiratory rate or
heart rate, but these are also not useful for determining
if HFNC is beneficial for patients. It is therefore recommended that a scoring system for bronchiolitis is established that can then be used to provide consistency in
research studies.
The rates of admission to PICU were not significantly
different between HFNC and SOT. Importantly however,
not all studies differentiated between HDU and PICU
level care. It is for this reason that rates of intubation
are likely to reflect more accurately the need for PICU
as opposed to HDU care, and there was no difference
in the rates of intubation between HFNC and SOT, or
HFNC and CPAP. This implies that there may be a large
degree of subjectivity involved in escalating patients from
paediatric wards to PICU or HDU level care and in terms
of respiratory support. If we consider avoiding PICU
admission to be a major goal of therapy for bronchiolitis,
especially in terms of cost, the potential decision to admit
is a very important one. Research assessing this outcome
should consider using a scoring system to provide consistency in clinical practise.
Our sub-analysis was to establish the safety of HFNC on
general paediatric wards. The results show HFNC superiority over SOT in treatment failure rates and duration of
oxygen therapy, no difference in intubation rates (HFNC
vs SOT; HFNC vs CPAP), and the lack of adverse events
support its safety profile and use on the general paediatric ward. So HFNC is safe to use but how and when
should it be used.
Surprisingly our systematic review is the first to demonstrate a difference for total length of stay between HFNC
and SOT, which has the potential to be cost saving. This is
important as various factors can influence the total length
of stay. We argue that the most significant influence is
individual studies’ guidance on commencing HFNC,
the flow rates used, and the protocol for weaning—if
any. Clearer guidance is required on the use of high
flow to optimise its use, and further evidence is needed
to establish weaning protocols. There is also a need to
understand if any specific method of weaning leads to a
reduction in length of stay. This has the potential to lead
to even greater differences in the total length of stay and
possible cost benefits.
Studies have attempted to identify the optimal flow
rate, including three studies in our review. It is difficult
to draw any substantial conclusion due to the variety of
flow rates used. However, higher flow rates seem to be
more favourable. It is not possible to provide clear guidance from the available evidence on how to start HFNC.
However, the majority of studies recommended using

HFNC as a rescue therapy and starting on a flow rate of
2 L/kg/min.
HFNC devices are relatively expensive, with the added
cost of consumables for every new patient. Cost-effective
analysis was not part of our inclusion criteria and only
one study details their health economic estimates.18
Their results of less treatment failure of the HFNC group
led to their suggestion that HFNC can be cost effective
due to reduced PICU admissions. A recent, within study
analysis, of one of the included studies found that there
was only a small chance of cost savings with early HFNC
use compared with rescue HFNC.43 44 The studies that
looked at the use of high flow as rescue therapy for
patients deteriorating on SOT found that it was effective in 61% and 62.5% of cases.18 43 This suggests that
HFNC’s best role might not be as routine use, but as
rescue therapy for those failing on SOT. It has also been
shown to be safe and there is no difference in adverse
events.

CONCLUSION
It is important for future studies to focus on identifying
cohorts of patients with bronchiolitis who will benefit
most from HFNC and to provide evidence for the best
method of weaning patients off HFNC. By identifying the
ideal cohort of patients and potentially speeding up the
weaning process, this could lead to improved outcomes
when using HFNC compared with SOT. However, these
studies will only be possible if a standardised bronchiolitis
scoring system is developed and introduced for routine
clinical practise and research use.
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