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Abstract

Background: High-flow nasal cannula oxygenation (HFNC) and noninvasive positive-pressure ventilation (NPPV)
possibly decrease tracheal reintubation rates better than conventional oxygen therapy (COT); however, few large-
scale studies have compared HFNC and NPPV. We conducted a network meta-analysis (NMA) to compare the effec-
tiveness of three post-extubation respiratory support devices (HENC, NPPV, and COT) in reducing the mortality and
reintubation risk.

Methods: The Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE, and Ichushi databases were
searched. COT, NPPV, and HFNC use were assessed in patients who were aged > 16 years, underwent invasive
mechanical ventilation for> 12 h for acute respiratory failure, and were scheduled for extubation after spontaneous
breathing trials. The GRADE Working Group Approach was performed using a frequentist-based approach with mul-
tivariate random-effect meta-analysis. Short-term mortality and reintubation and post-extubation respiratory failure
rates were compared.

Results: After evaluating 4631 records, 15 studies and 2600 patients were included. The main cause of acute hypoxic
respiratory failure was pneumonia. Although NPPV/HFNC use did not significantly lower the mortality risk (relative risk
[95% confidence interval] 0.75 [0.53-1.06] and 0.92 [0.67-1.27]; low and moderate certainty, respectively), HFNC use
significantly lowered the reintubation risk (0.54 [0.32-0.89]; high certainty) compared to COT use. The associations of
mortality with NPPV and HFNC use with respect to either outcome did not differ significantly (short-term mortality
and reintubation, relative risk [95% confidence interval] 0.81 [0.61-1.08] and 1.02 [0.53-1.97]; moderate and very low
certainty, respectively).

Conclusion: NPPV or HFNC use may not reduce the risk of short-term mortality; however, they may reduce the risk of
endotracheal reintubation.

Trial registration number and date of registration: PROSPERO (registration number: CRD42020139112, 01/21/2020).

Keywords: Post-extubation, Conventional oxygen therapy, Noninvasive ventilation, High-flow nasal cannula,
Systematic review, Meta-analysis, Network meta-analysis
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trial (SBT) require reintubation within 48-72 h [2],
which may be associated with prolonged mechanical
ventilation, extended intensive care unit (ICU) and hos-
pital stay, and increased mortality [2, 3].

Various oxygenation therapies have been proposed
to prevent reintubation in ARF due to several causes,
including hypoxia, ventilatory insufficiency, and
increased respiratory workload. Conventional oxy-
gen therapy (COT) and noninvasive positive-pressure
ventilation (NPPV) have been recommended as post-
extubation respiratory support devices [4—7]; recently,
high-flow nasal cannula oxygenation (HFNC) has also
been used as a prophylactic post-extubation respiratory
support device to avoid reintubation [8, 9].

NPPV has been reported to be effective in preventing
reintubation after planned extubation in high-risk patients
[6, 7, 10, 11]. However, NPPV may increase the risk of
complications, including aspiration pneumonia, inter-
face intolerance, and patient discomfort [12, 13]. HFNC
can minimize the complications of NPPV by delivering
high concentrations of humidified oxygen via a nasal can-
nula. However, contradictory results have been reported
despite the large number of clinical trials [14, 15].

Some systematic reviews and meta-analyses which
compared two of the three respiratory support devices
(COT, NPPV, and HFNC) [16-20] have shown that
in terms of reducing the rate of tracheal reintuba-
tion, HFNC was better than COT but equivalent to
NPPV. Moreover, there were no significant differences
between the therapies in terms of mortality rates.
Although several studies have compared HFNC and
NPPV with COT, few large-scale studies have com-
pared HENC with NPPV. Therefore, small sample sizes
may have affected the results of systematic reviews.

Therefore, we performed a systematic review and net-
work meta-analysis (NMA) to compare the effective-
ness of three respiratory support devices in reducing
mortality and reintubation rates by including studies
that compared two of the three respiratory support
devices (COT, NPPV, and HENC) in patients who were
intubated for ARF after scheduled extubation.

Methods

Protocol and registration

This systematic review was designed in accordance with
the Preferred Reporting Items for Systematic review
and Meta-Analyses (PRISMA) extension statements
for reporting systematic reviews that incorporate NMA
(Additional file 1: Table S1) [21]. The review protocol
was registered with PROSPERO (CRD42020139112).
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Studies, participants, interventions/comparators,

and outcomes

We included all reports of randomized controlled tri-
als (RCTs) in English and Japanese regardless of pub-
lication status (e.g., published, unpublished, and
academic abstracts). Randomized crossover, cluster ran-
domized, and quasi-experiment trials were excluded.
This meta-analysis included reviews of adult patients
(age > 16 years) who underwent IMV for more than 12 h
due to ARF and were scheduled for extubation after a
SBT. The definitions of acute hypoxic respiratory failure
and SBT were individualized for each study. This meta-
analysis excluded studies that included patients who
underwent tracheostomies, experienced accidental extu-
bation or self-extubation, those who experienced hyper-
capnia during SBT, and those who had do-not-resuscitate
(DNR) orders. Studies in which more than half of the
study population had acute chronic obstructive pulmo-
nary disease (COPD) exacerbation, those that included
patients with a postoperative status or who were being
treated for trauma, and those that included patients with
congestive heart failure were also excluded. We included
RCTs that compared two of the three available respira-
tory support devices: (1) COT: low-flow nasal cannula,
face mask, and venturi mask (no flow rate restriction);
(2) NPPV: the type of mask, mode, duration of ventila-
tion, and weaning methods were not limited; and (3)
HENC: no limitations on the flow rate or F,O,. The out-
come measures evaluated were as follows: the primary
outcome was the short-term mortality rate ([1] at the
end of the follow-up period for each trial within 30 days,
[2] at ICU discharge, and [3] at hospital discharge). Sec-
ondary outcomes included the reintubation rate within
72 h (reintubation included the need for intubation and
NPPV) and post-extubation respiratory failure rate (the
definition was individualized for each study).

Data sources and search details

We searched the Cochrane Central Register of Con-
trolled Trials (CENTRAL), MEDLINE via PubMed,
EMBASE, and Ichushi, a database of Japanese papers
for eligible trials. We searched for ongoing trials in the
World Health Organization International Clinical Tri-
als Platform Search Portal. In cases of missing data, we
attempted to contact the authors of each study. Searches
were performed in December 2020. Details regarding
search strategy and when the searches were performed
are shown in Additional file 1: Table S2.
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Study selection, data collection process, and data items
Two of the three physicians (YO, CN, and HY) screened
the title, abstract, and full text during the first and sec-
ond screenings for relevant studies and independently
extracted data from eligible studies into standardized data
forms. For abstract-only studies that could not be evalu-
ated according to the eligibility criteria, we contacted the
authors. Disagreements, if any, between two reviewers
were resolved via discussion among themselves or with
a third reviewer as necessary. Data extraction from iden-
tified studies during the second screening was also per-
formed by two of the three physicians (YO, CN, and HY)
using two tools: (1) the Cochrane Data Collection Form
(RCTs only) [22] and (2) Review Manager (RevMan) soft-
ware V.5.3.5 [23]. Disagreements, if any, were resolved in
the same manner as for the screening process.

Risk of bias within individual studies

The risk of bias for primary outcomes was independently
assessed by two of the three physicians (YO, CN, and HY)
using the Cochrane Risk of Bias tool 1.0 [24, 25]. Each
bias was graded as “low risk,” “unclear risk,” or “high-
risk” Discrepancies between reviewers were resolved by

mutual discussion.

Statistical analyses

Direct comparison meta-analysis

A pairwise meta-analysis was performed by using RevMan
5.3 (RevMan 2014). Forest plots were used for the meta-
analysis, and effect sizes are expressed as relative risk (RR)
and weighted mean differences, both with 95% confidence
intervals (CI), for categorical and continuous data, respec-
tively. Outcome measures were pooled using a random-
effect model to include study-specific effects in measures.
A two-sided p value <0.05 was considered significant.

Study heterogeneity between trials for each outcome
was assessed by visual inspection of forest plots and
with an P statistic for quantifying inconsistency [26]
(RevMan; 1% 0-40%, 30—60%, 50—90%, and 75—-100% as
minimal, moderate, substantial, and considerable hetero-
geneity, respectively). When heterogeneity was identified
(?>50%), we investigated the reason and quantified it
using the Chi-square test (p value).

We planned to use a funnel plot, Begg’s adjusted rank
correlation test, and Egger’s regression asymmetry test
for the possibility of publication bias, if > 10 studies were
available (RevMan) [27]. However, as<10 studies were
included for each outcome, we did not test for funnel plot
asymmetry.

Network comparison meta-analysis
Data synthesis A network plot was constructed to deter-
mine the number of studies and patients included in this
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meta-analysis. An NMA, using the netmeta 0.9-5 R-pack-
age (version 3.5.1), was performed using a frequentist-
based approach with multivariate random-effect meta-
analysis, and effect size was expressed as the RR (95% CI).
Covariance between two estimates from the same study
shows variance of data in the shared arm, as calculated
in a multivariable meta-analysis performed using the
GRADE Working Group Approach for an NMA.

Transitivity 'The transitivity assumption underlying
the NMA was evaluated by comparing the distribution
of clinical and methodological variables that could act
as effect modifiers across treatment comparisons.

Ranking Ranking plots (rankograms) were constructed
using the probability that a given treatment had the
highest event rate for each outcome. The surface under
the cumulative ranking curve (SUCRA), which is a sim-
ple transformation of the mean rank, was used to set the
hierarchy of the treatments [28] and was created using
standard software (Stata 15.0, Stata, TX, USA).

Risk of bias across studies Assessment of the risk of
bias across studies followed considerations on pairwise
meta-analysis. Conditions associated with “suspected”
and “undetected” bias across studies were determined
by the presence of publication bias as shown by direct
comparison.

Indirectness 'The indirectness of each study included
in the network was evaluated according to its relevance
to the research question, which consisted of the study
population, interventions, outcomes, and study setting,
and was classified as low, moderate, or high. Study-level
judgments could be combined with the percentage con-
tribution matrix.

Imprecision 'The approach to imprecision comprised a
comparison of the range of treatment effects included in
the 95% CI with the range of equivalence. We assessed
the heterogeneity of treatment effects for a clinically
important risk ratio (< 0.8 or>1.25) in CIL.

Heterogeneity To assess the amount of heterogeneity,
we compared the posterior distribution of the estimated
heterogeneity variance with its predictive distribution
[29]. The concordance between assessments based on
CI and prediction intervals, which do and do not cap-
ture heterogeneity, respectively, was used to assess the
importance of heterogeneity. We assessed the heteroge-
neity of treatment effects for a clinically important risk
ratio of < 0.8 or > 1.25 in prediction intervals.
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Assessment of inconsistency The inconsistency of the net-
work model was estimated from inconsistency factors and
their uncertainty, and consistency was statistically evalu-
ated using the design-by-treatment interaction test [30].
For comparisons informed only by direct evidence, there
was no disagreement between evidence sources, and thus,
there was “no concern” for incoherence. If only indirect
evidence was included, there was always “some concern.”
“Major concern” was considered when the p value of the
design-by-treatment interaction test was <0.01.

Results

Study selection

A comprehensive search yielded a total of 4,631 records
(Additional file 1: Fig. S1), from which 15 studies were
included in this NMA [6, 14, 15, 31-42]. Of the 15
studies, one [35] was an abstract that was presented at
a conference and not published elsewhere. None of the
studies was a three-group study that directly compared
NPPV with HFNC and COT; studies 5, 9, and 1 com-
pared NPPV with COT, HENC with COT, and HENC
with NPPV, respectively (network structures per out-
come in Fig. 1).

Study characteristics

The protocols and characteristics of each study included
in this meta-analysis are summarized in Table 1. A total
of 2,600 patients were included in the quantitative analy-
sis. The main cause of acute hypoxic respiratory failure
was pneumonia, followed by postoperative respiratory
failure. Of the 15 studies, two mainly included patients
with exacerbation of chronic respiratory disorders.

Risk of bias within studies

The risk of bias within included studies is shown in Addi-
tional file 1: Fig. S2. Although not all studies blinded par-
ticipants and clinicians to the intervention, almost all
other domains of the risk of bias were low (Additional
file 1: Fig. S2). All studies were judged as having a low risk
of bias for outcomes (risk of bias across studies).

Network meta-analysis

The results of pairwise comparisons are shown in Addi-
tional file 1: Figs. S3, S4, and S5 (short-term mortality,
reintubation, and post-extubation respiratory failure,
respectively). The funnel plot of each outcome was not
described because the number of studies included for
each comparison was < 10.

Short-term mortality
Thirteen studies were included in the analysis of short-
term mortality. Compared with COT, NPPV (RR 0.75
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[95% CI 0.53-1.06]: low certainty) and HENC (RR 0.92
[95% CI 0.67-1.27]: moderate certainty) were not asso-
ciated with a lower risk of mortality (Fig. 2a). There was
no significant difference in association with mortal-
ity between NPPV and HFNC (RR 0.81 [95% CI 0.61—
1.08]: moderate certainty). Anticipated absolute effects
and 95% CIs between two comparisons decreased by
26 per 1000 (95% CI—49 to+6) for NPPV vs. COT, 7
per 1000 (95% CI— 28 to+ 23) for HFNC vs. COT and
39 per 1000 (95% CI—79 to+16) for NPPV vs. HENC
(Table 2).

Confidence in the RR of each comparison and short-
term mortality, assessed by the GRADE system, is shown
in Table 3. Incoherence between direct and indirect
RRs was not observed for any of the three comparisons,
according to the p values of inconsistency. The heteroge-
neity for all three comparisons resulted in a “no concern”
rating due to the 95% prediction interval of the risk ratio.

Figure 3a shows the ranking analysis results, which
revealed that the hierarchy for efficacy in reducing
short-term mortality was NPPV (SUCRA 93.2) >HENC
(SUCRA 36.7) >COT (SUCRA 20.1). Table 2 summarizes
the findings of the NMA for short-term mortality. More-
over, Additional file 1: Table S3 summarizes the estimate
and certainty of the evidence of direct, indirect, and net-
work comparisons.

Endotracheal reintubation
Fourteen studies were included in the analysis of endotra-
cheal reintubation. Compared with COT, HFNC (RR 0.54
[95% CI 0.32-0.89]: high certainty) was significantly asso-
ciated with a lower risk of reintubation (Fig. 2b), although
there was no significant difference in association with
reintubation between NPPV and HFNC (RR 1.02 [95% CI
0.53-1.97]: low certainty) and between NPPV and COT
(RR 0.55 [95% CI 0.30—1.00]: moderate certainty). Antici-
pated absolute effects and 95% Cls between each of the
two comparisons decreased by 62 per 1000 (95% CI— 96
to 0) for NPPV vs. COT and 60 per 1000 (95% CI— 88
to —14) for HENC vs. COT, but increased by 5 per 1000
(95% CI— 107 to+221) for NPPV vs. HFNC (Table 4).

Table 3 shows the confidence in the RR of each com-
parison and reintubation assessed by the GRADE sys-
tem. Incoherence between direct and indirect RRs was
not observed for all three comparisons and was decided
by the p value of inconsistency. The heterogeneity of
two comparisons (NPPV vs. COT and HFNC vs. COT)
resulted in “some concern” and “major concern,” but that
of one comparison (HFNC vs. NPPV) resulted in a “no
concern” rating due to the 95% prediction interval of the
risk ratio.

Figure 3b indicates the ranking analysis of the hier-
archy for efficacy in reducing reintubation: HENC
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a Short-term mortality

824 participants

HFNC

1RCT

cot

918 participants

5RCTs

NPPV
b Reintubation

884 participants

HFENC

coT

927 participants

4 RCTs

NPPV

644 participants

C Post-extubation respiratory failure

732 participants

HFNC

coTt

2 RCTs

NPPV

595 participants

Fig. 1 Network plots correlating noninvasive oxygenation strategies with short-term mortality, reintubation, post-extubation respiratory failure. a
Short-term mortality. b. Reintubation, ¢ post-extubation respiratory failure
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Table 1 Study populations, protocols, and study characteristics
References Publication ~ Sample Protocols Baseline characteristics
status sizen
Intervention  Control Outcomes Age, years PaO,:FO, Main Duration of
setting setting ratio reason for intubation,
initiation of ~ days
mechanical
ventilation
Ferrer et al. Published 162 NPPV coT 1. Mortality NPPV: 72 (10) NPPV: 278 Exacerbation NPPV:6 (4)
[6] (in-hospi- ~ COT:70(11) (95) of chronic  COT: 7 (5)
tal) COT: 276 (94) respiratory
2. Reintuba- disorders
tion [30.2%)]
3. Respiratory
failure
Suetal. [33] Published 406 NPPV cot 1.Mortality ~ NPPV:65 (1)  NA Postopera- NA
(in-ICU) COT:63 (1) tive respira-
2. Reintuba- tory failure
tion [24.4%)]
3. Respiratory
failure
Mohamed Published 120 NPPV CcoT 1. Mortality NPPV:64 (7)  NA COPD NPPV: 6.2 (1.6)
and (in-ICU) COT:69 (7) [29.2%)] COT:7.1(1.8)
Abdalla
[32]
Ornicoetal.  Published 38 NPPV CcOoT 1. Mortality NPPV:51 (18) NA Pneumonia ~ NPPV:9.9 (8.1)
[31] (in-hospi-  COT:49 (22) [84.2%] COT:95 (6.1)
tal)
2. Reintuba-
tion
Maggiore Published 105 HFNC coTr 1.Mortality ~ HFNC: 65 HFNC: 239 Pneumonia  HFNC: 4.6 (4.1)
etal. [38] (in-ICU) (18) (42) [45.7%)] COT:5.2(3.7)
2.Reintuba- COT64(17) COT:242(51)
tion
Hernandez Published 527 HFNC cor 1.Mortality ~ HFNC: 51 HFNC: 227 Urgent HFNC: 1 [1-3]°
[15] (in-hospi- (13) (25) surgery COT: 2 [1-4]°
tal) COT:52(12) COT:237(34)  [24.9%]
2. Reintuba-
tion
3. Respiratory
failure
Hernandez Published 604 NPPV HFNC 1. Mortality NPPV: 64 (16) NPPV: 194 Urgent NPPV: 4 [2-8]°
etal. [36] (in-hospi-  HFNC: 65 (37) surgery HFNC: 4 [2-9]°
tal) (15) HENC: 191 [31.5%)]
2. Reintuba- (34)
tion
3. Respiratory
failure
Armanetal.  Unpublished 15 HFNC cot 1.Mortality ~ NA NA AHRF NA
[35] (30 days)
2. Reintuba-
tion
Fernandez Published 155 HFNC CcoT 1. Mortality HFNC: 67 NA AHRF HFNC: 8.2 (5.9)
etal. [14] (in-ICUY, In- (12) COT:74(3.6)
hospital) COT: 70 (13)
2. Reintuba-
tion
3. Respiratory
failure
Song et al. Published 60 HFNC cor 1.Reintuba-  HFNC: 66 NA Pneumonia  HFNC: 5.5 (3.4)
[37] tion (14) [41.7%] COT: 54 (2.8

COT71(13)
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Table 1 (continued)
References Publication ~ Sample Protocols Baseline characteristics
status sizen
Intervention  Control Outcomes Age, years PaO,:FO, Main Duration of
setting setting ratio reason for intubation,
initiation of ~ days
mechanical
ventilation
Thanthi- Published 58 NPPV cor 1. Mortality NPPV: 63 (22) NPPV:330 Pneumonia  NPPV:4 [5]°
taweewat (28 days) COT:63 (19) (104) [58.6%)] COoT: 7 [71°
etal. [34] 2. Reintuba- COT: 359
tion (179)
Choetal. Published 60 HFNC cot 1.Mortality ~ HFNC:79(8) HFNC: 272 Pneumonia  HFNC: 7.1 (4.7)
[39] (in-ICU, In-  COT 77 (7) (99) [66.7%)] COT5.7(5.2)
hospital) COT 297
2. Reintuba- (119)
tion
Huetal.[40] Published 56 HFNC cort 1.Mortality ~ HFNC: 73 HFNC: 320 Pneumonia  HFNC: 9 [6]?
(in-hospi- (13) (90) [39.3%] COT: 7 [4)°
tal) COT75(11)  COT279(91)
2. Reintuba-
tion
3. Respiratory
failure
Matsuda Published 69 HFNC CcoT 1.Reintuba-  HFNC: 72 HFNC: 227 Pneumonia  HFNC: 5 (2)
etal. [41] tion (18) (43) [53.6%)] COoT6(3)
COT71(16) COT216(37)
Theerawit Published 140 HFNC cotr 1. Mortality HFNC: 68 HFNC: 298 Pneumonia  HFNC: 6.9 (4.9)
etal. [42] (in-hospi- (19) (96) [59.3%] COT 6.2 (4.0)
tal) COT71(16)  COT 289
2. Reintuba- (114)
tion

3. Respiratory

failure

AHRF acute hypoxic respiratory failure, COPD chronic obstructive pulmonary disease, COT conventional oxygen therapy, ICU intensive care unit, HFNC high-flow nasal

cannula, NPPV noninvasive positive-pressure ventilation

Continuous data are shown as mean and standard deviation, except for data labeled with “a”

@ Data reported as median and IQR (interquartile range)

(SUCRA 75.8)>NPPV (SUCRA 71.6)>COT (SUCRA
2.5). Table 4 summarizes findings of the NMA for rein-
tubation; Additional file 1: Table S3 presents the esti-
mate and certainty of the evidence of direct, indirect,
and network comparisons.

Post-extubation respiratory failure

Seven studies were included in the analysis of post-extu-
bation respiratory failure. Compared with COT, NPPV
(RR 0.86 [95% CI 0.54—1.38]: low certainty) and HENC
(RR 0.66 [95% CI 0.43-1.02]: moderate certainty) were
not associated with a lower risk of post-extubation res-
piratory failure (Fig. 2c). There was no significant dif-
ference in association with mortality between NPPV
and HENC (RR 1.30 [95% CI 0.79-2.14]: low certainty).
Anticipated absolute effects and 95% Cls between each
of the two comparisons decreased by 26 per 1000 (95%
CI—87 to+71) for NPPV vs. COT and 57 per 1000 (95%
CI—95 to+3) for HENC vs. COT, but increased by 81

per 1000 (95% CI—56 to+307) for NPPV vs. HFNC
(Table 5).

Table 3 shows the confidence in the RR of each com-
parison and post-extubation respiratory failure assessed
by the GRADE system. Incoherence between direct and
indirect RRs was not observed for all three comparisons,
as indicated by the p value of inconsistency. The hetero-
geneity of one comparison (HENC vs. COT) and that of
two comparisons (NPPV vs. COT and HFENC vs. NPPV)
resulted in “some concern” and “no concern” ratings due
to the 95% prediction interval of the risk ratio.

Figure 3c shows the results of the ranking analysis of
the hierarchy for efficacy in reducing post-extubation res-
piratory failure: HENC (SUCRA 93.5) > NPPV (SUCRA
43.2) > COT (SUCRA 13.3). Table 5 summarizes findings
of the NMA for post-extubation respiratory failure, and
Additional file 1: Table S3 summarizes the estimate and
certainty of the evidence of direct, indirect, and network
comparisons.
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a Short-term mortality
Favors Favors
0,
Treatment Comparator RR (95% Crl) Treatment Comparator
NPPV coT 0.75 (0.53-1.06) ——
HFNC cot 0.92 (0.67-1.27) ——
NPPV HFNC 0.81 (0.61-1.08) +
0.2 1 2 5
RR (95% Crl)
b Reintubation
Favors Favors
()
Treatment Comparator RR (95% Crl) Treatment Comparator
NPPV cot 0.55 (0.30-1.00) —0—'
HFNC coTt 0.54 (0.32-0.89) —_—
NPPV HFNC 1.02 (0.53-1.97) ’
0.2 1 2 5
RR (95% Crl)
C Post-extubation respiratory failure
Treatment Comparator RR (95% Crl) Favors Favors
Treatment Comparator
NPPV cot 0.86 (0.54-1.38) ——
HFNC cot 0.66 (0.43-1.02) +
NPPV HFNC 1.30 (0.79-2.14) —
0.2 1 2 5
RR (95% Crl)
Fig. 2 Network meta-analysis forest plots on noninvasive oxygenation strategies and short-term mortality, reintubation, post-extubation respiratory
failure. a. Short-term mortality. b. Reintubation. ¢ Post-extubation respiratory failure

Discussion mortality risk compared to COT use. The SUCRA value
In our NMA, there were no between-group differences  of short-term mortality for HFNC was better than those
in short-term mortality (groups: NPPV, HFNC, and for NPPV and COT. However, as a secondary outcome,
COT). NPPV/HENC use did not significantly lower the the use of HENC significantly lowered the reintubation
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Table 2 Summary of findings for short-term mortality from the network meta-analysis

Estimates of effects, credible intervals, and certainty of the evidence for oxygen therapy after extubation in patients recovering from sepsis
Frequency NMA-SoF table
BENEFITS
Patients or population: patients with sepsis after extubation Network plot*
Interventions: One of the following oxygen therapies: NPPV, HFNC, or COT
Comparator (reference): One therapy other than the therapy included in intervention HFNC
Outcome: Short-term mortality
Setting: In-hospital
[1reT| cot
918 participants
5RCTs
NPPV
704 participants
Total studies: 13 Relative effect Anticipated absolute effect (95% CI)*** Certainty of | MeanRank**** | Interpretation of
Total patients: 2,446 (95% CI)** Without intervention With intervention Difference the evidence (SUCRA) findings
0.75 26 fewer per
NPPY (0.53 — 1.06) 1000 OO 1.1 Probabl
53 — 1. (S]5] . robal
(5RCT; 784 104 per 1000 78 per 1000 ) . Y
o Network (49 fewer to 6 Low" (93.2) superior
participants) .
estimate more)
HFNC 0.92 7 fewer per 1000
a0 2.3 Probably
(7RCT; 1058 (0.67 — 1.27) 84 per 1000 77 per 1000 (28 fewer to 23 b .
l‘ . Moderate (36.7) superior
participants) Network more)
estimate
Reference . . . Reference 2.6 Reference
) COT No estimable No estimable No estimable
comparator comparator (20.1) comparator
0.81 39 fewer per
NPPY (0.61 — 1.08) 1000 [21110) Probabl
.61 — 1. robal
(1 RCT; 604 203 per 1000 164 per 1000 b — . Y
. Network (79 fewer to 16 Moderate superior
participants) .
estimate more)
Reference . . . Reference Reference Reference
HFNC No estimable No estimable No estimable
comparator comparator comparator comparator

NMA network meta-analysis, NPPV noninvasive positive-pressure ventilation, HFNC high-flow nasal cannula, COT conventional oxygen therapy, SOF summary of
findings, SUCRA surface under the cumulative ranking

NMA-SoF table definitions

*Lines represent direct comparisons

**Estimates are reported as risk ratio. Cl: confidence interval

***Anticipated absolute effect. Anticipated absolute effect compares two risks by calculating the difference between the risks in the intervention and control groups

****Rank for efficacy outcomes is presented. Rank statistics are defined as the probabilities that one treatment out of n treatments in a network meta-analysis is the
best, the second best, the third best, and so on, until the least effective treatment

GRADE Working Group grades of evidence (or certainty in the evidence)
High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely close to the estimate of the effect, but there is a possibility that it is
substantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate effect
Explanatory Footnotes

2 Confidence interval extends into clinically important effects in both directions

b Confidence interval extends into clinically important effects
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Table 3 Confidence in the relative risk of each comparison and outcome assessed by the GRADE system for short-term mortality,
reintubation, and post-extubation respiratory failure

Risk of bias Imprecision Heterogeneity Indirectness  Publication bias  Incoherence  Confidence in
across studies relative risk of the
event

Short-term mortality

NIV vs. COT Undetected Very serious® No concern Low Not suggested No concern @O O
(95% C1 0.53-1.06) (95% PI0.51-1.11) (p=0.33) Low

HFNCvs.COT  Undetected Serious? No concern Low Not suggested No concern @&®O)
(95% C1 0.67-1.27) (95% P10.64-1.33) (p=0.33) Moderate

HFNC vs. NIV Undetected Serious? No concern Low Not suggested No concern @&®O)
(95% C1 0.61-1.08) (95% P10.58-1.13) (p=0.33) Moderate

Reintubation

NIV vs. COT Undetected Serious® Some concern® Low Not suggested No concern @®&®)
(95% C1 0.30-1.00) (95% P10.16-1.84) (p=0.58) Moderate

HFNC vs.COT  Undetected Not serious Major concern® Low Not suggested No concern &&&D
(95% C1 0.32-0.89) (95% P10.17-1.70) (p=0.58) High

HFENC vs. NIV Undetected Very serious® No concern Low Not suggested No concern @O O
(95% C1 0.53-1.97) (95% P10.29-3.55) (p=0.58) Low

Post-extubation respiratory failure

NIV vs. COT Undetected Very serious? No concern Low Not suggested No concern @O
(95% C10.54-1.38)  (95% PI10.29-2.58) (p=0.56) Low

HFNCvs.COT  Undetected Serious® Some concern® Low Not suggested No concern @&®O)
(95% Cl1043-1.02)  (95% P10.23-1.92) (p=0.56) Moderate

HFENC vs. NIV Undetected Very serious? No concern Low Not suggested No concern @O
(95% Cl10.79-2.14)  (95% P10.42-3.98) (p=0.56) Low

Cl confidence interval, COT conventional oxygen therapy, HFNC high-flow nasal therapy, NIV noninvasive ventilation, Pl prediction interval

@ Confidence interval extends into clinically important effects in both directions

b Confidence interval extends into clinically important effects

¢ Prediction interval extends into clinically important or unimportant effects

9 Prediction interval extends into clinically important effects in both directions

a Short-term mortality b Reintubation C Post-extubation respiratory failure
coT HENC coT HFNC cot HFNC
100 100 /— 100 ——————
£ 50 3 50 ® 50
z = z
- 3 o0 Z o0
g Best Worst Best Worst §  Best Worst Best Worst 3 Best Worst Best Worst
S Rank Rank S Rank Rank o Rank Rank
2 NPPV 2 NPPV 2 NPPV
£ 100 T 100 £ 100
E —— s 3
E g E
£ E £
© 50 O 50 /, O 50
e — o4 -
Best Worst Best Worst Best Worst
Rank Rank Rank
Treatment SUCRA PrBEST Mean Rank Treatment SUCRA PrBEST Mean Rank Treatment SUCRA PrBEST Mean Rank

NPPV 932 87.1 1.1 NPPV 71.6 473 1.6 NPPV 432 109 2.1

HFNC 36.7 7.0 23 HFNC 75.8 52.5 1.5 HFNC 93.5 87.8 1.1

coT 20.1 53 2.6 coT 25 02 2.9 coT 133 13 2.7
Fig. 3 Surface under cumulative ranking of noninvasive oxygen strategies for short-term mortality, reintubation, post-extubated respiratory failure.
a Short-term mortality. b Reintubation. . Post-extubation respiratory failure
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Table 4 Summary of findings for reintubation from the network meta-analysis

Estimates of effects, credible intervals, and certainty of the evidence for oxygen therapy after extubation in patients recovering from sepsis
Frequency NMA-SoF table
BENEFITS
Patients or population: patients with sepsis after extubation Network plot*
Interventions: One of the following oxygen therapies: NPPV, HFNC, or COT
Comparator (reference): One therapy other than the therapy included in intervention
Outcome: Reintubation HFNC
Setting: In-hospital
[1rCT cot
4RCTs
NPPV
644 participants
Total studies: 14 Relative effect Anticipated absolute effect (95% CI)*** Certainty of the | MeanRank**** | Interpretation
Total patients: 2,455 (95% CI)** Without intervention With intervention Difference evidence (SUCRA) of findings
NPPV 0.55 62 fewer per 1000
. [2LLl@) 1.6 Probably
(4 RCT; 664 (0.30 — 1.00) 138 per 1000 76 per 1000 (96 fewer to 0 ) .
. . Moderate® (71.6) superior
participants) Network estimate fewer)
HFNC 0.54 60 fewer per 1000
DODD 1.5 Probably
(9 RCT; (0.32 —0.89) 130 per 1000 70 per 1000 (88 fewer to 14 . .
o . High (75.8) superior
1,187participants) Network estimate fewer)
\. Reference . . . Reference 2.9 Reference
CoT No estimable No estimable No estimable
comparator comparator (2.5) comparator
NPPV 1.02 5 more per 1000
P &d00 Probably
(1 RCT; 604 (0.53 —1.97) 228 per 1000 233 per 1000 (107 fewer to 221 R - .
o . Low equivalent
participants) Network estimate more)
Reference . . . Reference Reference
HFNC No estimable No estimable No estimable -
comparator comparator comparator

NMA network meta-analysis, NPPV noninvasive positive-pressure ventilation, HFNC high-flow nasal cannula, COT conventional oxygen therapy, SOF summary of
findings, SUCRA surface under the cumulative ranking

NMA-SoF table definitions

“ Lines represent direct comparisons

" Estimates are reported as risk ratio. Cl: confidence interval

"™ Anticipated absolute effect. Anticipated absolute effect compares two risks by calculating the difference between the risks in the intervention and control groups

P

Rank for efficacy outcomes is presented. Rank statistics are defined as the probabilities that one treatment out of n treatments in a network meta-analysis is the
best, the second best, the third best, and so on, until the least effective treatment

GRADE Working Group grades of evidence (or certainty in the evidence)

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely close to the estimate of the effect, but there is a possibility that it is
substantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate effect
Explanatory Footnotes

2 Confidence interval extends into clinically important effects

b Confidence interval extends into clinically important effects in both directions

risk relative to COT use but not NPPV use. In addition,
the SUCRA values of the reintubation rate and post-extu-
bation respiratory failure for HENC, NPPV, and COT use
showed that HFNC use was superior to NPPV and COT
use.

When HFNC was compared to COT, differences in
outcomes between previous pairwise systematic reviews
and this NMA-based study were observed. A systematic
review by Ni and colleagues showed that HENC is asso-
ciated with a lower reintubation rate than COT, despite
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no reduction in mortality rate [16], which is identical to
our study. Although a systematic review by Zhu et al.
revealed that HFNC contributed to a reduction in post-
extubation respiratory failure compared to that observed
with COT, reductions in reintubation and mortality rates
were not apparent [17]. In the study by Zhu et al. and our
NMA, the effect of HFNC differed in terms of the reintu-
bation rate; however, this difference is likely attributable
to the eligibility of included patients. We excluded RCTs
that included>50% of postoperative patients, whereas
the study by Zhu et al. included all RCTs with postopera-
tive patients (three RCTs; n=715) [43]. In postoperative
abdominal surgery patients, diaphragmatic dysfunction
and decreased lung vital capacity can cause atelectasis,
resulting in hypoxemic respiratory failure [44]. Includ-
ing patients with such different mechanisms of respira-
tory failure may increase patient heterogeneity and result
in different outcomes compared to those observed with
HENC use and COT.

Herein, NPPV contributed to a reduction in the reintu-
bation rate compared to that observed with COT, with-
out reducing mortality, which is consistent with several
previous pairwise systematic reviews comparing NPPV
and COT use. Previous RCTs show that NPPV is more
effective in reducing reintubation and mortality rates
than COT in a high-risk group of patients with post-
extubation respiratory failure, including COPD [7, 45,
46]. However, Kondo et al. showed that NPPV decreased
reintubation and mortality rates more effectively than
COT despite the complete exclusion of patients with
COPD from the study [47]. In our study, we excluded
studies in which patients with COPD constituted > 50% of
the study population, as COPD is a risk factor for post-
extubation respiratory failure [48]. Thus, the abovemen-
tioned exclusion potentially caused a difference between
the effectiveness of NPPV and COT in the systematic
reviews included in the NMA.

Zhou et al. recently reported a systematic review
using NMA that compared NPPV, HENC, and COT in
post-extubation patients [49], but their inclusion cri-
teria differ from ours. Zhou et al. included all studies
with patients with COPD, whereas we excluded stud-
ies with>50% COPD patients. Moreover, Zhou et al.
showed that NPPV was associated with reductions in
mortality and post-extubation respiratory failure rates
compared to COT. COPD is a risk factor for reintuba-
tion after extubation and predisposes patients to hyper-
capnia during SBT [46]. Thus, NPPV is more effective
than COT for patients with hypercapnia after extuba-
tion [50], which possibly led to differences in results
between our study and that of Zhou et al. Furthermore,
including trials with many patients with COPD poten-
tially increased the patient heterogeneity. Therefore,
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we excluded trials where COPD patients accounted
for>50% of the study population. This study utilized
a four-step approach for assessing the certainty of the
NMA estimate developed by the GRADE Working
Group [51], whereas the study by Zhou et al. did not
conduct a similar assessment. A systematic approach
using the GRADE system is necessary for evaluating the
quality of the evidence to assess whether the evidence
is convincing or of low quality, thereby guiding subse-
quent decision making.

Implications

The results of our systematic review are useful for
selecting an appropriate noninvasive oxygenation strat-
egy for post-extubation patients because the use of
NPPV or HENC will prevent reintubation in a greater
proportion of patients (66—69 patients per 1000) than
the use of COT. Early weaning from IMV improves
patient mortality, whereas reintubation significantly
increases mortality risk [3]. Therefore, it is important to
choose an appropriate strategy to prevent reintubation
after extubation. Both NPPV and HFNC are associ-
ated with a lower reintubation rate than COT; there-
fore, physicians can choose a strategy according to the
patient’s respiratory physiology status and preference.

Limitations

Our systematic review using NMA has several limita-
tions. First, we combined studies that included patients
with different etiological conditions necessitating intu-
bation, which may have increased the heterogeneity
of the studies. Despite excluding RCTs with>50% of
patients with postoperative intubation and COPD, the
inclusion of a fixed number of postoperative and COPD
patients may have influenced the results. Second, we
combined studies with different degrees of respiratory
failure during the extubation of patients. The effect
of NPPV and HENC may differ depending on illness
severity, and differences in severity may be an effect
modifier. This NMA included other RCTs, with differ-
ent characteristics, such as duration of intubation, risk
factors for reintubation after extubation, and meth-
ods of SBT, which may also be effect modifiers. Third,
because only one RCT directly compared NPPV and
HENC, there may not have been a significant difference
due to insufficient sample size; there were no significant
differences in mortality or post-extubation respiratory
failure rates, but this may have been different if the
sample size was larger. There was incoherence between
direct and indirect estimation in the pairwise compari-
son of NPPV and HFNC, which led to a grading down
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Estimates of effects, credible intervals, and certainly of the evidence for oxygen therapy after extubation in patients recovering from sepsis
Frequency NMA-SoF table
BENEFITS
Patients or population: septic patients after extubation Network plot*
Interventions: One of the following oxygen therapies: NPPV, HFNT, or COT
Comparator (reference): One of the other therapies other than the therapy included in intervention HFNC
1t : Post-extubation Respiratory fail
Outcome: Post-extubation Respiratory failure
Setting: In-hospital
1RCT cor
2RCTs
NPPV
595 participants
Total studies: 7 Relative effect Anticipated absolute effect (95% CI)*** Certainly of | MeanRank**** | Interpretation
Total patients:2, 050 (95% CIy** Without intervention With intervention Difference the evidence (SUCRA) of Findings
0.86 26 fewer per
NPPY (0.54 —1.38) 1000 1:10@) 2.1 Probabl
54— 1. . robal
(2 RCT; 568 188 per 1000 162 per 1000 . Y
o Network (87 fewer to 71 Low* (43.2) superior
participants) .
estimate more)
0.66 57 fewer per
HENT (0.43 — 1.02) 1000 L]e) 1.1 Probabl,
43 — 1. . robal
@ (4 RCT; 878 167 per 1000 110 per 1000 b . Y
. Network (95 fewer to 3 Moderate (93.5) superior
participants) .
estimate more)
Reference . . . Reference 2.7 Reference
@ cor No estimable No estimable No estimable
comparator comparator (13.3) comparator
1.30 81 more per
NPPV 0.79 — 2.14) 1000 21100 Probabl
79— 2. robal
(1 RCT; 604 269 per 1000 350 per 1000 - . Y
. Network (56 fewer to 307 Low® equivalent
participants) .
estimate more)
Reference . . . Reference Reference
HFNC No estimable No estimable No estimable —
comparator comparator comparator

NMA network meta-analysis, NPPV noninvasive positive-pressure ventilation, HFNC high-flow nasal cannula, COT conventional oxygen therapy, SOF summary of

findings, SUCRA surface under the cumulative ranking
NMA-SoF table definitions

* Lines represent direct comparisons

™ Estimates are reported as risk ratio. Cl: confidence interval

"™ Anticipated absolute effect. Anticipated absolute effect compares two risks by calculating the difference between the risks of the intervention group with the risk
of the control group

“** Rank for efficacy outcome is presented. Rank statistics is defined as the probabilities that a treatment out of n treatments in a network meta-analysis is the best,
the second, the third and so on until the least effective treatment

GRADE Working Group grades of evidence (or certainly in the evidence)
High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely close to the estimate of the effect, but there is a possibility that it is
substantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate effect
Explanatory footnotes

2 Confidence interval extends into clinically important effects in both directions

b Confidence interval extends into clinically important effects
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of network estimation due to the lack of RCTs that
directly compared NPPV and HENC.

Conclusion

In conclusion, noninvasive respiratory support strat-
egies may not reduce the risk of short-term mortality
compared with the use of COT; however, they may be
associated with a lower reintubation rate.
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