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Abstract
Purpose: High-flow nasal cannula (HFNC) therapy is increasingly proposed as first-line respiratory support for infants
with acute viral bronchiolitis (AVB). Most teams use 2 L/kg/min, but no study compared different flow rates in this set‑
ting. We hypothesized that 3 L/kg/min would be more efficient for the initial management of these patients.
Methods: A randomized controlled trial was performed in 16 pediatric intensive care units (PICUs) to compare these
two flow rates in infants up to 6 months old with moderate to severe AVB and treated with HFNC. The primary end‑
point was the percentage of failure within 48 h of randomization, using prespecified criteria of worsening respiratory
distress and discomfort.
Results: From November 2016 to March 2017, 142 infants were allocated to the 2-L/kg/min (2L) flow rate and 144
to the 3-L/kg/min (3L) flow rate. Failure rate was comparable between groups: 38.7% (2L) vs. 38.9% (3L; p = 0.98).
Worsening respiratory distress was the most common cause of failure in both groups: 49% (2L) vs. 39% (3L; p = 0.45).
In the 3L group, discomfort was more frequent (43% vs. 16%, p = 0.002) and PICU stays were longer (6.4 vs. 5.3 days,
p = 0.048). The intubation rates [2.8% (2L) vs. 6.9% (3L), p = 0.17] and durations of invasive [0.2 (2L) vs. 0.5 (3L) days,
p = 0.10] and noninvasive [1.4 (2L) vs. 1.6 (3L) days, p = 0.97] ventilation were comparable. No patient had air leak
syndrome or died.
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Conclusion: In young infants with AVB supported with HFNC, 3 L/kg/min did not reduce the risk of failure compared
with 2 L/kg/min. This clinical trial was recorded on the National Library of Medicine registry (NCT02824744).
Keywords: Bronchiolitis, High-flow nasal cannula, Infant, Noninvasive ventilation, Oxygen inhalation therapy,
Randomized controlled trial, Respiratory syncytial virus, Respiratory therapy

Introduction
Acute viral bronchiolitis (AVB) is one of the most common infections of early childhood worldwide and a leading cause of hospitalization in high-income countries [1].
Among young infants, 9–12% of the cases are moderate
to severe and require admission to the pediatric intensive
care unit (PICU) [2]. In this situation, nasal continuous
positive airway pressure (nCPAP) appears to decrease
PCO2 and lower inspiratory muscular effort, lengthening the expiratory time and concomitantly improving the
clinical signs of respiratory distress [3–6].
More recently, administration of a heated and humidified mixture of air and oxygen through high-flow nasal
cannulae (HFNC) has been proposed for the management of AVB [7–9]. This device, which is perceived as
being easier to set up, better tolerated, and less likely to
cause nasal trauma, is therefore challenging nCPAP for
this indication [10]. In the first TRAMONTANE study,
we performed a randomized controlled trial and demonstrated that the failure rate with initial management
using HFNC was higher than that of nCPAP, suggesting
that nCPAP may be more efficient [11]. The study results
raised a question about the HFNC flow rate, which was
limited to a clinically tested value of 2 L/kg/min [7–9]. In
another study, we described a linear relationship between
the flow rate indexed to the patient’s weight and the pharyngeal pressure at this value [12]. However, end-inspiratory pressure was inconstantly positive at this setting,
suggesting that the upper limit of the flow rate that would
generate continuously positive airway pressure remained
to be determined [8]. Extrapolating the relationship
between flow and pressure [12], we thus expected that
increasing the flow rate up to 3 L/kg/min might generate
a mean pharyngeal pressure of nearly 7 cm H
 2O, which
may be optimal in terms of short-term clinical outcomes
[5, 13].
We hypothesized that a flow rate of 3 L/kg/min would
be more efficient than 2 L/kg/min for the initial management of moderate to severe AVB. We performed a multicenter randomized clinical trial, with comparison of the
failure rates between these two flow settings as the primary aim.
Methods
This prospective, randomized, and multicenter comparison of two flow settings for high-flow oxygen therapy

through nasal cannulae to manage infants with AVB was
conducted in 16 French university hospital centers.
Population

Eligibility for inclusion was considered for patients in a
participating PICU who were younger than 6 months if
the following conditions were all met: (1) clinical diagnosis of bronchiolitis on the basis of history and physical
examination [14], (2) moderate to severe respiratory distress defined by a modified Wood’s clinical asthma score
(mWCAS) ≥ 3, (3) absence of cardiac or neuromuscular
disease and no pneumothorax on chest radiograph, (4)
absence of immediate need for invasive ventilation, and
(5) authorization for study enrollment signed by both
parents.
Study protocol

On admission, the nurse cleared nasopharyngeal secretions and started cardiorespiratory monitoring, including
pulse oximetry (SpO2), blood pressure, and transcutaneous CO2 (TcCO2) monitoring when this was possible.
Chest x-ray and capillary blood gas measurements were
ordered if they had not been performed in the previous
hours. Infant positioning and feeding mode—i.e., enteral
or parenteral—followed the standard practices of each
PICU.
After verification of eligibility and parental consent
for study inclusion, a blend of air/oxygen was delivered
via nasal cannulae at a maximal flow rate of 1 L/min, in
order to establish the baseline status. FiO2 was adjusted
to maintain SpO2 in the target range of 94–97%. If necessary, treatment with corticosteroids, bronchodilators,
antitussives, or mucolytics was immediately discontinued
and was not allowed during the study period. Baseline
observations were made 15 min later. Respiratory rate
(RR), heart rate (HR), mWCAS, and neonatal pain and
discomfort using the EDIN (neonatal pain and discomfort) scale were recorded.
Heated and humidified high-flow oxygen therapy was
then delivered with a respiratory gas generator (Airvo
2 or Optiflow, Fisher and Paykel, Villebon, France) and
high-flow nasal cannulae (Optiflow Junior, infant or pediatric cannulae, Fisher and Paykel, Villebon, France). The
outer diameter of the nasal prongs was approximately
half the diameter of the infant’s nares. The humidifier was
auto set to 37 °C, FiO2 was titrated to obtain the same
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prespecified SpO2 target, and the administered flow was
determined by randomization.
The protocol lasted a minimum of 48 h, with the systematic collection of the following physiological parameters at 1 h (H1), 24 h (H24), and 48 h (H48) after the
allocated treatment was started: RR, HR, mWCAS, EDIN
score, skin lesion score, F
 iO2, SpO2, and TcCO2. However,
it could be stopped before the end for infants with signs
of dramatic improvement. In this case, the last recorded
measurements were used as end-of-study measures.
Failure

As in the first TRAMONTANE study [11], failure was
assumed if one of the following occurred: (1) an increase
of 1 point in mWCAS compared with the basal value, (2)
more than 10 breaths per min (bpm) with RR > 60 bpm,
(3) an increase of 1 point in the EDIN score with a
score > 4 despite the use of hydroxyzine (1 mg/kg), and
(4) more than two apnea episodes in 1 hour requiring bag
and mask ventilation.
Failure was the primary outcome. Time to failure was
collected precisely, as the patients were in PICUs and
under close supervision. This randomized controlled trial
did not use a cross-over design.
Management of failures

The physician in charge of the patient care decided on the
next therapeutic step. For the 3-L/kg/min group, the possibility of reducing the flow to 2 L/kg/min was offered,
with the assumption being that the failure was related to
the discomfort caused by excessive flow. In these patients,
the above-described physiological data were collected 1 h
and 24 h following the change in flow rate to evaluate the
effectiveness of this strategy. In all patient cases of failure
were collected the respiratory supports (HFNC with the
flow setting used, noninvasive ventilation, intubation),
and their respective durations.
Randomization and masking

Central randomization was used to assign the patients to
receive a flow rate of 2 L/kg/min or 3 L/kg/min. It was
performed using minimization set with Ennov Clinical Randomization software (Ennov Clinical, Ennov,
Paris, France). Randomization was done by the Clinical
Research and Epidemiology Unit, Medical Information
Department, Montpellier University Hospital. The treatment group allocation was displayed live on the electronic casereport form (eCRF).
Outcome

The primary outcome was treatment failure, defined as
the occurrence of one of the criteria specified above, with
the allocated flow rate within 48 h of randomization.

Prespecified secondary outcomes included exact timing and causes of failures, failure management in the two
groups, early protocol cessation for dramatic improvement, intubation rate, HFNC-associated skin lesions,
length of stay in the PICU, and serious adverse events (air
leak syndrome and death).
Scales and scores

The mWCAS is used to assess respiratory distress during
AVB. The following components are graded from 0 to 2
according to increasing severity: cyanosis, inspiratory
breath sounds, accessory muscle use, expiratory wheezing, and cerebral function. The maximum for this score
is 10 [15].
EDIN includes five behavioral indicators of pain and
discomfort: facial activity, body movements, quality of
sleep, quality of contact, and consolability. The maximum
score is 3 for each component and 15 for the total score
[16].
HFNC-associated skin lesions were documented
according to the National Pressure Ulcer Advisory Panel
(NPUAP) definitions—stage 1: non-blanchable erythema
of intact skin, stage 2: partial-thickness skin loss with
exposed dermis, stage 3: full-thickness skin loss, and
stage 4: full-thickness skin and tissue loss [17].
Statistical analyses

The first TRAMONTANE study [11] was conducted with
a comparable population in terms of AVB severity and
found failure rates of 31.0% with nCPAP and 50.7% with
HFNC at a 2-L/kg/min flow rate. We hypothesized that
a flow rate of 3 L/kg/min would lower the HFNC failure
rate to that observed with nCPAP—i.e., 30%—whereas
a flow rate maintained at 2 L/kg/min would not change
this rate—i.e., 50%. On this assumption, with an alpha
risk of 5% and a power of 90%, 135 infants per arm were
required. Given the number of centers involved in this
work, it seemed reasonable to target 150 per group for a
total of 300 patients.
Comparison of failure rates at 48 h was performed
using a Chi-squared test. Other outcomes were compared using the Fisher, Wilcoxon-Mann–Whitney, and
Chi-squared tests as appropriate. All analyses were made
using an intention-to-treat approach. SAS Enterprise
Guide 4.3 (SAS Institute, Cary, NC, USA) was used for all
statistical analyses.
Ethical consideration

The study protocol was approved by the South Mediterranean IV Ethics Committee (2016-A00900-51). This
clinical trial was recorded on the National Library of
Medicine registry (NCT02824744). Written authorization was obtained from the two parents.
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Results
From 1 November 2016 to 1 March 2017, 998
infants ≤ 6 months were admitted to the 16 PICUs for
AVB. Of the 742 eligible patients, 286 (39%) underwent randomization (Fig. 1). The baseline demographic
and clinical characteristics were comparable in the 142
patients allocated to receive HFNC with a flow rate of
2 L/kg/min and the 144 allocated to receive 3 L/kg/min
(Table 1). Respiratory syncytial virus (RSV) was positive
for 241 infants (84%).
Primary endpoint

Intention-to-treat analysis found no difference in treatment failure, occurring in 55/142 (38.7%) infants in the
2-L/kg/min group and 56/144 (38.9%) infants in the 3-L/
kg/min group (p = 0.98).
Secondary endpoints
Timing and causes of failures

Following treatment allocation, 86% of the failures
(96/111) occurred within the first 24 h (Fig. 2). The
median time to failure was comparable between groups
[6 (1; 18) h vs. 7 (2.25; 16.5) h, p = 0.71].
One hundred and thirty-five failure criteria were
observed in 111 patients: 64 in the 2-L/kg/min group
and 71 in the 3-L/kg/min group (Table 2). Increases
in the mWCAS score (49 cases, 36%) and/or in RR (45
cases, 33%) were the most frequent criteria, indicating a
worsening of respiratory distress. Their distribution was
comparable between groups. Discomfort was a failure
criterion for a quarter of the patients, and it was more
common in the 3-L/kg/min group. Post-hoc analysis,
after exclusion of 19 patients for which the rise of EDIN
score represented the sole failure criteria, found comparable failure rates between groups: 37% (2L) vs. 31% (3L;
p = 0.29).
Apnea was a rare failure criterion (three cases, 2%).
Infants with a weight inferior or equal to 4 kg were
more susceptible to failure (45% vs. 34%, p = 0.048). Nevertheless, there was no difference in failure rate between
the two HFNC groups in these patients.
The overall failure rate of HFNC treatment was significantly different among some centers, but analyzes within
centers showed no significant difference between the
allocated flow rates.
Management of failures

2-L/kg/min group: Noninvasive ventilation (NIV) was
used in 48 patients, including 41 immediately following
failure and 7 after increasing the HFNC flow rate to 3 L/
kg/min. Intubation was required in four patients after
rescue treatment with HFNC or NIV in two cases each
(Fig. 3).

Fig. 1 Flowchart of the study population. PICUs pediatric intensive
care units, mWCAS modified Wood’s clinical asthma score, HFNC highflow nasal cannula

3-L/kg/min group: In accordance with the protocol, the
flow was reduced to 2 L/kg/min in 36 infants. Improvement was observed in 13 of them (36%), who remained
supported with this flow rate during the next 24 h. NIV
was used in 48 patients, including 19 immediately following failure and 29 after reducing the flow rate to 2 L/kg/
min. Intubation was required for 10 patients, including
1 after failure and 9 after rescue treatment with HFNC
and/or NIV (Fig. 3).
Other prespecified patient outcomes

HFNC was removed before the end of the protocol
period because of dramatic clinical improvement for 31
(21.8%) patients in the 2-L/kg/min group after 28.9 (10.9)
h of treatment, and for 35 (24.3%) patients in the 3-L/
kg/min group after 26.7 (11) h of treatment (p = 0.55 for
patient rate and p = 0.77 for treatment duration).
The intubation rates and mean durations of noninvasive or invasive ventilatory support were comparable
between the two groups. The occurrence of skin lesions
was low (1.4%), with all lesions classified as NPUAP stage
1, including redness of the philtrum and the nasal bridge.
The length of stay in the PICU was significantly longer in
the 3-L/kg/min group (Table 3).
No patient presented a serious adverse event during
hospitalization.

Discussion
This study is the first randomized, prospective, and multicenter comparison of two HFNC flow rates to support
young infants with AVB. Contrary to our hypothesis, the
use of the 3-L/kg/min flow rate did not reduce the risk
of primary treatment failure compared with the reference
flow rate of 2 L/kg/min. In addition, the 3-L/kg/min flow
rate was more frequently a source of discomfort and possibly prolonged the length of stay in the PICU. Failures
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Table 1 Demographic and clinical characteristics of the patients at baseline
Total population (N = 286)

HFNC 2 L/kg/min (N = 142)

HFNC 3 L/kg/min (N = 144)

p

Female n (%)

116 (40.6)

58 (40.9)

58 (40.3)

0.92

Born preterm, n (%)

42 (14.7)

24 (16.9)

18 (12.5)

0.29

SGA, n (%)

13 (4.5)

6 (4.2)

7 (4.9)

0.80

BPD, n (%)

2 (0.7)

1 (0.7)

1 (0.7)

1.00

Corticosteroids

10 (3.5)

5 (3.5)

5 (3.4)

0.97

Bronchodilators

28 (9.8)

15 (10.6)

13 (8.9)

0.65

Antibiotics

35 (12.2)

15 (10.6)

20 (13.8)

0.40

Nebulized HS

14 (4.9)

6 (4.2)

8 (5.5)

0.61

Chest physiotherapy

38 (13.3)

22 (15.5)

16 (11.0)

0.26

n = 286

n = 142

n = 144

4285 (3575; 5240)

4500 (3600; 5300)

4155 (3500; 5205)

n = 286

n = 142

n =144

1.4 (0.66; 2.33)

1.59 (0.79; 2.35)

1.33 (0.59; 2.14)

n = 286

n = 142

n = 144

57 (47; 68)

56 (46; 68)

58.5 (47; 68.5)

n = 286

n = 142

n = 144

160 (148; 175)

160 (149; 173)

160 (147; 177)

n = 272

n = 136

n = 136

71 (61; 80)

73 (62; 80)

71 (60; 79.5)

n = 286

n = 142

n = 144

97 (94; 99)

96.5 (94; 99)

97 (94; 99)

n = 250

n = 127

n = 123

28 (22; 38)

28 (21; 35)

28 (23; 40)

n = 286

n = 142

n = 144

4 (3.5; 5)

4 (3.5; 5)

4 (3.5; 5)

n = 227

n = 110

n = 117

7.3 (7.2; 7.3)

7.30 (7.20; 7.30)

7.30 (7.20; 7.30)

n = 234

n = 114

n = 120

58 (50; 68)

58 (47; 68)

58.5 (51; 68.5)

Treatment, n (%)

Weight (g)
Mean (± SD)
Median (Q1; Q3)
Age (months)
Mean (± SD)
Median (Q1; Q3)
RR (breath/min)
Mean (± SD)
Median (Q1; Q3)
HR (beat/min)
Mean (± SD)
Median (Q1; Q3)
MABP (mmHg)
Mean (± SD)
Median (Q1; Q3)
SpO2 (%)
Mean (± SD)
Median (Q1; Q3)
FiO2 (%)
Mean (± SD)
Median (Q1; Q3)
mWCAS
Mean (± SD)
Median (Q1; Q3)
pH
Mean (± SD)
Median (Q1; Q3)
PCO2 (mmHg)
Mean (± SD)
Median (Q1; Q3)

4460 (1137)

1.58 (1.93)

57.6 (16.2)

161 (19.9)

70.6 (13.2)

96 (3.6)

31.9 (13.2)

4.5 (1.1)

7.26 (0.1)

58.5 (12.7)

4512 (1114)

1.92 (1.75)

57.1 (15.4)

161.5 (18.1)

71.3 (13.5)

96 (3.7)

4409 (1160)
0.32

1.60 (1.80)

58.1 (16.9)

0.12
0.59

161.2 (21.6)

70 (12.9)

0.75
0.44

96.1 (3.5)

31.2 (11.6)

4.4 (1)

0.91

32.7 (14.7)
0.81

4.55 (1.1)

7.27 (0.1)

57.1 (13.1)

0.22

7.26 (1.1)

59.8 (12.2)

0.52
0.1

Values are mean (SD) or numbers (%)
HFNC high-flow nasal cannula; 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; HS nebulized hypertonic saline treatment; RR
respiratory rate; HR heart rate; MABP mean arterial blood pressure; mWCAS modified Wood’s clinical asthma score

in both groups were mainly due to worsening of respiratory distress, highlighting the limitations of this device in
moderate to severe forms of the disease.

Acute hypoxic respiratory failure is usually associated with tachypnea and high peak inspiratory flow rate.
High-flow systems were initially developed to deliver an
oxygen-gas mixture that matches the patient’s inspiratory
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Fig. 2 Primary endpoint: successful management with flow rates of 2 L/kg/min (blue line) or 3 L/kg/min (red line) according to time (H, hours) in
infants with acute viral bronchiolitis

Table 2 Causes of treatment failure in the study groups
HFNC 2 L/kg/min
n = 55

HFNC 3 L/kg/min
n = 56

p

Rise in mWCAS,
n (%)

27 (49)

22 (39)

0.45

mWCAS score

n = 27

Mean (± SD)

n = 22

5.80 (1.2)

6.11 (1.2)

6 (5; 7)

6 (5.5; 7)

Rise in RR, n (%)

23 (42)

22 (39)

RR value
Mean (± SD)

n = 23

82.87 (12.1)

n = 22

Median (Q1; Q3)

80 (71; 92)

80 (70; 93)

9 (16)

24 (43)

Median (Q1; Q3)

Rise in EDIN score,
n (%)
EDIN score

80.73 (11.7)

0.36
0.7
0.50
0.002

Mean (± SD)

9.33 (2.6)

n=9

n = 24

Median (Q1; Q3)

10 (8; 11)

7.5 (6; 10)

Apnea, n (%)

3 (5)

0 (0)

0.27

Multiple criteria,
n (%)

13 (24)

19 (34)

0.27

7.83 (2.6)

0.13

The patients could present several causes of failure at the same time
Values are mean (SD) or numbers (%)
mWCAS modified Wood’s clinical asthma score; RR respiratory rate; EDIN
neonatal pain and discomfort scale

demand [18]. Unfortunately, data on spontaneous inspiratory demand are very scarce in young infants. In term
infants, peak inspiratory flow immediately after birth was
estimated to range between 2.0 (1.3) and 2.5 (1.6) L/kg/
min [19]. Subsequently, a value of 0.83 (0.20) L/kg/min
was reported in healthy newborns at 1 week [20]. One

might speculate that inspiratory demand is higher in
cases of acute respiratory distress [21]; however, clearly,
no data are available in infants with AVB. Most authors
currently use a maximal flow rate of 2 L/kg/min to support infants in this population with HFNC [2, 11, 22–26],
but the rationale for this choice is based on a limited
number of physiological studies.
In this clinical setting, we previously reported that a
flow rate ≥ 2 L/kg/min was required to generate a mean
pharyngeal pressure of at least 4 cm H2O [7]. The combined measurements of diaphragmatic electrical activity
and esophageal pressure swings confirmed the effectiveness of this flow rate to reduce the work of breathing in
these patients [9]. We speculated that increasing the flow
up to 3 L/kg/min might generate an even more effective positive airway pressure during both inspiration and
expiration. Indeed, levels as high as 5–8 L/kg/min have
been used to reduce the work of breathing in premature
newborns after extubation [27, 28], and improvements
in lung aeration, dynamic compliance, and oxygenation
have been observed in adults with acute hypoxemic respiratory failure after increasing HFNC flow from 30 to
60 L/min [29]. Our hypothesis thus seemed physiologically realistic and clinically likely to bridge the efficiency
gap observed between nCPAP and HFNC during initial
respiratory management of AVB [11].
Nevertheless, the present study did not demonstrate the
clinical interest of increasing the HFNC flow rate above
2 L/kg/min, which suggests that high flow acts through a
threshold effect rather than a dose–effect relationship in
this indication. This result is consistent with the findings
of Mauri et al. in adults [29], who showed an exponential
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Fig. 3 Management of failures in the study groups. HFNC high-flow nasal cannula; NIV noninvasive ventilation, including nasal continuous positive
airway pressure (nCPAP) and bilevel positive airway pressure (BiPAP)

Table 3 Prespecified secondary patient outcomes during hospitalization in the study groups

HFNC 2 L/kg/min
Total duration (days)

Total population (N = 286)

HFNC 2 L/kg/min (n = 142)

HFNC 3 L/kg/min (n = 144)

p

n = 206 (72.0)

n = 142 (100)

n = 64 (44.1)

< 0.001
< 0.001

Mean (± SD)

1.7 (1.9)

2.4 (1.8)

1.1 (1.9)

Median (Q1; Q3)

1 (0; 3)

2 (1; 3)

0 (0; 2)

n = 163 (56.9)

n = 19 (13.4)

n = 144 (100)

< 0.001
< 0.001

HFNC 3 L/kg/min
Total duration (days)
Mean (± SD)

1.4 (2.8)

0.35 (1.1)

2.41 (3.7)

Median (Q1; Q3)

1 (0; 2)

0 (0; 0)

2 (1; 3)

n = 96 (33.4)

n = 48 (33.8)

n = 48 (33.1)

0.91
0.97

Noninvasive ventilation
Total duration (days)
Mean (± SD)

1.5 (2.7)

1.4 (2.4)

1.6 (3.0)

Median (Q1; Q3)

0 (0; 3)

0 (0; 3)

0 (0; 2)

n = 14 (4.9)

n = 4 (2.8)

n = 10 (6.9)

0.17
0.10

Intubation
Total duration (days)
Mean (± SD)

0.3 (1.6)

0.2 (0.9)

0.5 (2.0)

Median (Q1; Q3)

0 (0; 0)

0 (0; 0)

0 (0; 0)

n = 286

n = 142

n = 144

PICU LOS
Total duration (days)
Mean (± SD)

5.8 (4.1)

5.3 (2.8)

6.4 (4.9)

Median (Q1; Q3)

5 (4; 6)

5 (4; 6)

5 (4; 7)

Skin lesions n (%)

4 (1.4)

4 (2.8)

0 (0)

0.048
0.059

Values are mean (SD) or numbers (%)
PICU LOS length of stay in the pediatric intensive care unit. Noninvasive ventilation includes nasal continuous positive airway pressure (nCPAP) and bilevel positive
airway pressure (BiPAP)

relationship between flow rates and inspiratory workload,
with maximal reduction in effort and work of breathing
obtained for the majority of patients at the lowest flow of

30 L/min. The use of the highest flow rate was associated
with a further increase in the PaO2/FiO2 ratio, suggesting
this strategy could be particularly useful in patients with
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a marked shunt effect [29]. A restrictive parenchymal
disease is, however, unusual in young infants with AVB,
with most of them having mainly severe obstructive lung
disease [30]. Indeed, our sample was characterized by
hypercapnia and relatively modest oxygen requirements.
Higher flow rates might potentially be relevant in pediatric populations with more hypoxemic and less hypercapnic respiratory failure. HFNC also acts through washout
of nasopharyngeal dead space [31]. This mechanism plateaus at a flow that can flush all of the available anatomical dead space in the allotted time [32]. In our patients,
dead space washout may be fully achieved at 2 L/kg/min.
The main difference between the two groups was a
longer stay in the PICU for the infants allocated to 3 L/
kg/min, which was about 20% more than in the other
group. This difference could not be attributed to the
duration of NIV, which was very similar between groups,
nor to the duration of invasive ventilation, as it was
exceptionally needed. Most likely, the longer stay was due
to the gradual reduction in the flow rate, a clinical practice adopted by most centers participating in the study,
adding an extra step in weaning patients off HFNC compared with the 2-L/kg/min group. Accordingly, studies
have also observed longer PICU stays associated with
HFNC use over other modes of NIV [33, 34]. A recent
study suggested that the use of an algorithm, including
a rapid reduction in HFNC flow based on a systematic
twice-daily assessment of respiratory distress, was a safe
and effective way to successfully wean patients [35].
Limitations

For practical reasons, the investigators were not blinded
to the administered flow rate. This unblinded design may
have affected their assessment of respiratory symptoms
and discomfort.
Another study limitation was the lack of comparison
with nCPAP, the gold-standard respiratory support in
this setting [12]. TRAMONTANE 2 found a lower failure rate with HFNC than the first TRAMONTANE
study [11]. Although some demographic differences
existed between the two studies, it is likely that clinicians
gained experience and are now more confident with this
relatively new device. This result potentially raises questions about the relevance of a new comparison between
the two techniques. The need of intubation and/or NIV
could be a more unambiguous endpoint in this regard.
The protocol was limited to 48 h, and offered the possibility of changing respiratory support in the presence
of failure. In this context, results on secondary endpoints
notably duration of ventilation, and length of PICU stay,
should be interpreted with caution.

Conclusion
This study found that of a flow rate of 3 L/kg/min was not
superior to 2 L/kg/min when HFNC was used for the primary management of moderate to severe AVB in young
infants. 2 L/kg/min was better tolerated by the patients
and should be favored for clinical practice.
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