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Outcomes of High-Flow Nasal
Cannula Vs. Nasal Continuous
Positive Airway Pressure in Young
Children With Respiratory Distress: A
Systematic Review and
Meta-Analysis

Xueqin Zhao, Qiaozhi Qin and Xian Zhang*

Department of Pediatric, Northern Jiangsu People’s Hospital, Yangzhou, China

Background: Continuous positive airway pressure (CPAP) has been associated with a
lower risk of treatment failure than high-flow nasal cannula (HFNC) in pediatric patients
with respiratory distress and severe hypoxemia. However, the publication of new trials
on children younger than 2 years warrants a review and updated meta-analysis of
the evidence.

Methods: We conducted a systematic search in the PubMed, Scopus, and Google
scholar databases for randomized controlled trials (RCTs) in pediatric patients with acute
respiratory distress that examined outcomes of interest by the two usual management
modalities (CPAP and HFNC). We used pooled adjusted relative risks (RRs) to present the
strength of association for categorical outcomes and weighted mean differences (WMDs)
for continuous outcomes.

Results: We included data from six articles in the meta-analysis. The quality of
the studies was deemed good. Included studies had infants with either acute viral
bronchiolitis or pneumonia. Compared to CPAP, HFNC treatment carried a significantly
higher risk of treatment failure [RR, 1.45; 95% Cl, 1.06 to 1.99; # = 0.0%, n
6]. Patients receiving HFNC had a lower risk of adverse events, mainly nasal trauma
[RR, 0.30; 95% Cl, 0.14 to 0.62; /> = 0.0%, n = 2] than the others. The risk of
mortality [RR, 3.33; 95% Cl, 0.95, 11.67; n = 1] and need for intubation [RR, 1.69;
95% ClI, 0.97, 2.94; I 0.0%, n = 5] were statistically similar between the two
management strategies; however, the direction of the pooled effect sizes is indicative
of a nearly three times higher mortality and two times higher risk of intubation in
those receiving HFNC. We found no statistically significant differences between the two
management modalities in terms of modified woods clinical asthma score (M-WCAS;
denoting severity of respiratory distress) and hospitalization length (days). Patients
receiving HFNC had the time to treatment failure reduced by approximately 3h [WMD,
—3.35; 95% Cl, —4.93 to —1.76; > = 0.0%, n = 2] compared to those on CPAP.
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Conclusions: Among children with respiratory distress younger than 2 years, HFNC
appears to be associated with higher risk of treatment failure and possibly, an increased
risk of need for intubation and mortality. Adequately powered trials are needed to confirm
which management strategy is better.

Keywords: continuous positive airway pressure (CPAP), high-flow nasal cannula (HFNC), acute respiratory
distress, young children, bronchiolitis, pneumonia, meta-analysis

INTRODUCTION

Acute bronchiolitis and pneumonia are major respiratory failure
causes in children and infants (1, 2). Approximately 15-20% of
affected children require respiratory support and intensive care
due to a rapid emergence of respiratory distress (3, 4). Pneumonia
and bronchiolitis are major causes of death in children under
5 years; and, approximately 1-1.5 million children die annually
of pneumonia worldwide (this number includes ~200,000 cases
with bronchiolitis) (3, 5). The World Health Organization and
the American Academy of Pediatrics (AAP) both recommend
oxygen supplementation at an arterial pulse oximetry (SpO;)
lower than 90% because oxygen supply in children with acute
lower respiratory tract infection is associated with reduced
mortality (6-8).

Different modalities for oxygen supplementation in
children exist. The standard flow oxygen therapy (through
a standard nasal cannula) provides oxygen without the need
for humidification when the oxygen flow is either low (i.e., 1-2
L/min) or the room air has high humidity (6, 9). On the other
hand, high flow rates usually require humidification due to the
drying effect of non-humidified cold oxygen on nasal secretions
and the respiratory mucosa (10). High-flow nasal cannula
(HFNC) oxygen therapy delivers warm and humidified oxygen
at a higher flow than the normal inspiratory flow (11). Studies
have suggested its usefulness for improving oxygenation and
alleviating the requirement for mechanical ventilation in children
with respiratory distress (12-14). The nasal continuous positive
airway pressure (CPAP) is another management modality limited
in resource-constrained settings and usually requiring technical
skills along with adequate maintenance. Continuous positive
airway pressure combines supplemental oxygen with a positive
end-expiratory pressure (PEEP); it has been shown to reduce the
ventilation need duration and the overall hospitalization length
in children with severe bronchiolitis (15, 16).

Both CPAP and HENC are high flow systems and are capable
of generating PEEP (17). High-flow nasal cannula is considered
to be a less invasive procedure than CPAP, better tolerated and
comparatively easy to perform (18). This probably makes HFNC
a preferred procedure of choice in young children. One of the
important differences between these two procedures is that CPAP
employs an integrated pressure release valvular system, whereas
in HENC, the release of pressure is via the leak at the nares-
prong interface and through the mouth (17). The lack of the
ability to regulate the pressure delivered to the airways in HFNC
may run the risk of delivering high pressures at high flow rates
if the leak is compromised (19, 20). High-flow nasal cannula is

thought to work through increasing the oxygen fraction in the
alveoli by washout of the nasopharyngeal dead space, reducing
the inspiratory resistance, improvement of airway conductance
and by providing an end-distending pressure to the lungs (21-
23). On similar lines, CPAP decreases the inspiratory resistance,
reduces atelectasis, reduces alveolar resistance, increases surface
area of alveoli, and enhances ventilation and perfusion (V/Q)
matching through PEEP (24, 25).

Studies, both observational and randomized controlled trials
(RCTs), have been published previously that compared outcomes
among children receiving HFNC and CPAP. A retrospective
record-based study to compare CPAP with HENC among
infants with acute bronchiolitis found no significant difference
in length of hospital stay, respiratory rate, PaCO,, FiO,, or
duration of oxygen supply among the two groups (26). The
authors concluded no difference between the two modalities
in the management of children with severe bronchiolitis.
Another observational study compared the two modalities
among children with moderate to severe respiratory distress
(27). The study found no significant difference with respect to
respiratory rate and arterial oxygen saturation between the two
groups. Around one-quarter (26%) of children in HFNC groups
required escalation of respiratory support as against around one-
fifth (18%) in CPAP group (P of 0.27). A retrospective study by
Pederson et al. in a sample of 49 children with median age of
1.9 months found no difference in length of treatment, hospital
stay, complication rate and transmission to intensive care unit
between the CPAP and HFNC groups (17). However, CPAP was
more effective than HFNC in decreasing respiratory rate and
FiO,. RCTs among preterm neonates have indicated that HFNC
had effects similar or inferior to CPAP (13, 28, 29).

A meta-analysis by Luo et al. compared the outcomes in
pediatric patients with respiratory distress after HFNC and CPAP
(30), but included data from four studies only. The findings
indicate that HFNC had an increased risk of treatment failure and
a lower risk of nasal trauma compared with CPAP. No significant
differences were found in intubation rates and mortality between
the HENC and CPAP groups. Another recent review by Lin et al.,
involving 2,121 children from nine randomized trials found a
significant increase of the incidence of treatment failure [Relative
risk (RR) of 1.61] in children receiving HFNC compared with
those receiving CPAP (31). However, the review noted no other
significant difference in other outcomes such as length of hospital
stay, incidence of need for intubation, respiratory rate, SpO, and
adverse events between the two groups. The publication of new
RCTs warrants an update of the previous evidence on this issue.
Therefore, we compared HFNC and CPAP outcomes in pediatric
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patients with respiratory distress by pooling data from RCTs and
performing a meta-analysis.

MATERIALS AND METHODS

Search Strategy

Our study processes complied with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses)
guidelines (32). We carried out a thorough systematic search
of English language papers published until 15™ April 2021
on electronic search engines (PubMed, Scopus, and Google
academic databases). We used medical subject headings (MeSH)
terminology as well as free text words. Supplementary Table 1
presents the search strategy details. The literature search aimed
at identifying studies on pediatric populations with acute
respiratory distress that compared outcomes of interest after
treatments with either CPAP or HFNC. The primary outcomes
of interest were treatment failure, intubation need, mortality,
and any adverse events. Secondary outcomes were treatment
duration, respiratory distress severity, hospitalization length,
time to treatment failure, respiratory rate, and blood gas
parameters (SpO2, PaCO;, PaO,, and FiO;).

Selection Criteria and Methods

Two subject experts from the team reviewed the studies in the
initial search results after removing duplicates; they initially
screened the titles and abstracts and then reviewed the full text
of candidate studies. Disagreements in the inclusion of studies
were resolved through discussions between the authors. We only
included those studies that fulfilled the inclusion criteria in the
meta-analysis. We also checked the reference list of the studies
included to identify additional literature.

Inclusion Criteria

We considered only RCTs for inclusion. The trials had to include
pediatric patients with acute respiratory distress and they had
to have examined the outcomes of interest after use of CPAP
or HENC.

Exclusion Criteria

We excluded studies with other designs (cohorts, cross-sectional,
or case-report studies, or reviews). In addition, we excluded
studies that failed to provide data on the outcomes of interest
or that did not include comparative findings between CPAP
and HENC.

Total search results after
exclusion of duplicates
(n=1297)

| Titles screened (n=1297) |

v
| Abstracts screened (n= 87) |

Excluded during title
screening (n=1210)

A

Full text articles assessed
for eligibility (n=14)

Excluded during abstract screening;( n=73)
Comparison between HFNC and CPAP not
mentioned: 42

Study not done in paediatric population: 27
Review article/case reports/commentary: 4

Excluded during full text screening (n=08)
Comparison between HFNC and CPAP not
mentioned: 03

Majority of the subjects included were
post-extubation=01

Non-randomized controlled trial: 04

Studies included in review (n=6)

FIGURE 1 | Selection process of the studies included in the review.

Frontiers in Pediatrics | www.frontiersin.org

November 2021 | Volume 9 | Article 759297


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

BIO"UISIOUOL MMM | SOLIBIPad Ul SISIUOI-

/626G 801Uy | 6 8WN|OA | 1202 JequienoN

TABLE 1 | Characteristics of the studies included in the meta-analysis.

Reference Study design Country Participant Devices and process used Sample size Key outcome (HFNC vs. CPAP)
characteristics
Vahlkvist et al. Prospective Denmark Infants and young children CPAP: binasal prong with a Benveniste 50 (22 with high flow Mean (SD) treatment duration (in): 95 (27.7) vs.
(35) open with bronchiolitis, median valve connected to a humidifier was used.  oxygenation therapy, HFNC 70 (39)
randomized trial age of around 2 months, The initial flow was 12-14 L/min. and 28 with continuous Treatment failure: RR 0.64 (95% Cl: 0.13, 3.16)
mean weight of 5.2 kg, and HFNC: Optiflow Junior was used. Three positive airway pressure, Mean (SD) modified woods clinical asthma
90% RSV positive sizes of nasal prongs were used, CPAP) score (M-WCAS) at 48 h of treatment: 2 (0.9) vs.
according to the weight of the child. The 1.5 (1.0)
initial flow was 2 L/kg/min. Neonatal infant pain score (mean, SD) at 48 h
In both systems, flow could be increased of treatment: 0.4 (1.0) vs. 0.5 (1.0)
to @ maximum of 15/L/min and oxygen Mean (SD) respiratory rate at 48 h of treatment:
supply delivered as needed to maintain a 45 (10) vs. 43 (12)
SpO, above 92%. Mean (SD) PaCO, (mm Hg) at 48 h of
treatment: 46.5 (1.1) vs. 47.3 (1.5)
Mean (SD) FiO; (%) at 48 h of treatment: 25 (4.6)
vs. 22 (5.1)
Cesar et al. (36) Randomized United States  Infants and young children CPAP group: properly sized soft 63 (35 with high flow Treatment failure: RR 1.10 (95% CI: 0.57, 2.12)
controlled trial with critical bronchiolitis, anatomically curved nasal prongs. CPAP oxygenation therapy, HFNC  Need for intubation: RR 1.79 (95% Cl: 0.61, 5.24)
median age of 2.7 months, was generated through a Drager Evita 4 and 28 with continuous Mean (SD) modified woods clinical asthma
mean weight of 5.7 kg, and  ventilator outfitted with a heated humidifier. ~ positive airway pressure, score (M-WCAS) at end of treatment: 5 (0.33)
89% RSV positive CPAP was set at 6 cm Hp O for all patients.  CPAP) vs. 4.5 (0.17)
HFNC group: nasal cannula sized to Mean (SD) treatment duration (in h): 67 (11.2)
occlude no more than 50% of the vs. 56.12 (7.86)
cross-sectional area of the nostrils. HFNC Mean (SD) respiratory rate at end of treatment:
support provided through a dedicated 48.36 (11.2) vs. 45.22 (13.9)
hollow fiber heated humidified system with Mean (SD) FiO; (%) at end of treatment: 40 (2.0)
a disposable circuit. Flow was titrated up vs. 40 (3.0)
to a maximum of 1.5 L/kg/min, as needed, Mean (SD) SPO; (%) at end of treatment: 97
based on clinical assessment. (0.58) vs. 97 (0.38)
Both experimental groups: fraction of Mean (SD) time to treatment failure (in h): 15.2
inspired oxygen (FiO2) was adjusted to (2.1) vs. 18.8 (6.9)
achieve a SpOy, >93%. Mean (SD) length of hospital stay (in days): 9
(0.83) vs. 8 (0.67)
Liu et al. (37) Randomized China Infants and young children 84 (43 with high flow Treatment failure: RR 1.43 (95% Cl: 0.43, 4.70)

controlled trial

mild to moderate respiratory
failure due to pneumonia,
median age of 3 months,
44% females, mean weight
of 6.0kg, and 65% RSV
positive

CPAP group: the initial parameter was set
at 50-60% oxygen concentration, the
pressure was set at 4-6 cm H,O, and the
flow rate of oxygen supply was set at 5-10
L/min to maintain the transcutaneous
oxygen saturation >92-94%.

HFNC group: received Airvo2 type warm
humidification high flow double chamber
nasal oxygen therapy ventilator. The initial
parameter was set at 50-60% oxygen
concentration, and the inhaled oxygen
flow was set at 2 L/kg/min to a limit of 20
L/min to maintain the transcutaneous
oxygen saturation >92-9%.

oxygenation therapy, HFNC
and 41 with continuous
positive airway pressure,
CPAP)

Need for intubation: RR 1.41 (95% ClI: 0.45, 4.20)
Mean (SD) length of hospital stay (in days): 8
(0.33) vs. 8 (0.33)

Adverse events: RR 0.17 (95% CI: 0.04, 0.74)
Mean (SD) respiratory rate at 48 h of treatment:
51.5(8.2)vs. 51.5(5.7)

Mean (SD) SPO- (%) at 48 h of treatment: 95
(0.33) vs. 96 (0.33)

Mean (SD) PaCO, (mm Hg) at 48 h of
treatment: 40.5 (1.83) vs. 41 (1.33)

Mean (SD) PaO, (mm Hg) at 48 h of treatment:
91.5 (2.13) vs. 96 (6.87)

Use of sedatives: RR 0.48 (95% CI: 0.32, 0.71)

(Continued)
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TABLE 1 | Continued

Reference Study design Country Participant Devices and process used Sample size Key outcome (HFNC vs. CPAP)
characteristics
Chisti et al. (38) Randomized Bangladesh  Infants and young children Bubble CPAP system: constructed using 158 (79 with high flow Treatment failure: RR 2.00 (95% CI: 0.72, 5.59)
controlled trial with severe pneumonia and  standard nasal oxygen prongs, tubing oxygenation therapy, HFNC ~ Need for intubation: RR 2.00 (95% CI: 0.72, 5.59)
hypoxemia, median age of 7 used for administration of intravenous and 79 with continuous Mortality: RR 3.33 (95% CI: 0.95, 11.66)
months, 12% with fluids and a water-filled, transparent positive airway pressure, Mean (SD) length of hospital stay (in days): 5
bacteraemia shampoo bottle. Gas flow was provided CPAP) (0.67) vs. 5 (0.65)
by oxygen concentrators. The positive
end-expiratory pressure provided by CPAP
was started at 5cm H,O and increased up
to 10cm H, O if the child was not
responding.
HFNC: oxygen concentrator was used to
provide a mixture of air and oxygen of 2L
per kg of bodyweight per min up to a
maximum of 12 L/min. The high-flow
oxygen was passed through a
room-temperature water humidifier and
delivered via nasal oxygen prongs
Milesi et al. (39) Randomized France Infants and young children Two different systems used to generate 142 (71 with high flow Treatment failure: RR 1.64 (95% Cl: 1.08, 2.48)
controlled trial with severe acute viral NCPAP: the Infant Flow Ventilator and the oxygenation therapy, HFNC  Need for intubation: RR 1.67 (95% Cl: 0.41, 6.71)
bronchiolitis, mean age of FlexiTrunk infant interface connected to and 71 with continuous Mean (SD) time to treatment failure (in h): 6.7
40 days, mean weight of ventilator CPAP setups. Positive positive airway pressure, (5.7) vs. 9.7 (8.8)
4 kg, 88% with RSV continuous pressure was set at +7 CPAP) Mean (SD) length of hospital stay (in days): 6.2
cmH0. 6)vs. 7.5 (13)
HFNC: device used was the Optiflow. Flow Mean (SD) treatment duration (in h): 98.3 (100.6)
was delivered at 2 L/kg/min, with the vs. 72.9 (46.3)
device equipped with a pressure release Mean (SD) respiratory rate at end of treatment:
valve set at 45 cmH,0. 58 (21) vs. 46 (11)
In both groups, FiO, was titrated in order Mean (SD) modified woods clinical asthma
to achieve a SpO, of 94-97% and the score (M-WCAS) at end of treatment: 4 (1) vs.
humidifier was auto set at 37°C. 4 (1.0)
Sarkar et al. (40)  Randomized India Infants with acute 31 (15 with high flow Treatment failure: RR 1.07 (95% CI: 0.07, 15.57)

controlled trial

bronchiolitis, median age of
3.4 months

CPAP: CPAP started at 4cm H,O and
increased up to a maximum of 8 cm H,O.
Nasal prong or nasal mask of appropriate
size which was snugly fitted and produces
minimum leak and maximum comfort was
used as interface.

HFNC: provided continuously through
large bore binasal prongs, with a gas flow
rate of 2 L/kg/min for the children <10kg
and for children >10kg, 2 L/kg/min for the
first 10kg + 0.5 L/kg/min for each kg
above that and FiO» of 0.4 at initiation.

oxygenation therapy, HFNC
and 16 with continuous
positive airway pressure,
CPAP)

Need for intubation: RR 1.07 (95% CI: 0.07,
15.57)

Mean (SD) length of hospital stay (in days): 5
(1.6) vs. 5 (1.79)

Mean (SD) treatment duration (in h): 86.4 (15.12)
vs. 91.2 (19.2)

Adverse events (nasal injury): RR 0.36 (95% Cl:
0.15, 0.86)

Mean (SD) SPO, (%) at 48 h of treatment: 97.4
(1.22) vs. 97 (1.36)

Mean (SD) PaO, (mm Hg) at 48 h of treatment:
94.8 (5.14) vs. 98.4 (6.74)

Mean (SD) PaCO, (mm Hg) at 48 h of
treatment: 40 (4.4) vs. 37.2 (4.09)

(Continued)
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Data Extraction and Quality Assessment
Two study authors separately extracted the relevant data from
the included studies onto a pretested data extraction sheet. The
extracted data included a study identifier (the name of the first
author along with the publication year), the study setting (the
country where the study was carried out), and the study design,
subject characteristics, overall sample size, and main findings.
The methodological assessment was done independently by two
authors using the Cochrane assessment tool (33).

Statistical Analysis

We used STATA version 16.0 to perform the meta-analysis.
We expressed effect sizes as pooled RRs with 95% confidence
intervals (Cls) for categorical outcomes and weighted mean
differences (WMDs) for continuous outcomes. We calculated I?
as a measure of heterogeneity; moreover, we applied a random
effects model in instances where the value of I exceeded 40%
(34). We set the significance value at a p-value lower than 0.05.
Egger’s test was used to assess publication bias (19). For the
primary outcomes, we also did a subgroup analysis based on the
clinical diagnosis i.e., acute viral bronchiolitis and pneumonia.

RESULTS

Selection of Articles, Study
Characteristics, and Quality of Included
Studies

We obtained 1,297 citations after our database search and the
removal of duplicates (Figure 1). We excluded 1,210 studies after
title screening. Then, we excluded 73 studies after reading of the
abstract. We reviewed the remaining 14 papers in detail and used
data from the 6 articles fitting all our inclusion criteria in our
meta-analysis (35-40). Table 1 presents details of the included
studies. All the included studies were RCTs. Each study was
conducted in a different country (Denmark, United States, China,
Bangladesh, France, and India). All the six studies were done
in infants. Five studies were done in infants younger than 6
months but none of them included neonates (i.e., those within
28 days of age). In four studies, the primary diagnosis in included
infants was acute viral bronchiolitis (35, 36, 39, 40). In remaining
two studies, the primary clinical condition was pneumonia (37,
38). Supplementary Table 2 shows the results of the quality
evaluation of the included studies. We deemed the quality of
the included studies as good. All the studies reported random
sequence generation and allocation concealment. Blinding could
not be established as all the included studies were open label trials
and both management techniques (HFNC and CPAP) are widely
used in the clinical practice and readily recognized by clinicians.
We did not notice any major bias in any of the studies.

Primary Outcome Findings

The HFNC treatment carried significantly higher risks of
treatment failure [RR, 1.45; 95% CI, 1.06 to 1.99; I> = 0.0%,
n = 6]. Although the pooled effect sizes for risk of need for
intubation [RR, 1.69; 95% CI, 0.97 to 2.94; I = 0.0%, n = 5]
and mortality [RR, 3.33; 95% CI, 0.95 to 11.67; n = 1] did not
achieve statistical significance, the direction of the effect sizes
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%
Author RR (95% ClI) Weight
Treatment failure ‘
Vahlkvist S et al 0.64 (0.12, 3.16) 3.64
Cesar RG et al = 1.10 (0.57, 2.12) 22.58
LiuC et al t 1.43 (0.43,4.70) 6.81
Chisti MJ et al 2.00 (0.72, 5.59) 9.27
Milesi C et al == 1.64 (1.08, 2.48) 56.37
Sarkar M et al —— 1.07 (0.07, 15.57)1.33
Subtotal (I-squared =0.0%, p = 0.791) (& 1.45 (1.06, 1.99) 100.00
Need for intubation
Cesar RG et al —— 1.79 (0.61, 5.24) 26.47
LiuCetal —— 1.41 (0.45, 4.20) 24 .54
Chisti MJ et al —+—— 2.00 (0.72,5.59) 29.14
Milesi C et al — 1.67 (0.41,6.71) 15.67
Sarkar M et al —&— 1.07 (0.07, 15.57%.19
Subtotal (I-squared =0.0%, p = 0.988) &> 1.69 (0.97, 2.94) 100.00
Mortality
Chisti MJ et al —— 3.33(0.95, 11.66)100.00
Subtotal (I-squared = .%, p =.) < 3.33(0.95, 11.67)100.00
Adverse events
LiuCetal —— 0.17 (0.04, 0.74) 26.37
Sarkar M et al —"— 0.36 (0.15, 0.86) 73.63
Subtotal (I-squared = 0.0%, p = 0.88% 0.30 (0.14, 0.62) 100.00
I I
.04 1 25
FIGURE 2 | Effects of HFNC vs. CPAP on treatment failure, need for intubation, mortality and adverse events.

tended toward significance and indicated a nearly three times
higher risk for mortality and two times higher risk of need
for intubation in those receiving HFNC, compared to CPAP
treatment (Figure 2). It should however be noted that there was
only one study reporting on mortality. Patients receiving HFNC
had lower risks of adverse events [RR, 0.30; 95% CI, 0.14, 0.62;
I = 0.0%, n = 2] (the most common adverse event was nasal
trauma). Egger’s test did not indicate the presence of publication
bias (P = 0.31 for treatment failure, P = 0.47 for need for
intubation, and P = 0.29 for adverse events).

We did a subgroup analysis based on the primary diagnosis
i.e., acute viral bronchiolitis or pneumonia. The findings are
presented in Table 2. The increased risk of treatment failure in
children receiving HFNC, compared to those receiving CPAP,
was noted only in infants with acute viral bronchiolitis [RR, 1.40;
95% CI, 1.02 to 1.97; I> = 0.0%, n = 4]. The reduced risk of
adverse events (i.e., nasal trauma) was noted in infants with acute
viral bronchiolitis [RR, 0.36; 95% CI, 0.15 to 0.86; n = 1] as well
as pneumonia [RR, 0.17; 95% CI, 0.04 to 0.73; n = 1].

Secondary Outcome Findings
We found no statistically significant differences in modified
Woods clinical asthma score (M-WCAS; denoting severity of

TABLE 2 | Findings of subgroup analysis for the primary outcomes based on
clinical diagnosis.

Pooled effect size (relative risk; RR)

(95% confidence interval)

Acute viral bronchiolitis Pneumonia

Treatment failure 1.40 (1.02,1.97; N = 4)*
1.67 (0.74, 3.76; N = 3)

0.36 (0.15, 0.86; N = 1)*

1.74(0.80, 3.78; N = 2)
1.70(0.80, 3.63; N = 2)
0.17 (0.04,0.73; N = 1)

Need for intubation
Adverse events

*Denotes statistical significance at P < 0.05; subgroup analysis for mortality not done as
only one study reported this outcome.

respiratory distress) [WMD, 0.25; 95% CI, —0.08 to 0.59; Ir =
73.6%, n = 4], or hospitalization length (days) [WMD, 0.25;
95% CI, —0.17 to 0.66; I* = 84.7%, n = 5] between the two
management modalities (Figure 3). Patients receiving HFNC
had the time to treatment failure reduced by approximately
3h [WMD, —3.35; 95% CI, —4.93, —1.76; I> = 0.0%, n
= 2] as compared to those on CPAP (Figure3). For the
primary treatment duration (in h), although the pooled effect
size was not statistically significant, the direction of the
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Sarkar M et al

NOTE: Weights are from random effects @nalysis

N, mean N, mean %
Author WMD (95% CI) (SD); Treatment (SD); Control Weight
Treatment duration (Hours)
Vahlkvist S et al ——— 2500 (6.49, 43.51) 22,95 (27.7) 28, 70 (39) 20.27
Cesar RG et al - 10.88 (6.16, 15.60) 35, 67 (11.2) 28, 56.1 (7.86) 37.64

Milesi C et al + 25.40 (-0.36, 51.16) 71, 98.3 (101)
-4.80 (-16.93, 7.33) 15, 86.4 (15.1)

Subtotal (I-squared = 69.2%, p = 0.021) <> 11.33 (-0.53, 23.19) 143 143 100.00
Modified Woods Clinical Asthma Score

Vahlkvist S et al * 0.50 (-0.03,1.03) 22,2(.9) 28,15(1) 19.21
Cesar RG et al * 0.50(0.37,063) 35,5(.33) 28,45 (17) 3508
Milesi C et al * 0.00(-0.33,0.33) 71,4(1) 71,4 (1) 27.19
Sarkar M et al * -0.10 (-0.65, 0.45) 15, 2.1 (.86) 16,22 (68) 1852
Subtotal (l-squared = 73.6%, p =0.010) 0.25 (-0.08,0.59) 143 143 100.00
Stay at hospital (in days)

Cesar RG et al * 1.00 (0.63,1.37) 35,9(.83) 28, 8 (.67) 26.43
LiuCetal * 0.00 (-0.14,0.14) 43,8 (.33) 41,8 (.33) 32.30
Chisti MJ et al * 0.00 (-0.21,0.21) 79,5 (.67) 79, 5 (.65) 30.98
Milesi C et al > -1.30 (-4.63,2.03) 71,6.2 (6) 71,75 (13) 1.47
Sarkar M et al * 0.00 (-1.19,1.19) 15,5(1.6) 16, 5 (1.79) 8.82
Subtotal (l-squared = 84.7%, p = 0.000) 0.25(-0.17,0.66) 243 235 100.00
Time to treatment failure (in Hours)

Cesar RG et al * -3.60 (-5.68,-152) 35,152 (2.1) 28,188(5.3) 57.83
Milesi C et al * -3.00 (-5.44,-0.56) 71,6.7 (5.7) 71,97 (8.8) 4217
Subtotal (l-squared =0.0%, p = 0.714) 0 -3.35(-4.93,-1.76) 106 99 100.00

71,729 (46.3) 13.86
16, 91.2 (19.2) 28.22

I I I
-51.2 0 Si1F2

FIGURE 3 | Effects of HFNC vs. CPAP on primary treatment duration, modified Woods clinical asthma score, hospitalization length, and time to treatment failure.

finding was suggestive of an increased treatment duration
in those that received HFNC [WMD, 11.33; 95% CI, —0.53
to 23.19; I> = 69.2%, n = 4]. Eggers test results did
not indicate the presence of publication bias (P = 0.38
for primary treatment duration; P = 0.24 for M-WCAS, P
= 0.77 for hospitalization length, P = 0.35 for time to
treatment failure).

We found similar respiratory rates (min) [WMD, 3.09; 95%
CI, —0.79 to 6.96; I*> = 74.6%, n = 5], PaCO,s (mm Hg)
[WMD, —0.35; 95% CI, —1.30 to 0.60; I> = 62.2%, n =
3], FiOys (%) [WMD, 1.26; 95% CI, —1.64 to 4.16; I> =
74.2%, n = 2], and SpO;s (mm Hg) [WMD, —0.27; 95%
CI, —1.12 to 0.58; I> = 96.4%, n = 3] at end of treatment
between both treatment modalities (Figure 4). The PaO, (mm
Hg) at the end of treatment in patients receiving HFNC was
approximately 4 mm Hg lower than that in in patients receiving
CPAP [WMD, —4.31; 95% CI, —6.25 to —2.36; I* = 0.0%, n =
2] (Figure 4). Egger’s test results did not indicate the presence
of publication bias (P = 0.91 for respiratory rate; P = 0.22 for
PaCO;, P = 0.45 for FiO,, P = 0.15 for SpO,, and P = 0.39
for Pa0O,).

DISCUSSION

We designed this meta-analysis to compare HFNC and CPAP
outcomes in pediatric patients with respiratory distress. We
found that children who received HENC treatment, compared
to those that received CPAP, had significantly higher risks
of treatment failure, and possibly, a higher risk for need of
intubation, mortality and increased primary treatment duration.
It should however be noted that there was only one study
reporting on mortality and therefore, this finding should be
interpreted cautiously. Patients receiving HFNC had a reduced
time to treatment failure as compared to those on CPAP. This
should we viewed in the context of another finding that the
risk of treatment failure was also higher in those receiving
HENC. It could be possible that the higher risk of treatment
failure in HFNC group necessitated early intubation, thereby,
reducing the time to treatment failure. High-flow nasal cannula
treatment was associated with a lower risk of adverse events
than CPAP treatment. The meta-analysis results also suggested
that the M-WCAS (denoting severity of respiratory distress),
hospitalization lengths, respiratory rates (per min), and blood
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N, mean N, mean %
Author WMD (95% CI) (SD); Treatment  (SD); Control ~ Weight
Respiratory rate
Vahlkvist S et al —_— 2.00 (-4.10,8.10) 22,45 (10) 28,43 (12) 16.71
Cesar RG et al —_— 3.14(-3.21,9.49)  35,48.4 (11.2) 28,452 (139) 16.16
LiuCetal — 0.00 (-3.01,3.01)  43,51.5(8.2) 41,51.5(5.7) 2436
Milesi C et al | ——> 12.00 (6.49,17.51) 71,58 (21) 71, 46 (11) 18.08
Sarkar M et al — 0.30(-2.57,3.17)  15,36.5(5.17) 16,36.2 (2.4) 2469
Subtotal (I-squared = 74.6%, p = 0.003) <<> 3.09 (-0.79,6.96) 186 184 100.00
PaCO2 (mm Hg)
Vahlkvist S et al * -0.80 (-1.52, -0.08) 22,465 (1.1) 28,47.3(1.5) 4503
LiuCetal * -0.50 (-1.18,0.18) 43, 40.5(1.83) 41,41 (1.33) 4629
Sarkar M et al —— 2.80(-0.20,5.80) 15,40 (4.4) 16,37.2 (4.09) 868
Subtotal (I-squared = 62.2%, p = 0.071) 0 -0.35(-1.30,0.60) 80 85 100.00
FiO2 (%)
Vahlkvist S et al ——— 3.00 (0.30, 5.70) 22,25 (4.6) 28,22 (5.1) 41.92
Cesar RG et al - 0.00 (-1.29,1.29) 35,40 (2) 28,40 (3) 58.08
Subtotal (I-squared = 74.2%, p = 0.049) <> 1.26 (-1.64,4.16) 57 56 100.00
SPo2 (%)
Cesar RG et al * 0.00 (-0.24,0.24) 35, 97 (.58) 28, 97 (.38) 36.50
LiuCetal 0‘ -1.00 (-1.14, -0.86) 43, 95 (.33) 41, 96 (.33) 37.19
Sarkar M et al <+ 0.40 (-0.51,1.31) 15,974 (1.22) 16,97 (1.36)  26.32
Subtotal (I-squared = 96.4%, p = 0.000) D -0.27 (-1.12,0.58) 93 85 100.00
Pa02 (mm Hg)
LiuCetal —— -4.50 (-6.70, -2.30) 43,91.5(2.13) 41,96 (6.87) 78.55
Sarkar M et al — -3.60 (-7.80,0.60) 15,94.8 (5.14) 16,98.4 (6.74) 21.45
Subtotal (I-squared = 0.0%, p =0.710) <> -4.31(-6.25,-2.36) 58 57 100.00
NOTE: Weights are from random effects analysis
| |
-17.5 0 Hi7ES
FIGURE 4 | Effect of HFNC vs. CPAP on respiratory rate, PaCO,, FiO», SpO,, and PaO,.

gas values [PaCO; (mm Hg), FiO; (%), and SpO, (mm Hg)] at
the end of treatment were similar between the patients receiving
either treatment modality.

Acute viral bronchiolitis is a common cause of hospitalization
among young children (especially in those younger than 2
years and infants) (41, 42). Continuous positive airway pressure
is a common treatment in developed countries for children
with respiratory distress. Continuous positive airway pressure is
believed to act by decreasing the inspiratory resistance, thereby
improving alveolar ventilation (25, 43). High-flow nasal cannula
is an alternative technique management of respiratory distress in
children, in which warm and humidified air is provided through a
PEEP force (44). High-flow nasal cannula is thought to reduce the
dead space in the upper airway and the airflow resistance (45). In
addition, HENC is easier to use, better tolerated by patients, and
comparatively less invasive than CPAP.

Our findings are similar to those of a previous meta-analysis
by Luo et al.,, wherein HENC treatment was found to carry an
increased risk of treatment failure and a lower risk of nasal
trauma than CPAP treatment (30). Our findings are also similar
to those of a meta-analysis conducted in preterm infants, which
included 21 studies with approximately 3,000 preterm infants
(46). That review noted that the risk of nasal trauma was lower
in infants receiving HENC than in those receiving CPAP, and
that the rate of treatment failure was higher after HFNC than
after CPAP. A recent systematic review by Moreel et al. looked
at studies comparing HENC with either standard oxygen therapy
or CPAP among infants with bronchiolitis (47). The authors
concluded that HFNC is a safe mode of respiratory support
and could be considered as a rescue therapy for children who
are not adequately managed on standard oxygen therapy. Only
three RCTs that compared HENC with CPAP were included
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in this review. Furthermore, the authors called for more RCTs
comparing the efficacy of HFNC and CPAP. Similar findings
were noted in another systematic review on the role of HENC
in infants with bronchiolitis (48). Thus, with the inclusion of
new RCTs in our meta-analysis, the updated evidence supports
the findings of the previous review on this subject. Based on
findings of this meta-analysis, CPAP should remain the mainstay
for providing oxygen support to children with respiratory distress
from acute viral bronchiolitis and pneumonia. In situations
where CPAP is not available, HFNC is a reasonable management
option due to its lower adverse event rates and somewhat similar
mortality when compared to those of CPAP.

An important finding of the current meta-analysis that needs
further discussion is the increased risk of nasal trauma in
those that received CPAP, compared to those receiving HFNC.
The presentation of nasal trauma can range from erythema,
crusting to scaling and excoriation of nasal mucosa (49). One
of the important factors that have been implied in the increased
risk of nasal trauma in CPAP is the use of nasal masks and
prongs. In CPAP, there is a prerequisite that an adequate seal
is maintained between the prongs and the nares and therefore,
the pressure effects on nasal mucosa in unavoidable (50). On
the contrary, the canula used in HENC are shorter, narrower,
tapered from base to tip and do not usually occlude more
than 50% of the nares (23, 50). Consequently, the pressure
effects are reduced. Further, humidification of the inspired
gas in essential for preserving the integrity and intactness of
the nasal mucosa. Due to improvement in the humidification
systems, the humidification of the gas provided through HFNC
is higher than that used in CPAP (51). This could also be
one of the reasons why a lower risk of nasal trauma is noted
in HFNC.

Our study has some limitations. First, the number of included
studies is relatively low (n = 6) and provided a small sample
size. More robust RCTs with adequately powered sample sizes
are needed to provide conclusive evidence. Second, there was
lack of homogeneity in the primary clinical diagnosis among
included infants; four studies had infants with acute viral
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