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Abstract

Objective To evaluate the efficacy of high-flow nasal cannula oxygenation (HFNC) versus non-invasive ventilation
(NIV) in pediatric patients post-congenital heart surgery (CHS) through a meta-analysis.

Methods A comprehensive literature search was conducted across the Chinese biomedical literature database,
Vip database, CNKI, Wanfang, PubMed, Embase, Cochrane Library, and Web of Science until December 20, 2022. We
selected RCTs or cohort studies that met inclusion criteria for a meta-analysis using RevMan 5.4 software.

Results Our search yielded five publications, comprised of one randomized controlled trial and four cohort studies.
Meta-analysis revealed a significant reduction in reintubation rates in children post-CHS treated with HFNC as com-
pared to NIV [RR=0.36, 95%Cl(0.25 ~0.53), P<0.00001]. There was also a notable reduction in the duration of ICU
stay [MD=-4.75, 95%Cl (-9.38 ~-0.12), P=0.04]. No statistically significant differences were observed between HFNC
and NIV in terms of duration of mechanical ventilation, 24 h PaO,, and PaCO, post-treatment (P> 0.05). Furthermore,
both groups showed no significant difference in the duration of extracorporeal circulation [MD=-8.27, 95%ClI(-
17.16~0.62), P=0.07].

Conclusions For pediatric patients post-CHS, HFNC appears to be more effective than NIV in reducing reintubation
rates and shortening the CICU stay.

Keywords HFNC, NIV, Pediatric patients, Congenital heart surgery, Meta

Introduction

With the advancements in medical technology, surgical
intervention for congenital heart disease (CHD) in pedi-
atric patients is being initiated at increasingly younger
ages and at lower weights. Given the high rate of post-
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However, these modalities often fail to deliver the req-
uisite oxygen concentration and flow post-extubation.
Additionally, the inhalation of inadequately humidi-
fied, dry, and cold gas can result in complications such
as nasal mucosal dryness and bleeding, compromising
patient tolerance [2].

Recently, high-flow nasal cannula oxygenation (HFNC)
has emerged as a promising solution, delivering a high
flow (8-80 L/min) of gas at a regulated oxygen con-
centration (21%-100%), temperature (31-37 °C), and
humidity via a high-flow nasal conduit [3]. As a novel res-
piratory support technique, HFNC has gained significant
traction in clinical settings and is versatile across diverse
age groups, from neonates and children to adults [4].

Aiming Liu et al. showed that HENC has a good thera-
peutic effect in patients with AECOPD and type II respi-
ratory failure. It improves the blood gas parameters,
patient comfort and has clinical value [5]. HFNC has
become a go-to solution for managing acute hypoxic res-
piratory failure in children and in averting reintubation
post-extubation. While HFENC is frequently employed
in pediatric intensive care units (ICU), there’s a dearth
of prospective research on its efficacy in post-extuba-
tion hypoxemia following pediatric cardiac procedures,
with varying conclusions. Meta-analyses focusing on
HENC’s efficacy post-pediatric cardiac surgery are lim-
ited, though more comprehensive investigations exist for
adult post-cardiac surgery contexts [6—9]. Consequently,
the quest for the optimal non-invasive respiratory sup-
port technique is ongoing, aiming to mitigate morbidity
and mortality while maximizing the success of wean-
ing off mechanical ventilation in pediatric post-CHS
patients. This study endeavors to contrast the therapeutic
outcomes of HFNC against NIV post-mechanical ventila-
tion in CHS patients, with the goal of pinpointing a more
effective and clinically feasible intervention.

Information and methods
This meta-analysis were performed in accordance with
the PRISMA guidelines and registered on PROSPERO.

Literature search strategy

Our search combined both MeSH (Medical Subject
Headings) terms and free-text terms to comprehensively
query databases including the Chinese biomedical litera-
ture database, Vip database, CNKI, Wanfang, PubMed,
Embase, Cochrane Library, and Web of Science. Searches
were conducted in both English and Chinese from each
database’s inception to December 2022. We also manually
searched references and related articles from the included
literature for further pertinent studies. Using PubMed as
an example, the combined search strategy is articulated
as follows: (("Cannula"[Mesh]) OR (((((Cannulae[Title/
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Abstract]) OR (Nasal Cannula[Title/Abstract])) OR (Can-
nula, Nasal[Title/Abstract])) OR (Nasal Cannulae|Title/
Abstract])) OR (Cannulae, Nasal[Title/Abstract])))
AND (("Cardiac Surgical Procedures'[Mesh]) OR
((CCccccc((Procedure, Cardiac Surgical[Title/Abstract])

OR (Procedures, Cardiac Surgical[Title/Abstract]))
OR  (Surgical Procedure, Cardiac[Title/Abstract]))
OR (Surgical Procedures, Cardiac[Title/Abstract]))
OR  (Surgical Procedures, Heart[Title/Abstract])))

OR (Cardiac Surgical Procedure[Title/Abstract])) OR
(Heart Surgical Procedures[Title/Abstract])) OR (Pro-
cedure, Heart Surgical[Title/Abstract])) OR (Proce-
dures, Heart Surgical[Title/Abstract])) OR (Surgical
Procedure, Heart[Title/Abstract])) OR (Heart Surgical
Procedure[Title/Abstract]))). Additional search keywords
included: "high-flow oxygen therapy," "high-flow nasal
cannula,” "nasal high-flow oxygen therapy," "HENC,"
"HHENC," "HHEN," "Congenital Heart Disease," "Heart
Abnormality," "Malformation of Hearts," "infant,"” "child,"
and "pediatrics,” among others.

Literature inclusion and exclusion criteria

Literature inclusion criteria: (1) study type: randomized
controlled trial (RCT) or cohort study; (2) study popula-
tion: withdrawal from mechanical ventilation in children
after CHS; (3) management measures: treatment with
HFNC and NIV. Literature exclusion criteria: (1) dupli-
cate publications; (2) animal trials, conference articles,
academic articles; (3) literature for which the full text was
not available or access to the data had failed; (4) litera-
ture for which the statistical indicators required for this
study were not available after reading the complete text,
or for which statistical indicators were available but data
extraction was not possible, and attempts to contact the
authors had failed.

Literature selection and data extraction

Two researchers independently screened the articles by
reviewing the titles and abstracts based on the inclusion
and exclusion criteria. Articles that did not meet the cri-
teria were excluded. For the potentially relevant articles,
a full-text review was conducted to finalize the selection.
In cases of disagreement, the issues were discussed and
resolved, or a decision was made by a third researcher.
The extracted literature covered: (1) general information:
including authors, year of publication, and sample size;
(2) characteristics of study subjects: including gender and
age; (3) interventions: including treatment and control
measures; (4) outcome indicators: (D reintubation rate @
ICU stay duration Q) extracorporeal circulation duration
® mechanical ventilation duration B PaO, at 24 h after
application of oxygen therapy ® PaCO, at 24 h after
application of oxygen therapy; (5) type of study.
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Risk of bias assessment in the literature

To evaluate the methodological quality of the RCTs,
we utilized the guidelines from the Cochrane Hand-
book for Systematic Reviews of Interventions [10].
Two researchers independently assessed the RCTs for
potential bias using the risk of bias assessment tool
recommended by the Cochrane Handbook. For cohort
studies, methodological quality was appraised using
the Newcastle-Ottawa Scale (NOS), with a maximum
score of 9. In cases of disagreement, the discrepancies
were discussed and resolved, or adjudicated by a third
researcher.

The RCT evaluation comprised seven domains: ran-
dom sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selec-
tive reporting, and other potential sources of bias. Each
domain was categorized as having a low, unclear, or
high risk of bias based on the assessment criteria. These
risks were designated as “L” for low risk of bias, “U”
for unclear risk, and “H” for high risk. Based on these
categorizations, the overall quality of the studies was
ranked as “A” if they fully met the criteria, “B” if they
partially met them, and “C” if they did not comply at
all.

The NOS criteria for cohort studies included three
main sections and eight domains, totaling a possible
score of 9. Scores less than five were deemed low qual-
ity, scores between 5 and 7 were considered moderate
quality, and scores between 8 and 9 were categorized as
high quality.

Statistical analysis

Data processing and graphical representations (for-
est plots) were conducted using RevMan 5.4 software.
For continuous variables, the effect measure was pre-
sented as the weighted mean difference (MD) with a
95% confidence interval (CI). For dichotomous vari-
ables, the risk ratio (RR) was utilized. Study hetero-
geneity was assessed using the X? test. If P>0.05 and
I?2<50%, the studies were deemed to have low hetero-
geneity, and a fixed-effects model was employed for the
analysis. Conversely, if P<0.05 and I2>50%, the stud-
ies demonstrated significant heterogeneity, prompting
the use of a random-effects model. In cases of identified
heterogeneity, we probed its source, conducted sub-
group analyses to pinpoint the root of the heterogene-
ity, or executed a sensitivity analysis. Funnel plots were
employed to assess potential publication bias among
the studies. The significance level for the meta-analysis
was set at « =0.05, with P-values less than 0.05 indicat-
ing statistical significance.

Page 3 of 10

Results

Results of the literature search

In the preliminary literature search, we identified 1,172
articles. Ultimately, five studies were included: one RCT
and four cohort studies. These studies encompassed
a total of 813 pediatric patients, with 515 in the HFNC
group and 298 in the NIV group. The process and results
of literature screening are depicted in Fig. 1, while the
key characteristics of the selected studies are detailed in
Table 1. Detailed information about the included studies
are shown in Table 2.

Quality assessment of included studies

The five selected studies were well-matched at baseline.
The methodological quality of the single RCT was evalu-
ated using the Cochrane’s risk of bias assessment tool.
Due to the specific nature of the intervention (distinctive
oxygen therapies), it was challenging to ensure complete
blinding for the researchers. As a result, there was a rec-
ognized high risk of bias in the blinding domain, leading
to a grade of ‘B’ for the study quality. This is visualized
in Fig. 2. The four cohort studies were assessed using the
Newcastle—Ottawa scale: three were deemed high-qual-
ity and one was of moderate quality, as shown in Table 3.

Meta-analysis results

Comparison of reintubation rates between HFNC and NIV
Five studies [11-15] examined the effects of HFNC versus
NIV on reintubation rates in post-CHS pediatric patients.
There was no significant heterogeneity among these stud-
ies (P=0.96, ’=0%). Using a fixed-effects model, there
was a significant reduction in the reintubation rates with
HENC compared to NIV [RR=0.36, 95%CI1(0.25—0.53),
P<0.00001]. The results are presented in Fig. 3.

Comparison of ICU stay duration between HFNC and NIV
Four studies [11, 12, 14, 15] analyzed the impact of HENC
versus NIV on ICU stay duration in post-CHS pediatric
patients. With noticeable heterogeneity present (P<0.05,
1=91%), a random-effects model was employed. There
was a significant reduction in ICU stay duration for the
HENC group as compared to the NIV group [MD =-4.75,
95%CI(-9.38—-0.12), P=0.04]. These findings are illus-
trated in Fig. 4.

Comparison of extracorporeal circulation duration

between HFNC and NIV

Four studies [11-13, 15] discussed the duration of extra-
corporeal circulation in pediatric CHS patients. Given
the lack of significant heterogeneity (P=0.14, I>=46%),
a fixed-effects model was used. There was no signifi-
cant difference between the HFNC and NIV groups
concerning the duration of extracorporeal circulation
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Fig. 1 Flow chart of literature screening

[MD=-8.27, 95%CI(-17.16—0.62), P=0.07]. The results
are depicted in Fig. 5.

Comparison of mechanical ventilation duration

between HFNC and NIV

Four studies [11, 12, 14, 15] investigated the effects of
either HFNC or NIV on the duration of mechanical
ventilation in post-CHS pediatric patients. Significant
heterogeneity was observed (P<0.05, I>=99%), so a ran-
dom-effects model was applied. No significant difference
was found between the HFNC and NIV groups concern-
ing the duration of mechanical ventilation [MD =-25.80,
95%CI(-61.92—10.31), P=0.16]. These findings are pre-
sented in Fig. 6.

Comparison of 24 h PaO, and PaCO, following oxygen
therapy between HFNC and NIV

Two studies [11, 13] analyzed PaO, levels 24 h after the
application of HFNC or NIV. Due to substantial het-
erogeneity (P<0.05, ?’=90%), a random-effects model
showed no significant difference in 24 h PaO, lev-
els between the HENC and NIV groups [MD=26.84,

not meet (n=25) ;

The clinical questions studied do
not fit (n=31) ;

No end indicator required by this
document (n=9) ;

Interventions do not meet (n=6) ;
Unable to access full text or data

(n=6) :

95%CI(-15.18—68.87), P=0.21]. The results are detailed
in Fig. 7. Three studies [11, 13, 14] evaluated the influence
of HENC versus NIV on 24 h post-oxygen therapy PaCO,
levels in post-CHS pediatric patients. Given the homoge-
neity (P>0.05, [*=46%), a fixed-effects model was used.
There was no significant difference in 24 h PaCO, levels
between the HFNC and NIV groups [MD =0.97, 95%CI(-
0.88—2.82), P=0.31]. The findings are shown in Fig. 8.

Sensitivity analysis

Using RevMan 5.4 software, effect sizes were com-
bined for each outcome. Each included study was then
sequentially excluded, and effect sizes recalculated. The
heterogeneity among studies remained consistent, and
the direction of meta-analysis results remained largely
unchanged, suggesting the robustness of our findings.

Discussion

Congenital heart disease (CHD) is prevalent in children
and often necessitates surgical intervention to enhance
survival and quality of life. Due to the underdeveloped
state of children’s organs, pediatric cardiac surgery (CHS)
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poses specific risks, leading to varying degrees of post-
operative complications. Post-CHS, children can experi-
ence respiratory failure due to fluid retention, heightened
pulmonary vascular resistance, muscle fatigue, diaphrag-
matic weakness, and edema [16]. This exacerbates medi-
cal challenges and directly influences patient outcomes.
Proactive postoperative respiratory management, includ-
ing the judicious selection of oxygen therapy, is crucial in
these patients.

In our study, we employed a meta-analytic approach to
assess the benefits of HENC over NIV in post-CHS pedi-
atric CHD patients. Key outcome measures, such as rein-
tubation rate, ICU stay length, mechanical ventilation
duration, and PaO, and PaCO,levels 24 h post oxygen
therapy, were evaluated. Our data indicated a statisti-
cally significant advantage for HENC in terms of reduced
reintubation rates and shorter ICU stays in comparison
to NIV. Jayashankar JP. found in his research that infants
in the HFNC group had a significantly lower incidence of
interface-related pressure ulcers [13].

Approximately 6-9% of pediatric CHS patients expe-
rience postoperative reintubation [17]. The superiority
of HENC in this regard, as observed in our study, could
be attributed to its distinctive physiological effects: (D
HENC delivers humidified gas at near body temperature,
with a consistent oxygen fraction ranging between 0.21-
1.0 and a peak flow rate of 60L/min [18]; @ 1ts airflow,
which often surpasses the patient’s peak inspiratory flow
rate, minimizes inspiratory resistance, thus reducing the
respiratory effort [19, 20], and consequently, the body’s

of research between comment NOS
subject groups score oxygen consumption [21]; @ The high-flow regime effec-
nsoad G 2022 4 5 5 o tlvgl}/ ﬂgshes the gpl?er ‘alrways anatomlf:al dead .spe{ce,
) facilitating CO,elimination and enhancing ventilation
Jessin 2020 4 2 1 7 R . .
) [22]; @ The therapy generates a mild, consistent posi-
Naohiro 2019 4 2 2 8 X R R
tive airway pressure that can re-expand collapsed alveoli,
Robert P 2018 4 2 2 8 . X . X .
thus improving oxygenation by augmenting end-expira-
tory lung volume and tidal volume [23]. Our study also
highlighted the shorter ICU stays with HENC, though
some investigations, like the one by Alok et al., [11] didn’t
echo this finding. This discrepancy can be attributed to
HFNC NIV Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alok 2022 1 61 2 60 2.8% 0.491[0.05, 5.28]
Asaad G 2022 34 320 30 104 B35% 0.37[0.24, 0.57] =
Jessin 2020 4 a0 10 a0 14.0% 0.40[0.13,1.19] I
Maohiro 2019 1 35 B 35 8.4% 0.17[0.02,1.31]
Robert P 2018 3 49 g 43 11.2% 0.381[0.11,1.33] - 1
Total (95% CI) 515 298 100.0% 0.36 [0.25, 0.53] .
Total events 43 56
Heterogeneity: Chi*= 0.65, df=4 (P =0.96), F=0% 'UAD1 071 1'0 1DD'

Test for overall effect: Z=5.23 (P = 0.00001)

Fig. 3 Forest plot of reintubation rates

Favours HFNC  Favours NIV
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HFNC NIV Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alok 2022 28 075 61 29 085 B0 311%  -0.10[0.41,021]
Asaad G 2022 4 4 320 10 13 104 284% -6.00[-8.56 -3.44] —
Maohiro 2019 10 3 35 17 14 35 227% -FO00[1205-188 — =
RobertP 2018 14 16.25 49 22 1874 49 17.8% -8.00[-15.16,-084] =
Total (95% CI) 165 248 100.0% -4.75[-9.38,-0.12] e E—
Heterogeneity: Tau?= 17.91; Chi*= 31,68, df= 3 (P < 0.00001); F=91% 0 + 5 ) "
Test for overall effect: Z=2.01 (P=0.04) Favours HFNG  Favours NIV
Fig. 4 Forest plot of ICU length of stay
HFNC NIV Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Alok 2022 743 472 61 708 375 60 343% 3.40[-11.78,18.58] —
Agaad G 2022 106 546 320 127 683 104 380% -21.00[-3543 -6.457] —
Jessin 2020 144 76.62 50 153.98 73.97 a0 91% -9.98[39.50,19.54] I
Rohert P 2018 99 501 49 102 538 49 18.7% -3.00[-23.58, 17.58] e B
Total (95% CI) 480 263 100.0% -8.27 [-17.16, 0.62] -
Heterogeneity: Chi*= 5.53, df= 3 (P=0.14); F= 46% . = ! =
Test for overall effect Z=1.82 (P=0.07) SUFavouéﬁHFNC DFav|'IUI'255I'-JIV 5t
Fig. 5 Forest plot of the duration of extracorporeal circulation
HFNC NIV Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alok 2022 25 14 61 275 14 B0 258% -0.25 [[0.77,0.27] 5
Asaad G 2022 17 132 320 86 356 104 255% -69.00[-75.99 -62.01] -
MNaohiro 2019 75 436 35 935 574 35 23.2%  -18.50[-42.38 5.38] -
Robert P 2018 a0 18 49 45 1.2 49 255% -1500[-22.97,-7.03] .
Total (95% CI) 465 248 100.0% -25.80[-61.92, 10.31] -~
Heterogeneity: Tau®= 1316.17; Chi*= 383.84, df= 3 (P < 0.00001); 7= 99% 1 > f t
Testfor overall effect Z=1.40 (P = 0.16) 100 Fawﬁrns HENG DFa.V,OUI.SE}SN 100
Fig. 6 Forest plot of the duration of mechanical ventilation
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Alak 2022 1914 443 61 1443 229 B0 528% 47.10[34.56, 59.64] L
Jessin 2020 12332 6433 60 11917 &6.07 50 472% 4.15[19.50, 27.80)
Total (95% CI) 111 110 100.0% 26.84 [-15.18, 68.87]
Heterogeneity: Tau?= 829.07; Chi*= 9.89, df=1 (P = 0.002); F= 90% l l . * l
geneity . ' ( ) -200 -100 0 100 200

Testfor overall effect Z=1.25(P=021)

Fig. 7 Forest plot of 24 h PaO, after oxygen therapy

various confounding factors, including patient health sta-
tus, concurrent complications, and the gravity of primary
conditions.

Notably, extended extracorporeal circulation post-
CHS poses a significant extubation failure risk, stem-
ming from an augmented inflammatory response,
heightened edema, compromised respiratory function,
and acute lung injuries, all of which decrease successful

Favours [experimental] Favours [control]

extubation likelihood. Prolonged mechanical ventila-
tion, too, is associated with increased extubation failure
[24]. In our research, neither extracorporeal circulation
duration nor mechanical ventilation duration exhib-
ited any statistical difference between HFNC and NIV
groups. This suggests that the evident benefit of HFNC
in reducing reintubation rates wasnt confounded
by these variables. Some individual studies [11, 12]
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Fig. 8 Forest plot of 24 h PaCO, after oxygen therapy

posited that HFNC enhances oxygen therapy efficiency.
However, our meta-analysis didn’t discern a signifi-
cant impact on 24 h PO, and PCO, levels post oxygen
therapy, possibly due to the limited observation time-
frame or the confined data from included studies. This
necessitates more comprehensive RCTs for a definitive
conclusion.

Our study had inherent limitations. One of the most
important limitations of this study is the inability to dif-
ferentiate between patient cohorts in terms of disease
severity. Although the severity of disease in the sub-
groups was not specified in the included studies, it is
not possible to tell whether the choice of HFNC versus
NIV is directly related to the severity of disease. How-
ever, in one of the RCT studies, grouping was done on
a randomized basis (using opaque envelopes). In the
remaining four cohort studies, there was a clear indi-
cation that the choice of the mode was based primar-
ily on the discretion of the attending pediatric cardiac
intensivist evaluating the infant at the time of extu-
bation. Secondly, The dearth of available RCTs made
conclusions tentative. While the unique patient popu-
lation, blinded to their oxygen therapy type, could sig-
nify participant blinding, the inherent specifics of the
study methodologies (distinct oxygen therapies) made
investigator blinding challenging. This might have
compromised the overall quality of our included stud-
ies. Additionally, given the limited available data, sub-
sequent research should consider subgroup analysis
based on surgery type, patient age, gender, body mass
index, extubation time post-surgery, and specific HFNC
and NIV device settings.

Conclusion

Using HFNC in pediatric patients following CHS after
extubation decreases the reintubation rate and reduces
the length of stay in the CICU compared to NIV. How-
ever, it doesn't show a significant improvement in
mechanical ventilation duration or oxygenation. Given

-6.30 [-18.47,5.87]

| 3

1.60 [-0.36, 3.56]

-3.40[-9.56, 2.76]

0.97[-0.88, 2.82]

-20 10 0 10 20
Favours [experimental] Favours [control]

the limited number of studies in this meta-analysis, the
observed heterogeneity, and the constraints of the study
design, the conclusions offer limited clinical guidance.
More robust RCTs are essential for further validation.
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