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High-flow nasal cannula versus
continuous positive airway
pressure in primary respiratory
support for preterm infants:
A systematic review and
meta-analysis
Keren Luo, Yi Huang, Tao Xiong and Jun Tang*

Department of Neonatology, West China Women’s and Children’s Hospital, Sichuan University,
Chengdu, China

Respiratory support is crucial for the survival of preterm infants, and High-flow
Nasal Cannula Oxygen Therapy (HFNC) and Continuous Positive Airway
Pressure (CPAP) are commonly used for neonatal respiratory support. This
meta-analysis aimed to compare the effects of HFNC and CPAP in primary
respiratory support for preterm infants, to provide evidence-based support
for clinical practice. PubMed, Embase, Cochrane Library, ClinicalTrials.gov,
CNKI, VIP, WANFANG and SinoMed were searched for eligible studies. The
primary outcomes included the incidence of treatment failure and the
application of mechanical ventilation. A total of 27 eligible studies with 3,351
participants were included. There was no significant difference in the
incidence of respiratory support failure [RR = 1.17, 95%CI (0.88–1.56)] and the
application of mechanical ventilation [RR = 1.00, 95%CI (0.84–1.19)] between
HFNC group and CPAP group. HFNC resulted in lower rate of air leaks [RR =
0.65, 95%CI (0.46–0.92)], nasal trauma [RR = 0.36, 95%CI (0.29–0.45)] and
abdominal distension [RR = 0.39, 95%CI (0.27–0.58)], and later time of
mechanical ventilation initiating [SMD= 0.60, 95%CI (0.21–0.99)], less
duration of oxygen therapy [SMD=−0.35, 95%CI (−0.68 to −0.02)] and
earlier enteral feeding [SMD=−0.54, 95%CI (−0.95 to −0.13)]. Alternative
non-invasive respiratory support after initial treatment failure resulted in no
difference in the application of mechanical ventilation between the two
groups [RR = 0.99, 95%CI (0.52–1.88)]. HFNC might be more effective and
safer in primary respiratory support for preterm infants. Using CPAP as a
remedy for the treatment failure of HFNC could not avoid intubation. For
premature infants with the gestational age <28 weeks, HFNC as primary
respiratory support still needs to be further elucidated.
Systematic Review Registration: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42022313479, identifier: CRD42022313479.

KEYWORDS

high-flow nasal cannula oxygen therapy, continuous positive airway pressure, neonatal

respiratory support, meta-analysis, respiratory failure
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2022.980024&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2022.980024
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2022.980024/full
https://www.frontiersin.org/articles/10.3389/fped.2022.980024/full
https://www.frontiersin.org/articles/10.3389/fped.2022.980024/full
https://www.frontiersin.org/articles/10.3389/fped.2022.980024/full
https://www.frontiersin.org/articles/10.3389/fped.2022.980024/full
https://www.frontiersin.org/articles/10.3389/fped.2022.980024/full
ClinicalTrials.gov
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2022.980024
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Luo et al. 10.3389/fped.2022.980024
Introduction

Respiratory failure is one of the primary causes of mortality

in preterm infants in Neonatal Intensive Care Units (NICU),

making it mostly important to perform respiratory support

timely for the newborns (1). Continuous Positive Airway

Pressure (CPAP) is one of the earliest applied and

conventional non-invasive respiratory support methods (2),

which could reduce the risk of respiratory complications also

decreasing mortality and improving neurological prognosis in

preterm infants (3, 4). However, CPAP has high skill

requirements for nurses as the improper use would lead to

adverse outcomes including nasal mucosal injury or necrosis,

nasal granuloma, nasal vestibular stenosis, and nasal septum

deformation or deletion in infants, and the special caps that

needs to be worn for fixation to ensure ventilation effect

would add discomfort for infants (2, 5, 6). High-flow Nasal

Cannula Oxygen Therapy (HFNC), also known as Heated

Humidified High Flow Nasal Cannula (HHHFNC), is a newly

emerged non-invasive respiratory support technology and has

been increasingly applied in NICU as an alternative to CPAP

(1, 7–13). Compared with CPAP, HFNC has several merits in

promoting alveolar dilation (14–18), improving gas exchange

(14, 19), protecting airway mucosa (20), and reducing

respiratory work (19).

Neonatal respiratory distress syndrome (NRDS) is a

common respiratory complication in premature infants.

Surfactant and non-invasive ventilation are the standard

treatment for NRDS. Treatment failure is defined as the need

for other forms of respiratory support due to the presence of

respiratory acidosis, hypoxemia, severe apnea, etc. (21, 22). In

recent years, multiple studies, including randomized

controlled trials (RCTs) and systematic reviews that

compared the effects of HFNC and CPAP, have yielded

conflicting results. Some studies (23–29) suggested that

HFNC was as effective as CPAP, while the others (30–34)

found that the failure rate for HFNC was higher than that for

CPAP.

However, published systematic reviews did not thoroughly

summarize the current evidence due to several reasons such

as language limitation, and the outcomes included were too

limited to fully reflect the therapeutic effect of HFNC/CPAP

to be the primary respiratory support approach for preterm

infants with NRDS (26, 27, 29, 32–34). On the other hand,

there have been some new studies published in recent years.

We performed this systematic review and meta-analysis, based

on a more comprehensive literature search, to compare the

effects of HFNC and CPAP in respiratory support for preterm

infants, so as to provide evidence-based medical support for

clinical practice.
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Methods

Study registration

This systematic review and meta-analysis was conducted

following the PRISMA statement (35) and has been

registered on PROSPERO (Registration No. CRD42022

313479) (36).
Inclusion criteria and exclusion criteria

Randomized controlled trials (RCTs) comparing the effects

of CPAP and HFNC in primary respiratory support for preterm

infants (Defined as infants with gestational age <37 weeks) were

included. Studies with non-RCT-design, incomplete data, or

data unavailable were excluded.
Outcome measures

Primary outcomes included the incidence of treatment

failure and application of mechanical ventilation after non-

invasive respiratory support. Outcomes of safety included air

leaks, nasal trauma and abdominal distension.

Secondary outcomes included age of respiratory failure

onset, duration of mechanical ventilation/non-invasive

respiratory support/oxygen therapy, time of mechanical

ventilation initiating, time of enteral feeding, exclusive

breastfeeding, death, length of hospital stay, and report of

adverse events such as hypercapnia, apnea, pulmonary

hemorrhage, pneumonia, bronchopulmonary dysplasia (BPD),

intraventricular hemorrhage (IVH), periventricular

leukomalacia, retinopathy of prematurity (ROP), patent ductus

arteriosus (PDA), necrotizing enterocolitis (NEC), sepsis, and

requirement for other treatment.
Literature search

PubMed, Embase, Cochrane Library, ClinicalTrials.gov,

CNKI, VIP, WANFANG and SinoMed were searched for

relevant articles from inception to February 26th, 2022, with

no language restriction. Literature search was conducted by

two reviewers independently (Luo and Tang). Detailed search

strategy is provided in Appendix 1.
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Literature screening and quality
assessment

All the retrieved articles were screened through browsing

titles and abstracts to exclude ineligible studies. Afterwards,

the full-text of remained articles were read to identify studies

that should be included.

The Cochrane risk of bias assessment tool was used for

assess the quality of included study, which includes the
FIGURE 1

Flow chart.
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following 7 items: (1) random sequence generation; (2)

allocation concealment; (3) blinding of participants and

personnel; (4) blinding of outcome assessment; (5) incomplete

outcome data; (6) selective reporting; (7) other bias. Each

item could be graded as low risk, high risk, and unclear bias.

Literature screening and quality assessment were performed

by two reviewers independently (Luo and Tang). Any

disagreements were consulted and settled by a third reviewer

(Huang and Xiong).
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TABLE 1 Characteristics of included studies.

Author Year Region Study design Gestational age Comparison

Armanian 2019 Iran RCT <37 weeks HHHFNC (2.5–3 L/min, n = 35); nCPAP (5–6 cm H2O, n = 37)

Chen 2015 China RCT <37 weeks HHHFNC (2–8 L/min, n = 34); nCPAP (5–7 cm H2O, n = 32)

Ciuffini 2014 Italy RCT 29–36 weeks HHHFNC (4–6 L/min, n = 85); nCPAP (4–6 cm H2O, n = 92)

Demirel 2019 Turkey RCT <32 weeks HHHFNC (6–8 L/min, n = 53); nCPAP (6–7 cm H2O, n = 54)

Farhat 2018 Iran RCT 28–34 weeks HHHFNC (2–5 L/min, n = 54); nCPAP (6–8 cm H2O, n = 53)

Feng 2016 China RCT <37 weeks HHHFNC (n = 62); nCPAP (n = 68) “detailed parameters” was not provided.

Kadivar 2016 Iran RCT 28–34 weeks HHHFNC (2–4 L/min, n = 27); nCPAP (5–8 cm H2O, n = 27)

Lavizzari 2016 Italy RCT 29–36weeks HHHHFNC (4–6 L/min, n = 158); nCPAP (4–6 cm H2O, n = 158)

Li 2014 China RCT <37 weeks HHHFNC (6–8 L/min, n = 21); nCPAP (4–6 cm H2O, n = 20)

Manley 2019 Australia RCT 31–34 weeks HHHFNC (6–8 L/min, n = 72); nCPAP (6–8 cm H2O, n = 68)

Mostafa- 2015 Iran RCT 30–34 weeks HHHFNC (6 L/min, n = 42); nCPAP (5–6 cm H2O, n = 43)

Murki 2018 India RCT 28–37 weeks HHHFNC (5–7 L/min, n = 133); nCPAP (5–7 cm H2O, n = 139)

Öktem 2021 Turkey RCT <32 weeks HHHFNC (initial 5 L/min, n = 20); nCPAP (5–6 cm H2O, n = 20)

Roberts 2016 Australia and Norway RCT 28–37 weeks HFNC (6–8 L/min, n = 278); CPAP (6–8 cm H2O, n = 286)

Sharma 2019 India RCT 26–34 weeks HHHFNC (n = 50); nCPAP (n = 50) “detailed parameters” was not provided.

Shin 2017 Korea RCT 30–35weeks HHHFNC (3–7 L/min, n = 42); nCPAP (4–7 cm H2O, n = 43)

Shirvani 2020 Iran RCT <34 weeks HHHFNC (3–7 L/min, n = 30); nCPAP (4–6 cm H2O, n = 30)

Shokouhi 2019 Iran RCT 28–36 weeks HHHFNC (2–8 L/min, n = 30); nCPAP (4–8 cm H2O, n = 30)

Wang 2013 China RCT <32 weeks HHHFNC (2–8 L/min, n = 30); nCPAP (4–8 cm H2O, n = 30)

Wang 2021 China RCT 28–32 weeks HHHFNC (3–8 L/min, n = 62); nCPAP (3–8 cm H2O, n = 63)

Yan 2020 China RCT <37 weeks HHHFNC (2–8 L/min, n = 47); nCPAP (4–8 cm H2O, n = 47)

Yao 2019 China RCT <35 weeks HHHFNC (6–8 L/min, n = 47); nCPAP (5–7 cm H2O, n = 47)

Yoder 2013 US RCT 28–32 weeks HHHFNC (3–8 L/min, n = 75); nCPAP (5–8 cm H2O, n = 75)

Yu 2018 China RCT <36 weeks HHHFNC (1–7 L/min, n = 55); nCPAP (n = 55)

Zhai 2019 China RCT 28–37 weeks HHHFNC (4–6 L/min, n = 38); nCPAP (4–6 cm H2O, n = 35)

Zhang 2017 China RCT <37 weeks HHHFNC (2–8 L/min, n = 44); nCPAP (5–7 cm H2O, n = 45)

Zhang 2019 China RCT <37 weeks HHHFNC (2–8 L/min, n = 40); nCPAP (5–7 cm H2O, n = 40)

HFNC, high-flow nasal cannula; HHHFNC, heated humidified high flow nasal cannula; CPAP, continuous positive airway pressure; nCPAP, nasal continuous positive

airway pressure.
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Data extraction

Data extraction was processed by two reviewers

independently (Luo and Tang) using a pre-designed form.

Any controversies were resolved through discussion or by a

third reviewer.
Data synthesis and analysis

Revman was used to conduct the data analysis, and STATA

was used to assess the publication bias if needed (No. of

included studies >10). Standard mean difference (SMD) with

the 95% Confidence interval (95%CI) were pooled for

continuous data, and risk ratio (RR) with the 95%CI for

dichotomous data. A p value less than 0.05 with the 95%CI

not included the null indicated statistical significance.
Frontiers in Pediatrics 04
Heterogeneity was conducted using I² statistics. Random effect

model was applied as pooled statistics if I² > 50%, otherwise

fixed effect model would be applied. Sensitivity analysis was

conducted by removing studies with potential heterogeneity.
Results

Characteristics of included studies

There was 723 related articles identified. After reading the

titles, abstracts and full texts, a total of 27 eligible studies with

3,351 participants (1,664 in HFNC group and 1,687 the CPAP

group) were included (23–25, 28, 30, 31, 37–57). The flow

diagram for study selection is shown in Figure 1. Among the

included studies, 2 included both premature infants and term

infants (28, 43), and only data of premature infants was

extracted, 2 studies did not specify whether the included
frontiersin.org
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FIGURE 2

Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.
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preterm infants had NRDS (25, 50), and 3 studies included

preterm infants with early respiratory distress, or an intention

to respiratory support (44, 48, 57). The participants reported

in the other studies were all preterm infants with NRDS. The

basic characteristics of included studies is shown in Table 1.
Risk of bias assessment for included
studies

All studies were RCT-design, while the detailed

randomization process was not described in 7 studies (24, 40,

42, 46, 48, 50, 54). All the studies reported allocation

concealment, but no blinding of participants and personnel or

blinding of outcome assessment. Another factor that might

compromise the quality of included studies was that few of

them (23–25, 30, 38–42, 46–48, 50–57) provided materials to

ensure no reporting bias existed (Figures 2, 3, Appendix 2).
Primary outcomes

Incidence of treatment failure
There were 22 studies that reported the incidence of

respiratory support failure. Meta-analysis based on random

effect model (I2 = 62%) showed that there was no significant

difference in the incidence of respiratory support failure

between HFNC group and CPAP group [RR = 1.17, 95%CI

(0.88–1.56)], as shown in Figure 4.
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Application of mechanical ventilation
There were 21 studies that reported the application of

mechanical ventilation after non-invasive respiratory support.

Meta-analysis based on fixed effect model (I2 = 49%) showed

that there was no significant difference in the application of

respiratory support failure between HFNC group and CPAP

group [RR = 1.00, 95%CI (0.84–1.19)], as shown in Figure 5.
Outcomes of safety

Compared with CPAP group, HFNC resulted lower rate of

air leaks [RR = 0.65, 95%CI (0.46–0.92), I2 = 0%], nasal trauma

[RR = 0.36, 95%CI (0.29–0.45), I2 = 10%] and abdominal

distension [RR = 0.39, 95%CI (0.27–0.58), I2 = 26%], as shown

in Figures 6A–C.
Secondary outcomes

The time of mechanical ventilation initiating in preterm infants

was later inHFNC group than in CPAP group [SMD= 0.60, 95%CI

(0.21–0.99), I2 = 82%] (Figure 7C). The duration of oxygen therapy

in preterm infants in HFNC group was less than those in CPAP

group [SMD=−0.35, 95%CI (−0.68 to −0.02), I2 = 91%]

(Figure 7F). The time of enteral feeding in preterm infants in

HFNC group was earlier than those in CPAP group [SMD=

−0.54, 95%CI (−0.95 to −0.13), I2 = 93%] (Figure 7V). Other

outcomes did not show any statistically significant differences

between the two groups: age of respiratory failure onset

(Figure 7A), duration of mechanical ventilation (Figure 7B),

duration of respiratory support (Figure 7D)/non-invasive
frontiersin.org
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FIGURE 3

Risk of bias summary: review authors’ judgements about each risk of
bias item for each included study.
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respiratory support (Figure 7E), time of exclusive breastfeeding

(Figure 7U), death (Figure 7T), length of hospital stay

(Figure 7W), and adverse events of hypercapnia (Figure 7I),

apnea (Figure 7J), pulmonary hemorrhage (Figure 7K),

pneumonia (Figure 7L), BPD (Figure 7M), sepsis (Figure 7N),

NEC (Figure 7O), IVH (Figure 7P), periventricular leukomalacia

(Figure 7Q), PDA (Figure 7R), ROP (Figure 7S), and

requirement for other treatment (Figures 7G,H).
Sensitivity analysis

After removing the studies that increase heterogeneity of

this meta-analysis, there were significant differences in the

duration of non-invasive respiratory support [SMD = 0.05,

95%CI (−0.08 to 0.18), I2 = 0%], time of enteral feeding

[SMD =−0.05, 95%CI (−0.15 to 0.05), I2 = 0%], duration of

mechanical ventilation [SMD =−0.22, 95%CI (−0.59 to 0.14),

I2 = 51%], duration of oxygen therapy [SMD =−0.03, 95%CI
(−0.13 to 0.17), I2 = 17%), and incidence of respiratory

support failure [RR = 1.06, 95%CI (0.85–1.32), I2 = 39%)

(Figures 8A–E).

In five studies (30, 31, 37, 43, 45), alternative non-invasive

respiratory support was used as a remedy for treatment failure

(Table 2). Since the data of mechanical ventilation for

preterm infants were not provided in “Manley 2019” (43), we

evaluated the application of mechanical ventilation in the

other four studies, and found that alternative non-invasive

respiratory support after initial treatment failure resulted in

no difference in the application of mechanical ventilation

between HFNC group and CPAP group [RR = 0.99, 95%CI

(0.52–1.88), I2 = 57%] (Figure 9).
Discussion

Among the two systematic reviews (32, 34) that were

published previously to compare HFNC and CPAP for

preterm respiratory distress, one (32) suggested that the both

had similar treatment failure rates, while the other (34)

proposed that the former resulted in a higher treatment

failure rate. In comparison, our study has the following

advantages. First, the cut-off years for the included studies

were updated, and the search for articles published in Chinese

was more comprehensive. Second, this study analyzed

multiple respiratory indicators which the previous studies did

not included, like duration of mechanical ventilation/non-

invasive respiratory support/oxygen therapy, age to use

mechanical ventilation, etc. Third, we evaluated the potential

of CPAP to be a remedy to avoid intubation when HFNC failed.
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FIGURE 4

Forest plot of comparison: HFNC vs. CPAP-number-respiratory support failure.

FIGURE 5

Forest plot of comparison: HFNC vs. CPAP-number-mechanical ventilation.

Luo et al. 10.3389/fped.2022.980024
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FIGURE 6

(A) forest plot of comparison: HFNC vs. CPAP-number-Air leaks. (B) Forest plot of comparison: HFNC vs. CPAP-number-Nasal trauma. (C) Forest plot
of comparison: HFNC vs. CPAP-number-Abdominal distention.

Luo et al. 10.3389/fped.2022.980024
In the sensitivity analysis, removing “Zhang 2017” (56) and

“Zhang 2019” (57) eliminated the heterogeneity among studies,

and the results of the duration of oxygen therapy, duration of

mechanical ventilation, duration of non-invasive respiratory

support, and time of enteral feeding were reversed, which

indicated that there might be bias in these two studies, such

as reporting bias due to the lack of protocols, and other

undetected bias. In “Armanian 2019” (37), “Manley 2019”

(43), “Murki 2018” (45), “Roberts 2016” (31) and “Shin 2017”

(30), preterm infants with treatment failure were not all

intubated and mechanically ventilated. Some were replaced

with non-invasive respiratory support. The analysis for the

incidence of mechanical ventilation showed no difference,

indicating that there might be no difference in the use of

non-invasive respiratory support approaches between the two

groups, and that it might be because the included studies did

not apply an unified applicable standard for the use of non-

invasive respiratory support. For the incidence of respiratory

support failure, I² decreased from 62% to 39% after removing

“Armanian 2019” (37), “Manley 2019” (43), “Murki 2018”

(45), “Roberts 2016” (31), “Shin 2017” (30), and “Zhang

2017” (56).

In our meta-analysis, incidence of respiratory support

failure and mechanical ventilation were adopted to evaluate
Frontiers in Pediatrics 08
the efficacy of HFNC and CPAP as primary respiratory

support for preterm infants and the results showed no

statistical difference. This is consistent with the results of

previous studies. Several RCTs and meta-analysis found that

HFNC had similar efficacy and safety with CPAP in the

initial treatment of neonates with NRDS. There was no

significant difference between HFNC and CPAP in the

intubation rate and other serious complications (23–29).

However, a growing number of studies in recent years have

produced conflicting results. An RCT comparing HFNC and

CPAP as the initial treatment for preterm infants with NRDS

found that although HFNC had no significant difference in

complications compared with CPAP, it had a higher failure

rate (30). Several RCTs and systematic reviews found that

HFNC had a significantly higher therapeutic failure rate than

CPAP when used as early respiratory support for neonates

with NRDS (31, 33, 34), which indicated that HFNC might be

not suitable for the primary respiratory support for preterm

infants, and such conclusion might be related to the fact that

there was a gap between the nasal prong and the nasal cavity

during HFNC treatment, thus the airway pressure could not

be well controlled. Both the HFNC and CPAP could provide

positive pressure to help delating the airway at an oxygen flow

rate over 2l/min, while the pressure provided by HFNC could
frontiersin.org
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FIGURE 7

(A) forest plot of comparison: HFNC vs. CPAP-age-respiratory failure onset. (B) Forest plot of comparison: HFNC vs. CPAP-duration-Mechanical
ventilation. (C) Forest plot of comparison: HFNC vs. CPAP-age-Mechanical ventilation initiating. (D) Forest plot of comparison: HFNC vs. CPAP-
duration-Respiratory support. (E) Forest plot of comparison: HFNC vs. CPAP-duration-Non-invasive respiratory support. (F) Forest plot of
comparison: HFNC vs. CPAP-duration-Oxygen therapy. (G) Forest plot of comparison: HFNC vs. CPAP-number-Surfactant. (H) Forest plot of
comparison: HFNC vs. CPAP-number-Surfactant with multiple doses. (I) Forest plot of comparison: HFNC vs. CPAP-number-Hypercapnia. (J)
Forest plot of comparison: HFNC vs. CPAP-number-Apnea. (K) Forest plot of comparison: HFNC vs. CPAP-number-Pulmonary hemorrhage. (L)
Forest plot of comparison: HFNC vs. CPAP-number-Pneumonia. (M) Forest plot of comparison: HFNC vs. CPAP-number-Bronchopulmonary
dysplasia. (N) Forest plot of comparison: HFNC vs. CPAP-number-Sepsis. (O) Forest plot of comparison: HFNC vs. CPAP-number-Necrotizing
enterocolitis. (P) Forest plot of comparison: HFNC vs. CPAP-number-Intraventricular hemorrhage. (Q) Forest plot of comparison: HFNC vs.
CPAP-number-Periventricular leukomalacia. (R) Forest plot of comparison: HFNC vs. CPAP-number-Patent ductus arteriosus. (S) Forest plot of
comparison: HFNC vs. CPAP-number-Retinopathy of prematurity. (T) Forest plot of comparison: HFNC vs. CPAP-number-Death. (U) Forest plot
of comparison: HFNC vs. CPAP-number-Exclusive breastfeeding. (V) Forest plot of comparison: HFNC vs. CPAP-age-Enteral feeding. (W) Forest
plot of comparison: HFNC vs. CPAP-length-Hospital stay.
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FIGURE 8

(A) Forest plot of comparison: HFNC vs. CPAP-duration-Non-invasive respiratory support (after removing “Zhang 2017” and “Zhang 2019”). (B) Forest
plot of comparison: HFNC vs. CPAP-age-Enteral feeding (after removing “Zhang 2017” and “Zhang 2019”). (C) Forest plot of comparison: HFNC vs.
CPAP-duration-Mechanical ventilation (after removing “Zhang 2017”). (D) Forest plot of comparison: HFNC vs. CPAP-duration-Oxygen therapy (after
removing “Zhang 2017” and “Zhang 2019”). (E) Forest plot of comparison: HFNC vs. CPAP-number-Respiratory support failure (after removing
“Armanian 2019”, “Manley 2019”, “Murki 2018”, “Roberts 2016”, “Shin 2017”, and “Zhang 2017”).

TABLE 2 Alternative non-invasive respiratory support was used as a
remedy for treatment failure.

Author Year Respiratory support when HFNC/CPAP
fails

Armanian 2019 From HFNC/CPAP to NIMV, NCPAP, or MV.

Manley 2019 From HFNC to CPAP/MV and from CPAP to MV.

Murki 2018 From HFNC to CPAP/MV and from CPAP to MV.

Roberts 2016 From HFNC to CPAP/MV and from CPAP to MV.

Shin 2017 From HFNC to CPAP/MV and from CPAP to Bilevel
CPAP/MV.

HFNC, high-flow nasal cannula; CPAP, continuous positive airway pressure;

NCPAP, nasal continuous positive airway pressure; NIMV, nasal intermittent

mandatory ventilation; MV, mechanical ventilation.
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be affected by the size of nasal prong, gas flow, trachea diameter,

air leakage, and the body weight of the newborns, making it

difficult to precisely evaluate the pressure generated by HFNC

(58).

This study showed that HFNC had a lower risk for air

leaks, nasal trauma and abdominal distension than CPAP,
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suggesting a better safety in HFNC. The lower risk for nasal

trauma in the use of HFNC might be related to that the

nasal prong does not close the nasal cavity completely, which

prevents compression of the skin around the nose, and

heated and humidified air flow can reduce the incidence of

nasal mucosal injury and bleeding so that to increase the

comfort of infants (20). Studies (59, 60) showed that HFNC

produced lower positive airway pressure than CPAP. An

animal experiment found that HFNC produced airway

pressure of approximately 3–3.5 cm H2O at a flow rate of

6 L/min (60). The above reasons could explain the lower

incidence of air leaks and abdominal distension in HFNC

compared with CPAP.

Analyses for secondary outcomes showed that the time of

mechanical ventilation initiating for preterm infants was later

in HFNC group than in CPAP group, which might be

associated with the operating mechanism of HFNC.

Compared with CPAP, the gas flow rate of HFNC can

produce a positive end-expiratory pressure to promote lung

expansion and improve alveolar distension (15–18). Also,

high-flow gas can flush the anatomic dead cavity in
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FIGURE 9

Forest plot of comparison: HFNC vs. CPAP-number-Mechanical ventilation in the studies using alternative non-invasive respiratory support as a
remedy for treatment failure.
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nasopharynx, contributing to the removal of carbon dioxide and

the improvement of gas exchange (14, 19). The air flow

provided by HFNC exceeds the patient’s maximum

inspiratory flow, which can minimize the inspiratory

resistance of the upper respiratory tract and reduce the work

of breath (19). The lower incidence of abdominal distension

in HFNC group might be related to earlier attainment of

enteral feeding.

Two of the included studies analyzed ultra-premature

infants under 28 weeks of gestation. In “Demirel 2019” (25),

no significant difference of efficacy and safety was found

between HFNC group and CPAP group for ultra-premature

infants. In “Öktem 2021” (46), the intubation rate was higher

in CPAP group than in HFNC group for the same

population (60% vs. 15%, p = 0.02). “Sharma 2019” (47)

included infants with the gestational age of 26–34 weeks, but

did not provide the detailed characteristics of participants.

The other included studies did not specifically report

whether there were newborns with the gestational age of less

than 28 weeks.

However, there are limitations in our meta-analysis. First,

there were differences in the baseline characteristics of the

included neonates, such as gestational age, birth weight,

concomitant NRDS, the severity of NRDS, flow rate of HFNC,

pressure of CPAP, which might lead to heterogeneity among

studies. Second, due to the lack of specific data on individuals,

subgroup analysis based on gestational age or birth weight

could not be performed. Third, the included studies did not

report all the outcomes in our meta-analysis, which might

affect the robustness of the results. Forth, we have expressed

there is 25% selection bias and 75% reporting bias. Among

them, blinding of participants and personnel or blinding of

outcome assessment are unavoidable because the subjects of

the study are infants. Furthermore, among the RCTs included,

studies from China accounted for the largest proportion, so

the applicability of the conclusions in other regions needs to

be further verified.
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Conclusion

Compared with CPAP, the use of HFNC for preterm

infants might be more effective in reducing the use of

mechanical ventilation and oxygen therapy, and has lower

risks for air leaks, nasal trauma and abdominal distension.

Using CPAP as a remedy for the treatment failure of HFNC

could not avoid intubation. For premature infants with the

gestational age less than 28 weeks, the use of HFNC as the

primary respiratory support still needs to be further

elucidated.
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