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Visual Abstract
IMPORTANCE The optimal first-line mode of noninvasive respiratory support following

E Editorial page 1550
extubation of critically ill children is not known.

Supplemental content
OBJECTIVE To evaluate the noninferiority of high-flow nasal cannula (HFNC) therapy as the

first-line mode of noninvasive respiratory support following extubation, compared with
continuous positive airway pressure (CPAP), on time to liberation from respiratory support.

DESIGN, SETTING, AND PARTICIPANTS This was a pragmatic, multicenter, randomized,
noninferiority trial conducted at 22 pediatric intensive care units in the United Kingdom.

Six hundred children aged O to 15 years clinically assessed to require noninvasive respiratory
support within 72 hours of extubation were recruited between August 8, 2019, and May 18,
2020, with last follow-up completed on November 22, 2020.

INTERVENTIONS Patients were randomized 1:1 to start either HFNC at a flow rate based on
patient weight (n = 299) or CPAP of 7 to 8 cm H,0 (n = 301).

MAIN OUTCOMES AND MEASURES The primary outcome was time from randomization to
liberation from respiratory support, defined as the start of a 48-hour period during which the
child was free from all forms of respiratory support (invasive or noninvasive), assessed
against a noninferiority margin of an adjusted hazard ratio (HR) of 0.75. There were 6
secondary outcomes, including mortality at day 180 and reintubation within 48 hours.

RESULTS Of the 600 children who were randomized, 553 children (HFNC, 281; CPAP, 272)
were included in the primary analysis (median age, 3 months; 241 girls [44%]). HFNC failed to
meet noninferiority, with a median time to liberation of 50.5 hours (95% Cl, 43.0-67.9) vs
42.9 hours (95% Cl, 30.5-48.2) for CPAP (adjusted HR, 0.83; 1-sided 97.5% Cl, 0.70-).
Similar results were seen across prespecified subgroups. Of the 6 prespecified secondary
outcomes, 5 showed no significant difference, including the rate of reintubation within 48
hours (13.3% for HFNC vs 11.5 % for CPAP). Mortality at day 180 was significantly higher for
HFNC (5.6% vs 2.4% for CPAP; adjusted odds ratio, 3.07 [95% Cl, 1.1-8.8]). The most common
adverse events were abdominal distension (HFNC: 8/281[2.8%] vs CPAP: 7/272 [2.6%]) and
nasal/facial trauma (HFNC: 14/281[5.0%] vs CPAP: 15/272 [5.5%]).

CONCLUSIONS AND RELEVANCE Among critically ill children requiring noninvasive respiratory

support following extubation, HFNC compared with CPAP following extubation failed to meet
the criterion for noninferiority for time to liberation from respiratory support.
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etween 2017 and 2019, approximately 13000 chil-

dren, representing 65% of children admitted to pedi-

atricintensive care units (PICUs) in the UK, received in-
vasive mechanical ventilation (IMV) annually.! Because
prolonged IMV has significant risks,? noninvasive respiratory
support is commonly used following extubation until chil-
dren can breathe without assistance.® Optimizing the first-
line choice of postextubation respiratory support should re-
duce extubation failures and the overall duration of invasive
and noninvasive respiratory support.*

Postextubation respiratory support has been traditionally
provided in the PICU setting using continuous positive air-
way pressure (CPAP).> Recently, high-flow nasal cannula
(HFNC) therapy has become a popular alternative due to ease
of use, perceived greater patient comfort, and the ability to
discharge children to general wards while receiving HFNC.®
An international survey of 1031 PICU clinicians from 40 coun-
tries showed that HFNC is commonly used following
extubation,” and in observational studies, between 5% and
86% of children started treatment with HFNC following
extubation.®° Randomized clinical trials (RCTs) in adults and
premature newborns have not demonstrated the greater
effectiveness of HFNC over CPAP following extubation.!°-12
To our knowledge, there are no RCTs regarding the optimal
first-line mode of postextubation respiratory support in criti-
cally ill children.®

Following a pilot RCT to confirm feasibility for the defini-
tive trial,'* First-Line Support for Assistance in Breathing
in Children (FIRST-ABC) was designed as a master protocol of
2 pragmatic RCTs (step-up and step-down), with shared
infrastructure and integrated health economic evaluation, to
evaluate the clinical effectiveness and cost-effectiveness
of HFNC vs CPAP." This article reports the results of the step-
down RCT, which tested the hypothesis that the first-line
use of HFNC was noninferior to CPAP in terms of time to
liberation from respiratory support in children following
extubation. A noninferiority trial was conducted in view
of the greater tolerability and patient comfort associated
with HFNC.

Methods

Trial Design and Oversight

The FIRST-ABC step-down RCT was a pragmatic, unblinded,
multicenter, parallel-group, noninferiority trial.'® The master
protocol was approved by East of England-Cambridge South
Research Ethics Committee and the UK Health Research
Authority, and was published prior to completion of trial
recruitment.'® The trial protocol and the statistical analysis
plan appear in Supplement 1. Cost-effectiveness findings are
not reported in this article.

Trial information leaflets and posters were available to
parents or legal guardians while their child was receiving
IMV. Because the decision to commence postextubation
respiratory support was often made urgently, and both non-
invasive respiratory support modes were already widely
used, a research without prior consent model was approved:
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Key Points

Question In critically ill children clinically assessed to require
noninvasive respiratory support following extubation, is the
first-line use of high-flow nasal cannula (HFNC) therapy
noninferior to continuous positive airway pressure (CPAP) in terms
of time to liberation from all forms of respiratory support?

Findings In this randomized, noninferiority trial of 600 children
clinically assessed to require noninvasive respiratory support
following extubation, the median time to liberation was 50.5 hours
for HFNC vs 42.9 hours for CPAP. The 1-sided 97.5% confidence
limit for the hazard ratio was 0.70, which failed to meet the
noninferiority margin of 0.75.

Meaning Among critically ill children requiring noninvasive
respiratory support following extubation, HFNC compared with
CPAP following extubation failed to meet the criterion for
noninferiority for time to liberation from respiratory support.

written informed consent was sought from parents or legal
guardians as soon as possible and appropriate following
randomization.'”'® Data collected up to refusal/withdrawal of
consent were retained unless parents or legal guardians
requested otherwise.

The UK National Institute for Health Research funded the
trial and convened an independently chaired (and majority-
independent) trial steering committee and data monitoring
and ethics committee. An interim analysis was planned
when 300 patients reached 60-day follow-up'®; however, by
this time point, due to faster than anticipated recruitment,
560 patients had already been randomized out of a target of
600 patients. Therefore, the data monitoring and ethics com-
mittee deemed the interim analysis redundant; however,
safety data were reviewed. The trial was managed by the
Clinical Trials Unit at the UK Intensive Care National Audit &
Research Centre.

Sites and Participants

The trial was conducted at 22 National Health Service (NHS)
general (medical-surgical), cardiac, and mixed (general/
cardiac) PICUs across England, Wales, and Scotland. Children
aged from birth (>36 weeks’ corrected gestational age) up to
15 years and admitted to participating PICUs were eligible if
assessed by the treating clinician to require noninvasive re-
spiratory support within 72 hours of extubation. Main exclu-
sion criteria were clinical decision to start a mode other than
CPAP or HFNC (eg, noninvasive ventilation) and preadmis-
sion receipt of domiciliary respiratory support (eMethods in
Supplement 2).

Randomization

Randomization was conducted using a concealed central-
ized telephone/web-based system based on a computer-
generated randomization sequence and was stratified by site
and age (<12 months vs =12 months) using permuted block
sizes of 2 and 4. Children were randomized in a 1:1 ratio to
HFNC or CPAP as close to commencement of noninvasive
respiratory support as possible (Figure 1).
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Figure 1. Screening, Randomization, and Follow-up in the FIRST-ABC Step-Down Trial

3121 Patients extubated in the pediatric intensive care
unit following a period of invasive ventilation

1724 Did not meet inclusion criteria

1700 Did not require noninvasive respiratory support
within 72 h of extubation

24 Age <36 wk corrected gestational age or >16 y

1397 Met inclusion criteria

-

‘ 299 Randomri;dr;HFNC ‘
|

‘ 291 Included in the baseline characteristic reports
6 Not able or deemed not appropriate to ‘
approach for consent
‘ 2 Requested all trial data to be removed |

600 Randomized

797 Excluded
451 Were eligible but did not undergo randomization
157 Were missed/identified too late
141 Clinical decision: preference for HFNC
67 Clinical decision: preference for CPAP
55 Clinical decision: other
18 Parental decision
6 Social reasons
3 Research site had a lack of HFNC/CPAP devices
3 No reason provided
1 Language barrier
346 Met 21 exclusion criteria?
153 Clinical decision to start other form of noninvasive
respiratory support (ie, not HFNC or CPAP)
64 Received home noninvasive ventilation prior
to unit admission
57 Previously recruited to FIRST-ABC (step-up or step-down)
26 Had mid/craniofacial anomalies (unrepaired cleft palate,
choanal atresia) or recent craniofacial surgery
18 Had tracheostomy in place
14 Received HFNC/CPAP for >2 h in the prior 24 h
12 Agreed “not for intubation” or other limitation
of critical care plan in place
8 Had presence of untreated air leak
(pneumothorax/pneumomediastinum)

‘ 301 Randomized to CPAP ‘

|

‘ 296 Included in the baseline characteristic reports |
3 Requested all trial data to be removed ‘
2 Not able or deemed not appropriate to

‘ approach for consent |

l

|

l

|

281 Started any respiratory support
(primary analysis set)

10 Did not start any respiratory
support

272 Started any respiratory support
(primary analysis set)

24 Did not start any respiratory
support

272 Started allocated treatment
5 Started CPAP
2 Started other NRS
2 Started IMV

|

258 Time to liberation evaluable
23 Time to liberation censored
10 Discharged from critical care with
respiratory support
8 Died prior to liberation from respiratory
support
4 Refused retrospective consent
1 Transferred to other critical care unit
with respiratory support

252 Started allocated treatment
16 Started HFNC
2 Started other NRS
2 Started IMV

|

260 Time to liberation evaluable
12 Time to liberation censored
6 Refused retrospective consent
3 Died prior to liberation from respiratory
support
2 Discharged from critical care with
respiratory support
1 Transferred to other critical care unit
with respiratory support

CPAP indicates continuous positive airway pressure; FIRST-ABC, First-Line
Support for Assistance in Breathing in Children; HFNC, high-flow nasal cannula;
IMV, invasive mechanical ventilation; and NRS, noninvasive respiratory support.

2 Numbers meeting individual exclusion criteria do not add to the total because
some patients met more than 1 criterion.
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Trial Interventions
The timing of extubation and nature of noninvasive respira-
tory support (planned prior to extubation or rescue after ex-
tubation) was at the clinical team’s discretion and not based
on knowledge of the randomized treatment. Trial algo-
rithms, developed following consultation with sites and final-
ized at a collaborators’ meeting, specified clinical criteria for
theinitiation, maintenance, and weaning from HFNC and CPAP
(eFigures 1 and 2 in Supplement 2). Children randomized to
HFNC were started at a gas flow rate based on body weight
(<12 kg: 2 L/kg/min; =12 kg: see eFigure 1 in Supplement 2).
When the child was deemed ready for weaning, the flow rate
was reduced by 50%. Children randomized to CPAP were
started at a pressure of 7 to 8 cm H,0. When the child was
deemed ready for weaning, the pressure was reduced to 5 cm
H,0. Both CPAP and HFNC were delivered through approved
devices and interfaces already in use at sites. For both groups,
the fraction of inspired oxygen (F10,) was titrated to maintain
peripheral oxygen saturations (Spo,) of 92% or greater.
Toreflect clinical practice, and akin to previous RCTs,%°22
if prespecified treatment failure criteria were met (F10, >0.60,
severe respiratory distress, patient discomfort, other), clini-
cians were permitted to switch from HFNC to CPAP (or vice
versa) or escalate to other modes of noninvasive respiratory
support or IMV. Because it was not possible to blind care-
givers to trial interventions, bias was minimized by specify-
ing the same number of weaning steps and weaning criteria
for HFNC and CPAP, minimum twice-daily clinical evalua-
tion to assess progression through the trial algorithm, and use
of an online training package to strengthen protocol adher-
ence. Management of patients receiving ventilation was al-
ready standardized at sites following the SandWiCH trial on
protocolized IMV weaning.?*

Study Outcomes
The primary outcome was time from randomization to libera-
tion from respiratory support, defined as the start of the 48-
hour period where the child was free from all respiratory sup-
port (invasive or noninvasive), excluding supplemental oxygen.
Secondary outcomes were mortality at PICU discharge,
day 60, and day 180; rate of reintubation at 48 hours; dura-
tion of PICU and acute hospital stay; patient comfort, as-
sessed using the COMFORT Behavior (COMFORT-B) scale??;
sedation use during noninvasive respiratory support; and pa-
rental stress, measured using the Parental Stressor Scale: PICU
(PSS:PICU) at or around time of consent.?> Adverse events were
monitored and recorded up to 48 hours after liberation from
respiratory support. The data collection schedule is shown in
eTable 1 (Supplement 2).

Sample Size Calculation

It was estimated that 508 observed events would achieve 90%
power with a 1-sided type I error rate of 2.5% to exclude the
prespecified noninferiority margin of hazard ratio (HR) of 0.75.
In the pilot RCT, an HR of 0.75 corresponded to approxi-
mately a median 16-hour increase in time to liberation for
HFNC. Clinical members and the parent representative on the
trial team agreed this was the maximum clinically acceptable
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difference between HFNC and CPAP. To account for censor-
ing from death or transfer and refusal or withdrawal of con-
sent and to retain sufficient power for a per-protocol analy-
sis, the target sample size was set at 600 patients.

Statistical Analysis

Analyses of the primary and secondary outcomes were per-
formed according to randomization group in all consented pa-
tients who commenced any respiratory support, invasive or
noninvasive, following randomization (primary analysis set),
and in all consented patients who met the eligibility criteria
and commenced the randomized treatment (per-protocol
analysis). Agreement of results from both analyses was re-
quired to conclude noninferiority.2® Analyses followed a pre-
specified statistical analysis plan published before trial re-
cruitment was completed.'®

The primary analysis was performed using Cox regres-
sion to calculate an HR with 1-sided 97.5% ClIs, adjusted for
prespecified baseline covariates: age (<12 months vs >12
months); Spo,:FI0, ratio; comorbidities (none vs neurologic/
neuromuscular vs other); length of prior IMV (<5 days vs =5
days); reason for IMV (cardiac vs other); severity of respira-
tory distress (severe vs mild/moderate), and site (treated as a
random factor, using shared frailty). Patients were censored
either at time of last known respiratory support (for those
who withdrew consent or were discharged while still receiv-
ing respiratory support) or at time of death (if death occurred
prior to liberation from respiratory support). The level of
missingness of baseline covariates was assessed and if neces-
sary missing values were replaced using multivariable impu-
tation using chained equations. The assumption of propor-
tional hazards was assessed visually and by evaluating a Cox
model with a time-dependent covariate. HFNC was consid-
ered noninferior to CPAP if the bound of the 1-sided 97.5% CI
for the adjusted HR was greater than 0.75 in both the primary
analysis set and the per-protocol analysis.

All secondary outcomes were evaluated for statistical
superiority using a 2-sided significance threshold of .05.
Binary outcomes were reported as unadjusted absolute risk
reduction and odds ratios (ORs), and as adjusted ORs calcu-
lated using multilevel logistic regression. Continuous out-
comes were reported as unadjusted mean differences (with
95% bootstrapped CIs), and adjusted differences calculated
using linear regression. Overall survival was illustrated
using Kaplan-Meier curves to 180 days and reported as
unadjusted and adjusted HRs calculated using Cox regres-
sion. All adjusted effect estimates were adjusted for the
same baseline covariates as defined for the primary analy-
sis. Because of the potential for type I error due to multiple
comparisons, findings for analyses of secondary end points
should be interpreted as exploratory.

Prespecified subgroup analyses of the primary outcome
were conducted testing interactions for age, Spo,:FIo, ratio,
comorbidities, length of prior IMV, reason for IMV, severity
of respiratory distress, and nature of noninvasive respira-
tory support.

Planned sensitivity analyses included a repeat of the
primary analysis using alternative durations: from start of
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Table 1. Baseline Characteristics of the Primary Analysis Set

Characteristic

Age, median (IQR), mo
Age, No. (%)
<28d
29-180d
181-364d
ly
2-4y
5-10y
11-15y
Sex, No. (%)
Female
Male
At least 1 comorbidity, No. (%)

Main reason for invasive ventilation,
No. (%)

Bronchiolitis

Cardiac

Other respiratory condition
Sepsis/infection

Upper airway problem
Neurologic
Asthma/wheeze

Other

Duration of prior invasive ventilation,
median (IQR), h

Nature of postextubation noninvasive
respiratory support, No. (%)

Planned (randomized before
extubation)

Indeterminate (randomized within 1 h
of extubation)

Rescue (randomized at least 1 h
after extubation)

Clinical characteristics
at randomization®

Respiratory distress,
No./total (%)°

None
Mild
Moderate
Severe

Respiratory rate, median (IQR) [No.],
breaths/min

Peripheral oxygen saturation,
median (IQR) [No.], %

Fraction of inspired oxygen,

median (IQR) [No.]

Ratio of peripheral oxygen saturation
to fraction of inspired oxygen,
median (IQR) [No.]

Heart rate, median (IQR) [No.],
beats/min

COMFORT-B score,*
mean (SD) [No.]

High-flow nasal cannula
(n =281)

3(1-10)

56 (19.9)
122 (43.4)
37(13.2)
25 (8.9)
17 (6.0)
17 (6.0)
7(2.5)

111 (39.5)
170 (60.5)
171 (60.9)

97 (34.5)
81(28.8)
42 (14.9)
12 (4.3)
9(3.2)
7(2.5)
1(0.4)
32(11.4)
89 (56-145)

178(63.3)
49 (17.4)

54(19.2)

n=210

126 (60.0)

58 (27.6)
22(10.5)
4(1.9)

35 (27-45) [277]

96 (94-98) [281]
0.30(0.24-0.35) [278]

327 (271-400) [278]

128 (115-145) [280]

13.8(2.7) [204]

Continuous positive
airway pressure
(n=272)

3(1-11)

37(13.6)
124 (45.6)
46 (16.9)
25(9.2)
14(5.1)
12 (4.4)
14(5.1)

130 (47.8)
142 (52.2)
155 (57.0)

122 (44.9)
55(20.2)
34(12.5)
10(3.7)

13 (4.8)

13 (4.8)
5(1.8)

20 (7.4)

87 (51-140)

168 (61.8)
49 (18.0)

55(20.2)

n=198

112 (56.6)
52(26.3)

29 (14.6)
5(2.5)

36 (28-45) [269]

97 (94-99) [270]
0.30(0.25-0.35) [270]

327 (274-396) [268]

132 (115-147) [272]

14.3 (3.2)[187]

respiratory support to liberation from respiratory support,
from randomization to start of weaning, and from random-
ization to meeting weaning criteria.

jama.com
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2 Data were recorded at or within 1
hour prior to randomization, except
for COMFORT-B score, which was
the last recorded value prior to
randomization.

b Respiratory distress was defined as
mild: 1accessory muscle used, mild
indrawing of subcostal and
intercostal muscles, mild tachypnea,
no grunting; moderate: 2 accessory
muscles used, moderate indrawing
of subcostal and intercostal
muscles, moderate tachypnea,
occasional grunting; and severe: use
of all accessory muscles, severe
indrawing of subcostal and
intercostal muscles, severe
tachypnea, regular grunting.

€ COMFORT Behavior (COMFORT-B)
scale scores range from 5 to 30
(most sedated to least sedated).
A mean value of 14 indicates a
comfortable patient who is easily
arousable and is not agitated.

Unplanned post hoc analyses were performed to assess the
effect of patients who did not start any respiratory support
(these were included in a sensitivity analysis of the primary
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Figure 2. Time to Liberation From Respiratory Support in the Primary Analysis Set and Per-Protocol Analysis
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Per-protocol analysis
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The median observation time was 49.4 hours (IQR, 22.9-118.7) for high-flow
nasal cannula (HFNC) and 40.1 hours (IQR, 18.0-96.7) for continuous positive
airway pressure (CPAP) in the primary analysis set and 49.4 hours (IQR,

22.9-118.5) for HFNC and 37.5 hours (IQR, 17.8-95.0) for CPAP in the
per-protocol analysis.

end point by assigning them to a nominal 2 hours of respira-
tory support), and to evaluate the possibility of inferiority of
one group by calculating a 2-sided confidence interval for the
primary effect estimate.

Stata/MP version 16.1 (StataCorp) was used for all analyses.

. |
Results

Trial Sites and Patients

From August 8, 2019, to May 18, 2020, 3121 extubated chil-
dren were screened in the 22 participating PICUs, of whom
1051 fulfilled eligibility criteria and 600 (57%) were random-
ized. Participating unit characteristics are shown in eTable 2
in Supplement 2 and actual vs expected randomization num-
bers in eFigure 3 in Supplement 2. Of 587 children for whom
consent was obtained, respiratory support was started in 553
children (HFNC, 281; CPAP, 272), comprising the primary
analysis set, as shown in Figure 1. The randomized groups
had similar baseline characteristics, except for a higher pro-
portion of children receiving ventilation for cardiac reasons
in the HFNC group (Table 1; eTable 3 in Supplement 2). The
per-protocol population included 523 children (HFNC, 271;
CPAP, 252; eFigure 4 in Supplement 2); baseline characteris-
tics were similar to the primary analysis set (eTable 4 in
Supplement 2).

Clinical Management

In both groups, most children who started any respiratory
support were started with the allocated treatment (HFNC:
272/281 [96.8%]; CPAP: 252/272 [92.6%]). There was good
adherence to the trial protocol regarding timing of initia-
tion, HFNC flow rate and CPAP pressure, and for switch,
escalation and weaning events, as shown in eTable 5 and
eFigures 5 and 6 in Supplement 2. A range of devices and
interfaces was used to deliver HFNC and CPAP, shown in

jama.com

eTable 6 in Supplement 2. Treatment failure requiring a
switch or escalation occurred in 101 of 272 children (37.1%)
for HFNC and 85 of 252 children (33.7%) for CPAP (eFigure 7
in Supplement 2). Treatment failure occurred at a median of
10 hours after randomization for HFNC compared with 7.8
hours for CPAP. Reasons for treatment failure, particularly
switch, were mainly related to clinical deterioration for
HFNC and for patient discomfort for CPAP (eTable 7 in
Supplement 2).

Outcomes

The median time from randomization to liberation from re-
spiratory support was 50.5 hours (95% CI, 43.0-67.9) for HFNC
and 42.9 hours (95% CI, 30.5-48.2) for CPAP (adjusted HR, 0.83;
1-sided 97.5% CI, 0.70-«). The bound of the 1-sided 97.5% CI
(adjusted HR, 0.70) was below the prespecified noninferior-
ity margin (HR, 0.75). Time to liberation for HFNC and CPAP
based on whether treatment failure occurred is shown in eFig-
ure 8 in Supplement 2. A breakdown of the duration of non-
invasive and invasive support received prior to liberation is
shown in eTable 8 in Supplement 2.

Similar results were observed in the per-protocol analy-
sis (Table 2, Figure 2) and in prespecified subgroup analy-
ses (Figure 3). Planned sensitivity analyses did not alter
the interpretation of the primary analyses (eTable 9 in
Supplement 2).

Secondary outcomes are shown in Table 2 and eTable 10
in Supplement 2. Mortality by day 180 was significantly
higher in the HFNC group (5.6% vs CPAP, 2.4%; adjusted
OR, 3.07 [95% CI, 1.1-8.8]; eTable 11 in Supplement 2).
The rate of reintubation within 48 hours was not signifi-
cantly different between the groups (HFNC, 13.3%; CPAP,
11.5%; adjusted OR, 1.17 [95% CI, 0.7-2.0]). Time to reintuba-
tion was a median of 25 hours (IQR, 8-79) after random-
ization for HFNC compared with 11 hours (IQR, 2.5-49) for
CPAP (eTable 12 in Supplement 2). Overall, compared with
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Figure 3. Subgroup Analyses of the Primary Outcome in the Primary Analysis Set

No. of Hazard ratio Favors | Favors
Subgroup children (95% ClI) CPAP : HNFC P value
Overall 553 0.83(0.70- 0.99) -
Age (grouped), mo |
<12 422 0.77 (0.63-0.94) —zpf 16
212 131 1.04 (0.73-1.50) 37.7
Comorbidities (grouped) |
None 227 0.73 (0.56-0.96) ——
Neurologic/neuromuscular 63 0.88 (0.52-1.50) : - 48
Other 263 0.92(0.71-1.18) B
Duration of prior IMV, d i
0-4 372 0.82 (0.66-1.02) + 87
25 181 0.85(0.62-1.15) —— ’
Main reason for invasive ventilation §
Not cardiac 417 0.82(0.67-1.01) *%—If
Cardiac 136 0.85(0.59-1.21) ——— 89
Nature of respiratory support i
Planned (extubation after randomization) 346 0.88(0.70-1.09) {—Ff
Indeterminate (<1 h extubation to 98 0.66 (0.44-0.99) 4I—f7
randomization) ! 47
Rescue (21 h from extubation to 109 0.86 (0.57-1.29) 4%'*7
randomization) !
Quintiles of Spo,:Fi0, 3
5(2417) 100 0.79(0.52-1.19) —
4(357-416) 112 1.03 (0.70-1.52) %7.7 Pvaluestestforaninteraction.
3(317-356) 109 0.59 (0.40-0.88) 4.%7 8 between the subgroup categone‘sl
2(263-316) 113 0.87 (0.59-1.28) 4:;.77 a.nd theeffectofcontmuous' positive
; airway pressure (CPAP) vs high-flow
1(<263) 112 Margin%fggo(r?iﬁ‘z;ilo.gtgy) 075 igri nasal cannu_la (HFNQ)in the_ ad;'usted
n I ‘ ) Cox regression model. IMV indicates
0.4 1 2 invasive mechanical ventilation and

Hazard ratio (95% Cl) Spo,:Fio,, oxygen saturation to

fraction of inspired oxygen ratio.

children not reintubated, reintubated children had a signifi-
cantly longer time to liberation from respiratory support
(median, 242 hours [IQR, 187-310] vs 33 hours [IQR, 28-40]).
eFigures 9 and 10 in Supplement 2 show Kaplan-Meier sur-
vival curves for the primary analysis set and the per-
protocol analysis.

A post hocanalysis assigning patients who did not start any
respiratory support a nominal time to liberation of 2 hours also
failed to demonstrate the noninferiority of HFNC (eTable 13 and
eFigure 11 in Supplement 2). The upper 95% CI for the pri-
mary effect estimate was 0.99, indicating the inferiority of
HFNC compared with CPAP.

Adverse Events

The number of children with 1 or more adverse events was low
in both groups, occurring in 25 of 281 children (8.9%) in the
HFNC group and 28 of 272 (10.3%) in the CPAP group (eTable 14
in Supplement 2).

|
Discussion

In this multicenter, pragmatic, randomized trial, first-line
use of HFNC compared with CPAP following extubation of
critically ill children failed to meet the noninferiority crite-
rion for time from randomization to liberation from respira-
tory support.

JAMA April 26,2022 Volume 327, Number 16

To our knowledge, the FIRST-ABC step-down RCT is the
first clinical trial to compare 2 commonly used modes of
noninvasive respiratory support for postextubation support
in critically ill children. The master protocol efficiently
allowed the comparison of HFNC and CPAP in 2 distinct
patient populations (acute respiratory failure and postextu-
bation) within the same trial infrastructure. FIRST-ABC was
designed as a noninferiority trial, similar to previous RCTs
of HFNC,29-27:28 rather than a superiority trial, because clini-
cians indicated willingness to tolerate some additional time
to liberation in return for greater patient comfort and ease
of use for HFNC.' The trial findings were consistent across
the primary, subgroup, and sensitivity analyses and clearly
showed that HFNC failed to meet noninferiority.

There are no agreed core outcome sets for pediatric
respiratory support trials. Treatment failure has been used
as the primary outcome in RCTs of HFNC in preterm
newborns and bronchiolitis. However, its definition varies
between trials; and, in real-world practice, because pa-
tients are frequently rescued after treatment failure, it does
not usually translate to changes in patient-centered out-
comes.?93! Although RCTs in adults have focused on reintu-
bation, fewer than 1 in 8 extubated children required reintu-
bation in this trial, and those not reintubated also spent a
long time receiving noninvasive respiratory support before
achieving unassisted breathing. Parents of children with
severe infection have previously highlighted length of time
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receiving treatments or mechanical support as an important
outcome®?; similarly, prior to this trial, parents indicated
that being free of any breathing machine was a key priority.
Therefore, time to liberation from all forms of respiratory
support was chosen as a sensitive measure that considered
both reintubation (because reintubated children had a lon-
ger time to liberation) and prolonged use of noninvasive
respiratory support in those children not reintubated. Time
to liberation was used as the primary outcome in a trial of
protocolized respiratory support after extubation of criti-
cally ill adults (BREATHE)>? and is consistent with the core
outcome of time to liberation from ventilation for adult criti-
cal care ventilation trials.>*

Despite a strong clinical preference to start HFNC
following extubation, it was associated with significantly
longer time to liberation from respiratory support in our
trial, including in prespecified subgroups. This difference
was evident in children who had unsuccessful first-line
HFNC as well as those who did not. Among those with treat-
ment failure, HFNC did not appear to provide sufficient
respiratory support, resulting in clinical deterioration and a
switch to CPAP and/or further escalation. Time to first
switch or escalation and time to reintubation were both lon-
ger for patients receiving HFNC, indicating a delay in escala-
tion, previously highlighted in adults.>> Among children
who did not experience treatment failure with HFNC, the
comfort of HFNC may have prolonged weaning duration,
although COMFORT-B scores were comparable between
groups (only 10% of children were switched from CPAP to
HFNC for discomfort reasons). Even though the median dif-
ference in time to liberation of nearly 8 hours may not seem
clinically important, especially considering the ability to
discharge children to general wards on HFNC, it represented
nearly 20% of the overall time to liberation, and the
observed lower bound of the HR of 0.70 corresponded to an
additional 18 hours in time to liberation for HFNC. There
was no difference in the length of hospital stay or complica-
tion rate (including pneumothorax and nasal or facial
trauma), possibly due to the short duration of respiratory
support. A high proportion of children received postextuba-
tion noninvasive respiratory support in our trial (45%), sug-
gesting potential overuse highlighting the need for an RCT
of protocolized postextubation noninvasive respiratory sup-
port. The higher adjusted mortality for HFNC at 180 days is

Original Investigation Research

unexplained and should be interpreted with caution pend-
ing further research.

This trial has several strengths. First, to our knowledge, it
isthelargest and only RCT comparing 2 commonly used modes
of postextubation noninvasive respiratory support, with the
potential to inform practice. Second, a representative sample
of 22 of the 28 UK PICUs participated. Third, adherence to trial
algorithms was good. Fourth, results of several sensitivity and
post hoc analyses were consistent with the main findings.

Limitations

This study has several limitations. First, the inability to
blind clinicians to the allocated treatment may have influ-
enced clinicians’ thresholds to switch, escalate, and wean
treatment. Second, the pragmatic inclusion criteria resulted
in a heterogeneous population of critically ill children
enrolled; however, several prespecified subgroup analyses
based on factors such as age, diagnosis, and duration of
prior IMV are reported. Many recruited participants were
infants younger than 1 year, limiting the generalizability of
trial findings to other age groups. Third, children treated
with respiratory support modes other than HFNC and CPAP
postextubation were excluded. Fourth, a number of eligible
patients were not recruited owing to clinical preference, and
some patients were not treated with any respiratory support
after randomization, which may have biased the trial
population.®® Fifth, ventilation data, such as mean airway
pressure at randomization, were not collected, which might
have indicated why clinicians chose to start noninvasive
respiratory support in some patients. Sixth, despite ran-
domization, there were more newborns and cardiac patients
in the HFNC group, potentially with associated chronic
respiratory failure, which may have prolonged the time to
liberation. Seventh, because data related to feeding was not
collected as part of the trial, it was not possible to assess the
effect of feeding on patient comfort.

.|
Conclusions

Among critically ill children requiring noninvasive respira-
tory support following extubation, HFNC compared with CPAP
following extubation failed to meet the criterion for noninfe-
riority for time to liberation from respiratory support.
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