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Abstract

Purpose: Nasal continuous positive airway pressure (nNCPAP) is currently the gold standard for respiratory support
for moderate to severe acute viral bronchiolitis (AVB). Although oxygen delivery via high flow nasal cannula (HFNC) is
increasingly used, evidence of its efficacy and safety is lacking in infants.

Methods: A randomized controlled trial was performed in five pediatric intensive care units (PICUs) to compare

7 cmH,O nCPAP with 2 L/kg/min oxygen therapy administered with HFNC in infants up to 6 months old with moder-
ate to severe AVB. The primary endpoint was the percentage of failure within 24 h of randomization using prespeci-
fied criteria. To satisfy noninferiority, the failure rate of HFNC had to lie within 15% of the failure rate of nCPAP. Second-
ary outcomes included success rate after crossover, intubation rate, length of stay, and serious adverse events.

Results: From November 2014 to March 2015, 142 infants were included and equally distributed into groups. The risk
difference of —19% (95% Cl —35 to —3%) did not allow the conclusion of HFNC noninferiority (p = 0.707). Superior-
ity analysis suggested a relative risk of success 1.63 (95% Cl 1.02-2.63) higher with nCPAP. The success rate with the
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Take-home message: In young infants with acute viral bronchiolitis, the
effectiveness of HFNC was not equivalent to that of nCPAP as the initial
respiratory support. A majority of the failures with HFNC occurred within
6 h after initiation, and worsening of respiratory distress was the leading
cause.
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alternative respiratory support, intubation rate, durations of noninvasive and invasive ventilation, skin lesions, and
length of PICU stay were comparable between groups. No patient had air leak syndrome or died.

Conclusion: In young infants with moderate to severe AVB, initial management with HFNC did not have a failure rate
similar to that of nCPAP. This clinical trial was recorded in the National Library of Medicine registry (NCT 02457013).
Keywords: Bronchiolitis, Continuous positive airway pressure, High flow nasal cannula, Infant, Noninvasive
ventilation, Oxygen inhalation therapy, Randomized controlled trial, Respiratory syncytial virus infections, Respiratory

Introduction

Acute viral bronchiolitis (AVB) is the most common res-
piratory infection in infancy and the leading cause of hos-
pitalization among infants in high-income countries [1].
While most cases require supportive management only,
a severe form of illness observed in 8-13% of the cases
requires hospitalization in a pediatric intensive care unit
(PICU) for evolving respiratory distress [2]. Although
AVB may present as a restrictive parenchymal disease,
most of these infants have severe obstructive lung disease
[3] with markedly increased inspiratory load [4, 5], rapid
shallow breathing pattern [5, 6], and gradual increase in
end-expiratory volume [6] that adversely affects their
work of breathing [5-7]. Use of nasal continuous posi-
tive airway pressure (nCPAP) levels of 6-7 ¢cmH,O in
this situation has been associated with rapid unloading
of respiratory muscles, increased expiratory time, and
concomitantly improved respiratory distress [5, 6, 8]. In
comparison with historical cohorts supported exclusively
by invasive ventilation, more recent studies have reported
that first-line nCPAP also reduces duration of ventilation
and hospital stay [9, 10]. Thus, the preemptive nCPAP
strategy has been increasingly used over the last decade,
and it is currently the gold-standard respiratory support
for moderate to severe AVB [10].

The provision of CPAP requires specific equipment,
trained teams, continuous monitoring, and a level of
supervision that is usually found only in PICUs. Oxygen
delivery with high flow nasal cannula (HENC) allows the
administration of a heated and humidified mixture of air
and oxygen at a flow higher than the patient’s inspira-
tory flow [11]. It has been widely adopted in PICUs and
for interhospital transport of critically ill children, as the
system is easily set up and is well tolerated by patients
[12]. In the context of AVB, retrospective audits and
observational studies have suggested promising out-
comes on both physiological [7, 13] and clinical variables
[14—18]. Two randomized controlled studies in infants
not affected by a severe form of AVB reported efficiency
comparable to that of hypertonic saline in treating res-
piratory distress signs [19] and a significant increase in
SpO, within the first 12 h of management compared with
head-box oxygen therapy [20]. However, no study has

yet provided a direct demonstration of HENC efficacy
and safety compared with the gold-standard respiratory
support, nCPAP [21]. Given the effects of HFNC on the
work of breathing and lung volumes [13, 22], the ease
of installation, and the good tolerance [23], we hypoth-
esized that this support would be an appropriate alterna-
tive to nCPAP. We performed a multicenter, randomized,
noninferiority trial of HFNC compared with nCPAP for
the initial respiratory management in young infants with
moderate to severe AVB.

Methods

This prospective randomized multicenter trial was con-
ducted in five PICUs from five French university hospital
centers.

Ethical consideration

This study was conducted in accordance with the
amended Declaration of Helsinki. The study protocol was
approved by the South Mediterranean IV Ethics Com-
mittee (ID-RCB: 2014-A01029-38; 2014-09-09), and no
amendment was made thereafter. This clinical trial was
recorded in the National Library of Medicine registry
(NCT 02457013; 2015-01-27).

Written authorization was obtained from the two par-
ents. If one of the parents was absent, deferred signed
authorization was accepted after a telephone call and oral
agreement.

Population

Patients aged from 1 day to 6 months and hospitalized in
the PICU were eligible for inclusion if the following con-
ditions were all met: (1) clinical diagnosis of bronchioli-
tis; (2) moderate to severe respiratory distress, defined by
a modified Wood’s clinical asthma score (mWCAS) >3;
(3) no underlying cardiac or neuromuscular disease and
no pneumothorax on chest radiograph; (4) absence of
indication for imminent intubation; and (5) authorization
to perform the study signed by both parents.

Study design
On admission, the nurse started monitoring the infant
with pulse oximetry (SpO,), blood pressure, and
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transcutaneous CO, (TcCO,). A mixture of air/oxygen
was provided at a flow rate of 1 L/min, with FiO, set in
order to reach SpO, of 94—97%. Corticosteroid, broncho-
dilator, and chest physiotherapy were stopped if provided
beforehand. Chest X-ray and capillary blood gas meas-
urements were performed, and the infant was maintained
in a quiet environment. Baseline observation was made
15 min later to collect respiratory rate (RR), heart rate
(HR), mWCAS [24], and neonatal pain and discomfort
using the EDIN scale [25].

When an infant met the inclusion criteria, respiratory
support was randomly allocated as nCPAP or HFNC.
Two different systems were used to generate nCPAP:
the Infant Flow Ventilator (Electro Medical Equip-
ment, Brighton, UK), and the FlexiTrunk infant inter-
face (Fisher and Paykel, Villebon, France) connected to
ventilator CPAP setups. Whatever the system, positive
continuous pressure was set at +7 cmH,O [6]. The sole
HENC device used was the Optiflow (Fisher and Paykel,
Villebon France). Flow was delivered at 2 L/kg/min, with
the device equipped with a pressure release valve set at
45 cmH, 0. In both groups, FiO, was titrated in order to
achieve a normoxic SpO, of 94-97%, as usually recom-
mended in PICUs [10, 15, 26], and the humidifier was
auto set at 37 °C.

The protocol lasted a minimum of 24 h after the allo-
cated treatment had begun. In both groups, RR, HR,
mWCAS, EDIN score, skin lesion score, FiO,, SpO,, and
TcCO, were systematically assessed 1 h, 12 h, and 24 h
after the start of the procedure. Detailed information
on the protocol was given to the nursing teams in each
PICU to ensure that an investigator would be notified as
soon as the continuous monitoring or scores indicated
worsening in an infant’s condition. At any moment dur-
ing this period, occurrence of at least one failure cri-
terion justified a switch to the alternative respiratory
support. Patients switched from one group to the other
were maintained on the second support for 24 h, and the
data were again collected 1 h, 12 h, and 24 h following
the crossover. A patient failing with the alternative res-
piratory support was maintained in the study, but the
protocol was stopped and the next therapeutic step was
decided by the physician involved in the patient’s care.

Randomization and masking

Patients were centrally randomized to assign them to
receive either nCPAP or HFNC. Randomization was per-
formed using block sizes of two and four and was strati-
fied by center. Randomization lists were prepared by the
Clinical Research and Epidemiology Unit of Montpel-
lier University Hospital. Allocations were concealed in
opaque sealed envelopes.

Failure criteria

Failure was defined by the occurrence of one of the fol-
lowing criteria: (1) a 1-point increase in mWCAS com-
pared with baseline; (2) RR rise >10 bpm compared with
baseline, with RR >60 bpm; (3) a 1-point increase in
the EDIN score compared with baseline, with EDIN >4
despite the use of hydroxyzine (1 mg/kg); and (4) more
than two severe apnea episodes per hour (i.e., requiring
bag and mask ventilation), despite a loading dose of caf-
feine (20 mg/kg) after the first apnea.

Outcome

The primary outcome was treatment failure within 24 h
after randomization. This limited duration took into
account (1) the policy in some participating PICUs of
transferring stabilized patients after a few days and (2)
several reports that the risk of failure is highest within
24 h of commencing the two techniques [16, 17, 27, 28].
Prespecified secondary outcomes included delay, causes,
and predictors of failure [29], success rate after crossover,
intubation rate, occurrence of skin lesions, length of stay,
and serious adverse events (air leak syndrome and death).

Scales and scores

mWCAS is a composite score assessing the severity of
bronchiolitis through five components: cyanosis, inspira-
tory breath sounds, accessory muscle use, expiratory
wheezing, and cerebral function. Each is rated as follows:
0 for none, 0.5 for mild, 1 for moderate, and 2 for maxi-
mal [5]. A visual analog scale is used to standardize the
scoring of accessory muscle use and wheezing [30].

EDIN is a neonatal pain and discomfort scale com-
prising five behavioral indicators: facial activity, body
movements, quality of sleep, quality of contact, and con-
solability [25].

Skin lesions were documented according to the
National Pressure Ulcer Advisory Panel (NPUAP) defini-
tions [31].

Statistical analyses

To satisfy the noninferiority criterion, we considered
that the failure rate of the HFNC device should lie within
15% of the failure rate of the CPAP device. A power cal-
culation indicated that 142 patients were needed for
the study, using an estimated 85% success rate for both
devices, power of 80%, and p < 0.05. This success rate
was extrapolated from key studies using either of the two
techniques [9, 10, 14—18, 27, 28]. The noninferiority of the
HENC device was assessed by the one-sided Farrington—
Manning confidence limit for the risk method using the
prespecified noninferiority margin of 15%. Both inten-
tion-to-treat and per-protocol analyses were performed.



212

an acute viral bronchiolitis

342 infants < 6 months hospitalised in the 5 PICUs for
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Fig. 1 Flowchart of the study population. PICUs pediatric intensive care units, mWCAS modified Wood's clinical asthma score, nCPAP nasal continu-

Table 1 Demographic and clinical characteristics of the
patients at baseline

Weight (g) 4126.7 (1207) 4134 (1097) 4119 (1302) 0.81
Age (days) 40 (35) 38(32) 42 (39) 0.82
Born preterm, 26 (18.3) 11 (15.5) 15(214) 0.22
n (%)
SGA, n (%) 10 (7.0) 4 (5.6) 6 (8.6) 0.71
BPD, n (%) 2(1.4) 1(1.4) 1(1.4) 1
RR (breath/ 53 (18) 54 (18) 52(18) 043
min)
HR (beat/min) 166 (19) 165 (19) 166 (20) 0.75
MABP (mmHg) 69 (13) 70 (13) 69 (13) 048
SpO, 95 (5) 95 (4) 95 (5) 0.49
FiO, 30(12) 30(12) 31(13) 0.73
mWCAS 4(1) 4(1) 4(1) 0.67
pH 7.28(0.1) 7.27 (0.1) 7.29(0.1) 0.08
PO
(kPa) 7.99 (1.87) 8.13(1.99) 7.73 (1.60) 0.20
(mmHg) 60 (14) 61 (15) 58(12)

Values are mean (SD) or numbers (%)

SGA small for gestational age, defined as birthweight <10th percentile for
gestational age according to customized French curves, BPD bronchopulmonary
dysplasia, defined as administration of oxygen for at least 28 days at 36 weeks’
postmenstrual age, RR respiratory rate, HR heart rate, MABP mean arterial blood
pressure, mMWCAS modified Wood'’s clinical asthma score

Other outcomes were compared using the Fisher, Wil-
coxon—Mann—-Whitney, and Chi-squared tests as appro-
priate. All analyses were made using an intention-to-treat
approach unless otherwise stated. SAS Enterprise Guide
4.3 (SAS Institute, Cary, NC, USA) was used to generate
the randomization list and perform all statistical analyses.

Results

From 1 November 2014 to 1 March 2015, 342 infants
were admitted to the PICUs with a diagnosis of AVB. A
total of 142 (77.6%) were included from the 183 eligible
patients (Fig. 1). Twenty six (18%) had been born prema-
turely. Their postnatal age was comparable (p = 0.21) but
their weight was lower (p < 0.001) than that of the other
infants. Respiratory syncytial virus (RSV) was positive for
125 (88%). Following randomization, patients—including
those born preterm—were equally distributed into the
CPAP and HFENC groups (n = 71 in each, Table 1).

Primary endpoint
Failure occurred in 22 of 71 infants (31.0%) in the nCPAP
group and 36 of 71 infants (50.7%) in the HENC group.

Noninferiority analysis
With a risk-difference of —19% (95% CI —35 to —3%), the
prespecified noninferiority margin of —15% was included
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Fig. 2 Probability of treatment failure with nasal continuous positive airway pressure (NCPAP, blue diamonds) or high flow nasal cannula (HFNC,
red squares) according to time (h) in infants with acute viral bronchiolitis. p values were 0.29 at 1 h, 0.12 at 6 h, 0.04 at 12 h, and 0.05 at 24 h using a
mixed model

in the confidence limit, not allowing the conclusion of
noninferiority (p = 0.707). Hence, the result allowed us
to test the superiority of nCPAP compared with HFNC.

Superiority analysis

The intention-to-treat population was used to test the
superiority of nCPAP compared with HFNC. With a dif-
ference of 20% (95% CI 4—36%), success was higher in the
nCPAP group (p = 0.001), suggesting the superiority of
nCPAP and a relative risk of success 1.63 (95% CI 1.02—
2.63) higher with nCPAP compared with HENC.

Secondary endpoints

Timing and causes of failure

Sixty percent of failures (35/58) were observed during the
first 6 h following treatment allocation (Fig. 2). The mean
time to failure was comparable between groups [6.7 (5.7)
vs 9.7 (8.8) h, p = 0.19].

The reasons for treatment failure in the two study
groups were rise in m-WCAS (31 cases), rise in RR (27
cases), rise in EDIN score (19 cases), and apnea (7 cases).
Discomfort was the leading cause of failure in the nCPAP
group. Worsening of respiratory distress signs was more
frequent in the HFNC group (Table 2).

Predictors of failure
Among the data collected at baseline (Table 1), univari-
ate analysis found that higher weight (p = 0.04) was the

Table 2 Primary outcome

Patients with at least one 22(31.0) 36 (50.7) 0.001
failure, n (%)
Rise in mWCAS, n (%) 10 (14.1) 21(29.6) 0.04
mWCAS score before switch 4(1) 4(1) 0.90
Rise in RR, n (%) 8(11.3) 19 (26.8) 0.03
RR value before switch 46 (11) 58 (21) 0.04
Rise in EDIN score, n (%) 13(18.3) 6 (8.5) 0.14
EDIN score before switch 6 (4) 333) 0.02
Apnea, n (%) 2(2.8) 5(7.0) 0.698

Values are mean (SD) or numbers (%)
Patients may have more than one criterion for failure

mW(CAS modified Wood’s clinical asthma score, RR respiratory rate, EDIN
neonatal pain and discomfort scale

only predictor of failure in the nCPAP group. For infants
randomized into the HENC group, higher baseline FiO,
(p = 0.02) was the sole predictor of failure.

The failure rate of infants born preterm did not dif-
fer from that of the other infants (p = 0.38). Despite a
broader use of caffeine (p = 0.008), apnea—whatever the
randomization group—was a more frequent cause of fail-
ure in these patients (15.3 vs 2.5%; p = 0.02).

Failure rate was not different among centers (p = 0.48)
or among interfaces used for nCPAP (p = 0.76).
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Table 3 Secondary outcomes in the study groups

Oral or intravenous caf- 11 (15.5)

feine, n (%)

CPAP 52 (42) 44 (95) 0.001
HFENC 18 (28) 49 (44) <0.0001
BiPAP 6.6(19) 9331 0.806
Total duration 729 (46.3) 98.3(100.6) 0.225
Intubation, n (%) 34.2) 5(6.9) 0.72
Invasive ventilation (h) 6.7 (36) 10 (44) 0.487
Skin lesions, n (%) 6 (8.5) 2(2.8) 0.27
PICU LOS (days) 7.5 (13) 6.2 (6) 044

Values are mean (SD) or numbers (%)

BiPAP bilevel positive airway pressure, PICU LOS length of stay in the pediatric
intensive care unit

Prespecified patient’s outcomes

All patients who failed were switched to the alterna-
tive respiratory support (Fig. 3). The success rate with
the alternative support did not differ between groups
(p=0.53).

The main prespecified data collected after the protocol
was revealed no significant difference between groups
(Table 3). Eight (5.7%) infants were intubated during
PICU hospitalization. Two, both randomized into the
HENC group, were intubated during the protocol period,
and six after its completion. Three of them had been ran-
domized into the nCPAP group, including one switched

to HENC. The three others had been randomized into the
HENC group and were all switched to nCPAP. Intubation
tended to be associated with HFNC failure (p = 0.054)
but not with nCPAP failure (p = 1).

All skin lesions were classified as NPUAP stage 1,
including redness of the philtrum and the nasal bridge.
None of the patients had air leak syndrome or died.

Discussion

In this multicenter randomized trial, the effectiveness of
HFNC was not equivalent to that of nCPAP as the ini-
tial respiratory support for young infants with moder-
ate to severe AVB. A majority of the failures with HFNC
occurred early, within 6 h of initiation, and worsening of
respiratory distress was the leading cause. When treatment
with HENC failed, about two-thirds of the infants were
successfully treated with nCPAP, resulting in nonsignifi-
cant between-group differences in the rate of intubation,
serious adverse events, and length of stay in the PICU.

When planning the study, we assumed a success rate of
85% on the basis of previous reports on preemptive ven-
tilatory strategies with nCPAP or HENC in infants with
AVB [9, 10, 14-18, 27, 28]. Our results showed lower per-
formances, with both nCPAP and HENC, which may be
explained by the selection of a homogeneous population
with a serious form of the disease.

Among the failure criteria, we selected two indicators
predictive of respiratory muscle fatigue and escalation
toward invasive ventilation. The mWCAS was chosen, as
this scoring tool has been the most frequently used to assess
change over time in respiratory distress in both trials and
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clinical practice [32, 33]. Previous studies using this score
have found significant correlations between mWCAS and
indices of inspiratory effort, which estimates the metabolic
cost of breathing [5, 34]. An increase in RR was also chosen
because several reports have suggested that this objective
variable may be an early predictor of the response to nCPAP
or HENC [13, 16, 18, 28, 35]. The results of our study sug-
gested that HFNC was less efficient than nCPAP in rapidly
improving the breathing pattern and unloading the respira-
tory muscles in infants with hypercapnic AVB [6, 8].

A common reason for PICU referral in cases of AVB
is apnea requiring mechanical respiratory support [36].
Despite the characteristics of our population, notably the
young age of the infants and the significant proportion of
preterms [37], apnea was a cause of failure in less than
5% of patients. Throughout the TRAMONTANE study,
the use of caffeine was considered as a standard of care
in all the investigation centers. Since then, however, a
randomized trial did not demonstrate the usefulness of
this treatment [38], yet it should be noted that the use of
nCPAP and HENC was very low in this work.

Intolerance of nCPAP was observed in nearly 20% of
the infants. By comparison, HFNC was associated with
a higher degree of comfort: prongs are softer, and con-
nected to a lightweight circuit fixed under the nose that
does not interfere with the visual field and the infant’s
communication skills.

Switching a patient from one group to the other was a
successful strategy in most cases, either early in patients
supported by HENC requiring high levels of oxygen, or
later in patients uncomfortable with nCPAP. Down-
stream of the initial management, none of the prespeci-
fied secondary outcomes differed between groups. As
the TRAMONTANE study was not powered to investi-
gate intubation rates, larger multicenter studies will be
required to assess the difference between nCPAP and
HENC for this critical outcome.

The strengths of this study include the multicenter
design, a study protocol that included prespecified cri-
teria for failure, and an intention-to-treat analysis. TRA-
MONTANE is one of the largest interventional studies
performed in a PICU on this topic, and it is the first trial
to directly compare two modalities of noninvasive venti-
lation for the initial management of AVB.

Limitations

The need for intubation, which is the gold standard in
trials on acute respiratory failure, was not selected as
the primary outcome because very low rates have been
reported since the introduction of noninvasive venti-
lation for primary respiratory support in AVB [10, 14,
15, 18, 39]. Given these findings, we thought it would
be unethical to compare the two devices with low flow

oxygen therapy in a control group. We therefore used a
set of criteria rather than a single criterion, which may
limit comparisons with other studies in this field.

The 15% margin of noninferiority between the devices
may also appear generous, but this choice took into
account an acceptable risk in the case of HFNC being
truly inferior, as the failure criteria did not include a criti-
cal outcome like intubation.

Given the noninferiority trial design of this study, the
superiority analysis should be interpreted with caution.
Indeed, this secondary analysis was conducted to help
understand the absence of noninferiority, which remains
in any event our primary result. This primary endpoint
was evaluated over the short term, but clinical experience
indicates that, beyond the initial management, multiple
changes in the ventilatory strategy are made to fit the
lability of respiratory distress in these infants.

The possibility of switching to alternative respiratory
support in the presence of failure criteria may have influ-
enced the secondary outcomes of main clinical interest,
like intubation rate, duration of ventilation, and LOS
in the PICU. The EDIN score has not been validated in
young infants, and a 1-point change in the scale could be
considered excessively sensitive. The scale was neverthe-
less chosen because it is widely used in French PICUs
and the age of AVB onset is close to the neonatal period.

Conclusion

This study suggested that nCPAP may be more efficient
than HENC for initial respiratory support in young
infants hospitalized in a PICU for moderate to severe
AVB. Preemptive respiratory support with nCPAP or
HENC was safe, with very low rates of intubation and

skin lesions and the absence of air leak syndrome and
death.
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