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Abstract

Objective: To analyze the optimal postextubation respiratory support in pediatric car-
diac surgery patients.

Design: Systematic review of randomized controlled trials.

Setting: Pediatric or neonatal intensive care units.

Participants: All aged children (<16 years) having cardiac surgery and postoperative
invasive ventilation.

Intervention: Noninvasive respiratory support, including high flow nasal cannula
(HFNC), conventional oxygen therapy (COT), noninvasive positive pressure ventila-
tion (NIPPV), continuous positive pressure (CPAP), and noninvasive high-frequency
oscillatory ventilation (NHFOV).

Measurement and Main Results: Studies were not pooled for statistical synthesis due
to the limited number and quality of the included studies. Risk ratios with 95% con-
fidence intervals were calculated for individual studies. A total of 167 studies were
screened and six were included. The risk of bias was low in one, high in one, and had
some concerns in four of the studies. Extubation failure (defined as reintubation) was
the main outcome of interest. Risk ratio for reintubation was 0.10 (Cl 0.02-0.40) and
1.07 (Cl 0.16-7.26) in HFNC versus COT, 0.49 (Cl 0.05-5.28) in HFNC versus NIPPV,
0.40 (Cl 0.08-1.94) in HFNOV versus CPAP, 0.75 (Cl 0.26-2.18) in HFNOV versus
NIPPV, and 1.37 (Cl 0.33-5.73) in CPAP versus NIPPV. Treatment durations did not
differ between the groups.

Conclusion: We did not find clear evidence of a difference in reintubation rates and
other clinical outcomes between different noninvasive ventilation strategies. Evidence
certainty was assessed to be very low due to the risk of bias, the small number of in-
cluded studies, and high imprecision. Future quality studies are needed to determine

the optimal postextubation support in pediatric cardiac surgery patients.
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1 | INTRODUCTION

Cardiac surgery constitutes a great challenge for patients' respira-
tory physiology due to hemodynamic alteration and systemic inflam-
mation after cardiopulmonary bypass (CPB) which may lead to fluid
accumulation, pulmonary edema, pleural effusion, and increased re-
sistance in pulmonary circulation.}™® In addition, muscular weakness
and diaphragmatic fatigue are common after cardiac surgery and can
further compromise respiratory recovery after extubation.*® These
problems are emphasized in pediatric patients due to inherent respi-
ratory organ anatomy and physiology.®”’

A need for reintubation is common after pediatric cardiac sur-
gery, as the reintubation rate has been reported to be up to 20%.87
During past decades, the use of noninvasive respiratory support
after extubation has gained popularity in preventing the risk of
re-intubation or extubation failure.}® There are several noninvasive
respiratory support modalities available. These modalities are based
on high-flow oxygen and continuous, intermittent, bi-level, or oscil-
lating positive airway pressure which helps keep the airways and al-
veoli open, helps to flush the airway dead space, and assists patients'
work of breathing.11 Research on the most favorable respiratory
support modality in pediatric intensive care unit (PICU) patients has
been published previously'?Y’

Thus far, the knowledge on which noninvasive respiratory support
modality would be the most beneficial concerning extubation failure
in pediatric cardiac surgery patients is lacking. We aimed to review

and summarize the existing research data to answer this question.

2 | METHODS
2.1 | Search and screening process

A search for this systematic review was performed on August 1,
2023. We searched PubMed, Scopus, and Web of Science databases
from inception to August 2023. The complete search strategy is de-
scribed in supplementary file 1. Two authors screened the abstracts
and evaluated full reports in Covidence software. Cases of discrep-

ancy were solved by mutual decision.

2.2 | Inclusion and exclusion criteria

We included studies focusing on pediatric cardiac surgery pa-
tients. The children were aged less than 16 years at the operation.
Cardiac surgery was defined as any heart procedure that was done
invasively using CPB. Percutaneous cardiac interventions were
excluded. We included only parallel-group randomized controlled
trials, as these studies are designed to show interventions clinical
efficacy. Crossover studies and cluster randomized studies were
excluded. All studies that reported observational data or did not
report original data were excluded. Furthermore, we excluded
non-English reports.

2.3 | Intervention

We included all noninvasive respiratory support modes (standard/
conventional oxygen therapy, high-flow nasal cannula (HFNC),
continuous positive airway pressure (CPAP), noninvasive intermit-
tent positive pressure ventilation (NIPPV), bi-phasic positive airway
pressure (BIPAP), noninvasive neurally adjusted ventilatory assist
(NIV-NAVA), and noninvasive high-frequency oscillatory ventila-
tion (NHFQOV). We did not have any criteria regarding the control

intervention.

24 | Outcomes

Our main outcome was the reintubation rate after extubation. Our
secondary outcomes were the noninvasive respiratory support du-
ration, PICU treatment duration, adverse event rate, and mortality.

2.5 | Data extraction

One author extracted the data and the other author validated the
extracted data to reduce unforced extraction errors. The following
information was extracted from each of the papers: authors, fund-
ing, competing interests, inclusion and exclusion criteria, interven-
tion definition, control definition, outcome definitions, number of

included patients, number of events, and main outcome measures.

2.6 | Risk of bias and evidence certainty

The risk of bias was assessed by two authors independently ac-
cording to Cochrane's Risk of Bias 2.0 tool. Robvis Shinyapp was
used to generate the risk of bias plots. In the risk of bias assess-
ment, the lack of blinding was not an issue as the outcome assess-
ment was considered not to be influenced by the knowledge of
the intervention.

Evidence certainty was assessed by the GRADE (Grading of
Recommendations Assessment, Development, and Evaluation)

framework. Evidence certainty was ranked from very low to high.

2.7 | Statistics

We aimed to conduct a meta-analysis where we would have used
inverse variance (DerSimonian and Laird—random effects method)
in the pooling of the studies. However, the number of included
studies was small and the comparisons only consisted of one or
two studies. Thus due to heterogeneity in the interventions and
the limited reporting we did not pool the results. Instead, we calcu-
lated risk ratios (RR) with a 95% confidence interval and mean dif-
ference (MD) with Cl for the individual studies that have presented
these in forest plots. RevMan 5.4.1 was used in the analyses.
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This study has been conducted according to the guidelines in
the Cochrane Handbook and reported according to the PRISMA
(Preferred reporting items in systematic reviews and meta-anal-
ysis) guideline. PRISMA Checklist is available in supplementary
materials.

2.8 | Protocol registration

Protocol was registered to Prospero.

3 | RESULTS
3.1 | Searchresults

Initial search retrieved 167 abstracts, of which 10 full texts were
further assessed and six studies included.??*¥8-2! (Figure 1).

3.2 | Study and patient characteristics

All of the studies were parallel-group randomized controlled trials.
Studies were conducted in China, India, Iran, and Italy. The num-
ber of participants varied between 80 and 121. The included pa-
tients were mostly infants, as the mean age was below 12 months
in all but one trial. The patient characteristics were comparable
between the intervention arms. (Table 1) The most common diag-
noses were atrium septal defects and ventricular septal defects
in the studies and the diagnoses were comparable between the
intervention and control arms in the studies. (Table S1) One study
did not present the diagnosis of the patients included in the study.
(Table S1) All of the study authors reported not having any com-
peting interests, and funding information was reported in three
of the six studies. (Table 1) Three studies analyzed HFNC, three
NIPPV, two COT, two NHFOV, and two CPAP. Inclusion criteria
were relatively similar between the studies, as the most variation

came from the age criterion (Table 1).

3.3 | Risk of bias

Overall risk of bias was low in one, had some concerns in four stud-
ies, and was high in one of the included studies. (Figure 2) Most is-
sues were due to the selection of reported results, as trial protocols

were not published.
3.4 | Main outcome
The main outcome of interest, the reintubation rate after extu-

bation, was assessed in all of the included studies. HFNC was
compared to COT in two studies (total of 171 children) and RR for

reintubation was 0.10 (Cl 0.02-0.40) and 1.07 (Cl 0.16-7.26). One
study included 121 children and compared HFNC to NIPPV and
the RR was 0.49 (Cl 0.05-5.28). HFNOV was compared to CPAP
in one study (80 infants) and the RR was 0.40 (Cl 0.08-1.94). One
study with 92 children compared HFNOV to NIPPV and the RR
was 0.75 (Cl 0.26-2.18). Finally, CPAP was compared to NIPPV
in one study with 83 infants and the RR was 1.37 (Cl 0.33-5.73).
(Figure 3) Evidence certainty was ranked as very low, due to het-
erogeneity, risk of bias, imprecision, and low number of included

studies per ventilation strategy.

3.5 | Secondary outcomes

Length of stay postoperatively at the PICU was assessed in three
studies. Two compared HFNC to COT, and they found a difference
of -0.79days (Cl -1.02 to -0.56days) and-1.20days (Cl -2.89
to 0.49) indicating a possible benefit of HFNC compared to COT.
(Figure S1) One study with 121 children compared HFNC to NIPPV
and the MD in the length of stay was -0.10days (-0.41 to 0.21;
Figure S1).

Noninvasive ventilation treatment duration was assessed in
three studies. One study with 80 children compared HFNOV to
CPAP and the difference was -0.20days (-0.35 to -0.05) favoring
NHFOV. (Figure S2) HFNOV was compared to NIPPV in one study
and it did not find evidence of a difference (MD -0.0days, Cl -0.61
to 0.61; Figure S2). One study compared CPAP to NIPPV and the
difference in treatment duration was -0.1days (Cl -0.25 to 0.05;
Figure S2).

Pneumothorax rates were compared in three studies. Two stud-
ies compared HFNC to COT and did not find evidence of a difference
(RR0.62,Cl10.18-2.14; RR 1.07, C1 0.07-16.57; Figure S3). One study
compared HFNOV to CPAP, but the effect estimate had high uncer-
tainty due to a low event rate (RR 0.20, Cl 0.01-4.04; Figure S3).
Mortality during the hospitalization period was assessed in two
studies. Both had such a low event rate, that the comparisons had
high uncertainty. (Figure S4).

4 | DISCUSSION

Several noninvasive respiratory support strategies have been com-
pared in randomized controlled trials. However, as the main goal of
postextubation respiratory support is to prevent extubation fail-
ure, this is clinically the most important outcome. The rate of ex-
tubation failure was analyzed in all of the included studies, but due
to the low event rates (typically <10%) combined with relatively
small sample sizes (80-121 patients), were the trials underpow-
ered. Thus, conclusions on the best noninvasive support for the
prevention of extubation failure in pediatric cardiac surgery pa-
tients cannot be drawn based on the currently available evidence.

As stated in this review, there is a need for studies on the most
favorable noninvasive respiratory support strategy in pediatric
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Studies from databases/registers (n = 275)

Scopus (n = 104) References from other sources (n = 0)
PubMed (n =92) Citatign searching (n =0)
Web of Science (n = 79) Grey literature (n = 0)
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=
=
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> References removed (n = 108)

Studies screened (n = 167) > Studies excluded (n = 157)
Studies sought for retrieval (n = 10) Studies not retrieved (n = 0)

Screening

}

Studies assessed for eligibility (n = 10)

Studies excluded (n = 4)
Wrong intervention (n = 3)
Wrong study design (n = 1)

A\ 4

Studies included in review (n = 6)

FIGURE 1 PRISMA flowchart of the review process.

cardiac surgery patients, although the topic has been examined failure than NIPPV or CPAP.?? In preterm neonates, NIV-NAVA
in other pediatric patient groups. In general PICU patients, HFNC and NHFOV have been promising postextubation respiratory
has been shown to be associated with higher rates of extubation support options.’®?3 In NIV-NAVA, the noninvasive ventilation
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Risk of bias domains

Domains:
D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.

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

FIGURE 2 Risk of bias assessed in
five domains and overall according to
Cochrane risk of bias 2.0 tool.

Judgement

® nigh

- Some concerns

. Low

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 HFNC vs COT
Envati etal 2022 2 42 19 40 0.10[0.02,0.40] t
Testaetal 2014 2 43 2 46 1.07 [0.16, 7.26]

1.1.2 HENC vs NIPPV

Kumar et al 2022 1 61 2 60
1.1.3 HFNOV vs CPAP
Wu etal 2021 2 40 5 40

1.1.4 HFNOV vs NIPPV
Wu etal 2022 5 45 7 47

1.1.5 CPAP vs NIPPV
Zheng etal 2022 4 41 3 42

0.49[0.05, 5.28]

0.40[0.08, 1.94]

0.75[0.26,2.18]

1.37[0.33,5.73]

002 01 10 50
Favours [experimental] Favours [control]

FIGURE 3 Reintubation rate compared between different noninvasive ventilation strategies.

is synchronized by recognizing the electronic activity of the dia-
phragm with a special esophageal catheter.?* Two previous studies
have analyzed NIV-NAVA in cardiac surgery patients. A case-
control study reported that NIV-NAVA did decrease reintubation
rate or length of stay.* A crossover randomized trial compared
NIV-NAVA to CPAP and reported that NIV-NAVA reduced breath-
ing work and improved synchrony.15 However, despite these prom-
ising findings in other patient groups, there are no parallel group
randomized studies analyzing the efficacy of clinically relevant
outcomes in cardiac surgery patients. NHFOV has gained popular-
ity and favorable evidence in recent years. The high-frequency os-
cillation has been shown to improve gas exchange and functional
residual capacity by providing a continuous distending pressure,
and by that decreasing the infant's muscle work for breathing.25

Among preterm neonates, NHFOV has been shown to reduce ex-
tubation failures compared to NIPPV and CPAP.X*Y NHFOV was
analyzed in two included trials and compared to CPAP and NIPPV.
The trials were rather small and the results had clear imprecision,
but it seemed that NHFOV might have potential in the prevention
of extubation failures.*>*® Reporting on adverse events was lim-
ited in all of the included trials in this systematic review. None of
the included studies aimed to assess costs related to treatment,
as ventilators able to provide NHFOV are more expensive than
those providing CPAP, NIPPV, or HFNC. In adult patients, HFNC

126 A recent

was non-inferior to BiPAP in a large randomized tria
meta-analysis rated that NIPPV was the best, followed by HFNC
and CPAP in preventing postoperative pulmonary complications

in adult patients.27 However, these findings cannot be transferred
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to pediatric cardiac surgery patients, due to differences in the

respiratory physiology.

4.1 | Strengths and limitations

This systematic review was conducted according to a preregistered
protocol without any protocol deviations. Most limitations for this
review come from the quality of the included studies, and the low
number of included studies. Only one of the included studies was
judged to be at low risk of bias, other studies had issues mostly with
possible selective reporting. All the studies were too small to detect
clinically relevant differences practically in all analyzed outcomes.
Thus, the results have high imprecision. Furthermore, the clinical
indications and patient characteristics were heterogeneous in the
included studies, which leads to clear heterogeneity, and thus we
decided to not pool any of the results together.

4.2 | Recommendations for future studies

Future studies are needed with large enough sample sizes to pre-
cisely estimate the two most clinically relevant outcomes, reintuba-
tion rate and length of stay. Cost-effectiveness analyses based on
the respiratory support expenses compared to a possible reduction
in the length of intensive care unit stay would be beneficial in making
guidelines. Future studies should also be conducted rigorously and
follow good reporting and conducting guidelines to reduce possible
sources of bias.

5 | CONCLUSION

Several postextubation noninvasive respiratory support strategies
after pediatric cardiac surgery have been compared in randomized
trials. Based on the results of these studies, a conclusion of supe-
riority or inferiority of any noninvasive respiratory support cannot
be made. Evidence certainty was assessed to be very low. Future
evidence in larger trials is needed to determine the optimal postex-

tubation respiratory support.
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