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Heated, Humidified High-FlowNasal Cannula
vs Nasal Continuous Positive Airway Pressure
for Respiratory Distress Syndrome of Prematurity
A Randomized Clinical Noninferiority Trial
Anna Lavizzari, MD; Mariarosa Colnaghi, MD; Francesca Ciuffini, MD; Chiara Veneroni, PhD;
StefanoMusumeci; Ivan Cortinovis; Fabio Mosca, MD

IMPORTANCE Heated, humidified high-flow nasal cannula (HHHFNC) has gained increasing
popularity as respiratory support for newborn infants thanks to ease of use and improved
patient comfort. However, its role as primary therapy for respiratory distress syndrome (RDS)
of prematurity needs to be further elucidated by large, randomized clinical trials.

OBJECTIVE To determine whether HHHFNC provides respiratory support noninferior to nasal
continuous positive airway pressure (nCPAP) or bilevel nCPAP (BiPAP) as a primary approach
to RDS in infants older than 28weeks’ gestational age (GA).

DESIGN, SETTING, AND PARTICIPANTS An unblinded,monocentric, randomized clinical
noninferiority trial at a tertiary neonatal intensive care unit. Inborn infants at 29 weeks 0 days
to 36 weeks 6 days of GAwere eligible if presenting with mild to moderate RDS requiring
noninvasive respiratory support. Criteria for starting noninvasive respiratory support were a
Silverman score of 5 or higher or a fraction of inspired oxygen higher than 0.3 for a target
saturation of peripheral oxygen of 88% to 93%. Infants were ineligible if they hadmajor
congenital anomalies or severe RDS requiring early intubation. Infants were enrolled between
January 5, 2012, and June 28, 2014.

INTERVENTIONS Randomization to either HHHFNC at 4 to 6 L/min or nCPAP/BiPAP
at 4 to 6 cmH2O.

MAIN OUTCOMES ANDMEASURES Need formechanical ventilation within 72 hours from the
beginning of respiratory support. The absolute risk difference in the primary outcome and its
95% confidence interval were calculated to determine noninferiority (noninferiority margin,
10%). An intention-to-treat analysis was performed.

RESULTS A total of 316 infants were enrolled in the study: 158 in the HHHFNC group (mean
[SD] GA, 33.1 [1.9] weeks; 52.5% female) and 158 in the nCPAP/BiPAP group (mean [SD] GA,
33.0 [2.1] weeks; 47.5% female). The use of HHHFNCwas noninferior to nCPAPwith regard to
the primary outcome: failure occurred in 10.8% vs 9.5% of infants, respectively (95% CI of
risk difference, −6.0% to 8.6% [within the noninferiority margin]; P = .71). Significant
between-group differences in secondary outcomes were not found between the HHHFNC
and nCPAP/BiPAP groups, including duration of respiratory support (median [interquartile
range], 4.0 [2.0 to 6.0] vs 4.0 [2.0 to 7.0] days; 95% CI of difference in medians, −1.0 to 0.5;
P = .45), need for surfactant (44.3% vs 46.2%; 95% CI of risk difference, −9.8 to 13.5;
P = .73), air leaks (1.9% vs 2.5%; 95% CI of risk difference, −3.3 to 4.5; P = .70), and
bronchopulmonary dysplasia (4.4% vs 5.1%; 95% CI of risk difference, −3.9 to 7.2; P = .79).

CONCLUSIONS AND RELEVANCE In this study, HHHFNC showed efficacy and safety similar to
those of nCPAP/BiPAP when applied as a primary approach tomild to moderate RDS in
preterm infants older than 28weeks’ GA.
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Owing to its potential of reducing lung injury associ-
ated with mechanical ventilation, the use of nonin-
vasive respiratory support, particularlynasal continu-

ous positive airway pressure (nCPAP), has become a common
strategy forearly respiratorymanagementofpreterminfants.1,2

In recent years, heated, humidified high-flow nasal cannula
(HHHFNC)has increased inpopularity inhigh-resource coun-
tries as an alternative form of noninvasive respiratory sup-
port fornewborn infants.3-5 In contrast tonCPAP, forwhich the
rationale is essentially based on the provision of a continu-
ousdistendingpressure,multiplemechanismshavebeensug-
gested toexplainHHHFNCfunctioning, suchaswashoutof the
nasopharyngealdeadspace,optimalgasconditioning,andpro-
vision of a variable distending pressure.6-9 The HHHFNC ap-
proach has been applied in the neonatal intensive care unit
(NICU) inavarietyofclinical situations:weaning fromnCPAP,10

preventingapneaofprematurity,11 followingextubation,3,4,12-14

and as primary therapy for respiratory distress syndrome
(RDS).15ComparedwithnCPAP,HHHFNCoffers ease of use,16

reduced risk of nasal injuries,17 better infant tolerance with
improved feeding, and bonding.18,19

Despite its increasingpopularity, only a few large random-
ized clinical trials (RCTs) have been conducted to assess the
efficacyandsafetyofHHHFNCinnewborn infants.15,20,21They
mostly were performed to evaluate the use of HHHFNC
following extubation in infants younger than 32 weeks’ ges-
tational age (GA).15,20,21 Two studies investigated the role of
HHHFNC as initial treatment for RDS. Yoder et al15 compared
HHHFNC vs nCPAP either following extubation or as a pri-
mary approach to RDS in infants born between 28 and
42 weeks’ GA. Kugelman et al22 designed a pilot study of
HHHFNC as a primary approach to RDS in infants born earlier
than 35 weeks’ GA and having a birth weight greater than
1000 g, with a limited number of patients enrolled.

AsnCPAPiscurrentlyconsideredthegoldstandardforearly
respiratorymanagement2,23andconsidering thebenefits asso-
ciatedwithHHHFNC comparedwith nCPAP,16-19 the objective
of our studywas to evaluatewhetherHHHFNCprovides respi-
ratory support noninferior to nCPAP or bilevel nCPAP (BiPAP)
whenappliedexclusivelyasaprimaryapproachtomild tomod-
erate RDS in preterm infants older than 28weeks’ GA.

Methods
Study Design and Patients
A prospective, monocentric, unblinded, randomized clinical
noninferiority trial was performed. The trial protocol can be
found in the Supplement. Infants were eligible for the study if
theymatchedthefollowing inclusioncriteria: (1)GAof29weeks
0 days (29+0 weeks) to 36weeks 6 days (36+6 weeks); (2) mild
to moderate RDS requiring noninvasive respiratory support,
characterized by a Silverman score of 5 or higher or a fraction
of inspired oxygen (FIO2) greater than 0.3 for target saturation
of peripheral oxygen (SpO2) 88% to 93%; and (3) parental con-
sent obtained. Patients were ineligible if they presented with
the following: (1) severeRDS requiringearly intubationaccord-
ing to the American Academy of Pediatrics guidelines for neo-

natal resuscitation24; (2)majorcongenital anomalies thatmight
affect respiratoryoutcomes;or (3) severe intraventricularhem-
orrhage. The ethical committee of the Fondazione IRCCS Cà
Granda, Ospedale Maggiore Policlinico, Università degli Studi
di Milano approved the study. Parents provided written
informed consent before patient enrollment.

Randomization
Block randomization was applied, with a block size of 4.
Infants were stratified according to GA: 29+0 to 32+6 weeks,
33+0 to 34+6weeks, and 35+0 to 36+6weeks. Infants born from
multiple gestations were assigned by individual randomiza-
tion. A sequentially numbered, sealed, opaque envelope of
the appropriateGA stratumwas opened by clinicians if all the
criteria for enrollment were matched.

Study Intervention
All the infants enrolled had chest radiography performed
before starting respiratory support. The infants assigned to
HHHFNC were supported by Vapotherm–Precision Flow.
Nasal cannula sizewaschosen, according tomanufacturer sug-
gestions, so that the prongs occupied approximately 50% of
the nares. The HHHFNC flow was started at 4 to 6 L/min and
increased to a maximum of 6 L/min if the FIO2 was increased
greater than 0.1 of the starting value or for intensification of
respiratory distress as assessed by Silverman score.

NasalCPAPwasprovidedbySiPAP(ViasysHealthcare).The
startingpressurewas set at4 to6 cmH2Oand thepressurewas
increased up to 6 cm H2O according to the same criteria for
altering HHHFNC flow. Moreover, in the nCPAP group, in-
fants were shifted to BiPAP in the case of more than 4 epi-
sodes of apnea per hour or more than 2 episodes per hour re-
quiringpositivepressureventilationor if deemedbyclinicians
becauseof increasedworkofbreathing.TheBiPAPwassetwith
a starting rate of 30 breaths/min, inspiratory time of 0.7 to
1 second, and a mean airway pressure of 6 to 8 cm H2O.

Surfactant (Curosurf; 200mg/kg)was administered in the
case of increased FIO2 greater than0.35 to a target SpO2 of86%
to 93%, by the INSURE (intubation, surfactant, extubation)
technique.25,26

Criteria for intubationandmechanicalventilationwere the
following: (1) persistent FIO2 greater than0.40 to a target SpO2

Key Points
Question Does heated, humidified high-flow nasal cannula
provide respiratory support noninferior to nasal continuous
positive airway pressure (nCPAP) or bilevel nCPAP (BiPAP) as a
primary approach tomild to moderate respiratory distress
syndrome in infants older than 28weeks’ gestational age?

Findings In this randomized clinical noninferiority trial of 316
infants, the use of heated, humidified high-flow nasal cannula was
noninferior to nCPAP/BiPAP with regard to the primary outcome:
failure, defined as need for mechanical ventilation within 72 hours,
occurred in 10.8% vs 9.5% of infants, respectively.

Meaning In this study, HHHFNC showed efficacy and safety
similar to those of nCPAP/BiPAP when applied in infants older than
28weeks’ gestational age.
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of 86% to 93% after surfactant administration; (2) severe ap-
nea (>4apneaepisodesperhouror>2apneaepisodesperhour
requiringpositivepressureventilation);and(3)persistentPaCO2

greater than 70mmHg and pH lower than 7.20 despite appli-
cation of noninvasive respiratory support. Extubation crite-
ria were the following: (1) FIO2 less than 0.30 to target SpO2;
(2) PaCO2 less than 65 mm Hg and pH higher than 7.25; and
(3) adequate spontaneous breathing drive.

Weaning was started by decreasing the HHHFNC flow by
1L/minornCPAPpressureby 1cmH2Oif infantspresentedwith
an FIO2 less than 0.30 to target SpO2 and minimal or no signs
of respiratory effort. The respiratory support was discontin-
ued according to the study protocol for flow of 2 L/min or less
or pressure of 2 cm H2O or less.

Primary and Secondary Outcomes
The primary noninferiority outcomewas the respiratory sup-
port failure determined by the need for mechanical ventila-
tion within 72 hours from the beginning of the study mode.
Secondaryoutcomeswereestablishedapriori.Respiratoryout-
comes included days receiving respiratory support, days re-
ceiving noninvasive respiratory support, and days receiving
supplemental oxygen;days receivingcaffeine treatment;need
for surfactant; rate of air leaks; and rate of bronchopulmo-
nary dysplasia (BPD).27 Other secondary outcomes were rate
of sepsis (confirmedbypositive results onblood culture), nec-
rotizing enterocolitis, patent ductus arteriosus, intraventricu-
lar hemorrhage, retinopathy of prematurity, death, and the
combined outcome including all the previous outcomes plus
rates of air leaks and BPD. Secondary outcomes also included
the number of days when full enteral feeding was achieved
(≥120 mL/kg per day), body weight at discharge, exclusive
breastfeeding at discharge, and lengthofhospitalization.Data
were collected until discharge to home.

Statistical Analysis
According to a retrospective analysis for the 2-year period of
2009 through 2010, the risk of failurewhile receivingnCPAP/
BiPAP in our center for infants older than 28 weeks’ GA was
15%. The sample size was computed considering a noninferi-
ority margin for HHHFNC of 10% above the failure rate of
nCPAP/BiPAP,P = .05, andapowerof80%.Wedeterminedthat
316patientswere requiredtoassessnoninferiority forHHHFNC
witha 1-tailed95%confidence interval (equivalent toa2-tailed
90%confidence interval). The95%confidence interval of the
risk difference or difference in medians (Hodges-Lehmann
mediandifference)28wascalculated for all theoutcomesusing
SAS/STAT version 9.2 statistical software (SAS Institute, Inc).
Dichotomous outcomes were compared by χ2 tests. Continu-
ousoutcomeswerecomparedbyusingWilcoxon2-sample test.

A posteriori, a logistic model was applied to detect fac-
tors possibly affecting the probability of failure. The covari-
ates included in the logistic model were respiratory support
modes, GA strata, sex, birth weight less than 1500 g, high-
risk pregnancy (including clinically diagnosed chorioamnio-
nitis, ruptureofmembranes>18hours, preeclampsia, andpla-
cental abruption), antenatal steroids, andmultiple gestations.

Results
A total of 316 infants were enrolled between January 5, 2012,
and June 28, 2014: 158 in the HHHFNC group (mean [SD] GA,
33.1 [1.9] weeks; 52.5% female) and 158 in the nCPAP/BiPAP
group (mean [SD] GA, 33.0 [2.1] weeks; 47.5% female). Data
analysiswasperformedonan intention-to-treatbasis.Seven in-
fants in theHHHFNCgroupand2 in thenCPAP/BiPAPgroupdid
not receive or had adiscontinuationof the allocated treatment
becauseofunavailabilityof thestudydevicesorcircuitsorbeing

Figure 1. The CONSORT FlowDiagram

392 Patients assessed for eligibility

76 Excluded
63 Did not meet inclusion criteria
5 Refused to participate
8 Other reasons (HHHFNC devices or circuits

not available)

158 Allocated to receive nCPAP
158 Received allocated intervention

0 Did not receive allocated intervention

158 Allocated to receive HHHFNC
153 Received allocated intervention

5 Did not receive allocated intervention
3 No availability of study device or circuits
2 Received nCPAP after randomization

2 Discontinued intervention (shifted to HHHFNC
by clinicians)

2 Discontinued intervention (shifted to nCPAP
by clinicians)

158 Analyzed 158 Analyzed

316 Randomized

HHHFNC indicates heated,
humidified high-flow nasal cannula;
nCPAP, nasal continuous positive
airway pressure.
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shifted to the other supportmode after correct randomization
(Figure 1). There was only 1 death, in the nCPAP/BiPAP group,
due to late-onset sepsis by Streptococcus agalactiae. Therewas
no parental consent withdrawal throughout the study. Out-
comeswere available for all the patients until discharge home.

The 2 groups were homogeneous for baseline character-
istics at randomization (Table 1). ByGAstrata, 144 infantswere
enrolled in the stratum of 29+0 to 32+6 weeks’ GA, 106 in the
stratum of 33+0 to 34+6 weeks’ GA, and 66 in the stratum of
35+0 to 36+6 weeks’ GA.

TheuseofHHHFNCwasnoninferior tonCPAP/BiPAPwith
regard to the primary outcome. Failure of the noninvasive re-
spiratory support within 72 hours from the beginning of the
study occurred in 17 of the 158 infants in the HHHFNC group
(10.8%) and 15 of the 158 infants in the nCPAP/BiPAP group
(9.5%) (95% CI of risk difference, −6.0% to 8.6%; P = .71)
(Table2).Theupper95%confidence limit (8.6%)wasbelowthe
noninferiority margin of 10%, and the lower 95% confidence
limit (−6.0%)wasbelow0%(Figure2).TheuseofHHHFNCwas
alsononinferior tonCPAP/BiPAPwhenapplyingaper-protocol
analysis (Figure2).Therewerenosignificantdifferences in fail-
ure ratesbetween the2modes inanyof theGAstrata (Table2).
The application of a logisticmodel also confirmedno associa-
tionbetween respiratory supportmodeand failureorwithany
other covariates (GAstrata, sex,birthweight<1500g,high-risk
pregnancy, antenatal steroids, andmultiple gestations).

Themedian postnatal age at the start of mechanical ven-
tilation for infants in the HHHFNC group with failure was 27
hours (interquartile range [IQR], 8.0-36.0 hours) vs 7 hours
(IQR,3.0-19.0hours) for the infants in thenCPAP/BiPAPgroup
with failure (95% CI of difference in medians, −24.5 to 0.0;
P = .06) (Table 2), as 3 infants in the HHHFNC groupwere in-
tubated when they presented with clinical signs of volvulus.
After surgery,mechanical ventilationwasdiscontinuedwhen
the extubation criteriawerematched.Themediandurationof
mechanical ventilationwas similar between theHHHFNCand
nCPAP/BiPAP groups (median [IQR], 3.2 [1.2-5.0] vs 3.0 [1.2-
6.0] days, respectively;95%CIof difference inmedians,−1.25
to 2.25; P = .72) (Table 2).

Therewerenosignificantdifferencesbetweenthe2groups
for any of the secondary respiratory outcomes (Table 3). Ac-
cording to the study protocol, 84 infants in the nCPAP group
(53.2%)were treated at some pointwith BiPAP. TheHHHFNC
and nCPAP/BiPAP groups were similar in overall duration of
respiratory support (median [IQR],4.0 [2.0 to6.0] vs4.0 [2.0
to 7.0] days; 95% CI of difference in medians, −1.0 to 0.5;
P = .45),daysofnoninvasiverespiratorysupport (median[IQR],
3.5 [2.0 to 6.0] vs 3.5 [2.0 to 7.0] days; 95%CI of difference in
medians, −1.0 to 0.5; P = .48), days of oxygen supplementa-
tion (median [IQR],0.0 [0.0 to 1.0] vs0.0 [0.0 to0.8]; 95%CI
of difference inmedians,0.0 to0.0; P = .43), need for surfac-
tant (44.3% vs 46.2%; 95% CI of risk difference, −9.8 to 13.5;
P = .73), anddurationof caffeine treatment (median [IQR], 12.0
[6.0 to 22.0] vs 15.0 [7.0 to 24.0] days; 95%CI of difference in

Table 1. Baseline Characteristics of the Study Populationa

Characteristic
HHHFNC
(n = 158)

nCPAP/BiPAP
(n = 158)

Gestational age, wk

Mean (SD) 33.1 (1.9) 33.0 (2.1)

No. (%)b

29+0 to 32+6 71 (44.9) 73 (46.2)

33+0 to 34+6 53 (33.5) 53 (33.5)

35+0 to 36+6 34 (21.5) 32 (20.2)

Birth weight

Mean (SD), g 1968 (581) 1908 (528)

<1500 g, No. (%) 43 (27.2) 50 (31.6)

Small for gestational age, No. (%) 12 (7.5) 15 (9.4)

Female, No. (%) 83 (52.5) 75 (47.5)

Multiple birth, No. (%) 76 (48.1) 90 (57.0)

Antenatal steroids, No. (%) 105 (66.5) 109 (69.0)

High-risk pregnancy, No. (%)c 50 (31.6) 44 (27.8)

Cesarean delivery, No. (%) 141 (89.2) 147 (93.0)

Neonatal resuscitation, No. (%) 89 (56.3) 99 (62.7)

Apgar score at 5 min, median (IQR) 9 (8-9) 9 (8-9)

pH before enrollment, mean (SD)d 7.21 (0.06) 7.21 (0.07)

PCO2 before enrollment,
mean (SD), mm Hgd

58.1 (10.9) 59.0 (11.1)

FIO2 before enrollment,
median (IQR)

0.25
(0.21-0.30)

0.23
(0.21-0.30)

Silverman score before enrollment,
median (IQR)

6 (5-6) 5.5 (5-6)

Abbreviations: BiPAP, bilevel nasal continuous positive airway pressure;
FIO2, fraction of inspired oxygen; HHHFNC, heated, humidified high-flow nasal
cannula; IQR, interquartile range; nCPAP, nasal continuous positive airway
pressure; PCO2, partial pressure of carbon dioxide.
a P > .05 for all the comparisons.
bGestational age is presented as weeks+days.
c Includes clinically diagnosed chorioamnionitis, prolonged premature rupture
of membranes greater than 18 hours, preeclampsia, and placental abruption.

dBlood gas result from capillary or venous blood sample.

Table 2. Primary Outcome Results

Outcome
HHHFNC
(n = 158)

nCPAP/BiPAP
(n = 158)

95% CI of Risk
Difference or
Difference
in Medians P Valuea

Mechanical ventilation within 72 h, No. (%) 17 (10.8) 15 (9.5) −6.0 to 8.6 .71

Gestational ageb

29+0 to 32+6 10 (14.1) 8 (10.9) .70

33+0 to 34+6 2 (3.8) 4 (7.5) .67

35+0 to 36+6 5 (14.7) 3 (9.4) .76

Age at start of mechanical ventilation,
median (IQR), h

27.0 (8.0-36.0) 7.0 (3.0-19.0) −24.5 to 0.0 .06

Duration of mechanical ventilation,
median (IQR), d

3.2 (1.2 to 5.0) 3.0 (1.2 to 6.0) −1.25 to 2.25 .72

Abbreviations: BiPAP, bilevel nasal
continuous positive airway pressure;
HHHFNC, heated, humidified
high-flow nasal cannula;
IQR, interquartile range; nCPAP, nasal
continuous positive airway pressure.
a Dichotomous outcomes were
compared by χ2 test; continuous
outcomes were compared by
Wilcoxon 2-sample test.

bGestational age is presented as
weeks+days.
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medians,−1.0 to4.0;P = .25). Interestingly, the rateof air leaks
was similarly low for bothmodes (1.9%vs2.5%;95%CIof risk
difference, −3.3 to 4.5; P = .70). Finally, we did not find a sig-
nificant between-groupdifference in the rate of BPD (4.4%vs
5.1%; 95%CI of risk difference, −3.9 to 7.2; P = .79) (Table 3).

Any acute adverse events besides air leaks and long-term
complicationsofprematuritywerestrictlymonitoredafterstudy
entry. The 2 groups did not show significant difference for any
of them(Table3).One infant in thenCPAP/BiPAPgroupdiedof
septic shockbySagalactiae. Theoverall rateof sepsiswas simi-
larbetweenthe2groups.Thecombinedoutcomeof“anyadverse
event”was not significantly different between the 2 groups.

Finally, no statistically significant differenceswere found
in duration of hospitalization, full enteral feeding, weight, or
exclusive breastfeeding at discharge (Table 3).

Theapplicationof the logisticmodel to the secondaryout-
comes did not show significant association with either of the
2 study modes.

Discussion
Themain finding of the studywas thatHHHFNCshowed simi-
larefficacyasstandardnCPAPorBiPAPwhenappliedas thepri-
mary approach tomild tomoderateRDS inpreterm infants be-
tween29+0and36+6weeks’GAinrespecttotheprimaryoutcome
of theneed formechanicalventilationwithin72hours fromthe
beginningof respiratorysupport.Also,nodifferencewas found

Figure 2. Possible Scenarios of Results for a Noninferiority Trial
and Results of This Study

Possible scenarios of observed differences for outcomes in noninferiority trials
according to Piaggio et al29

A

Superior

New treatment better New treatment worse

Noninferior

Inconclusive

Inferior

0 NIM
Treatment Difference for Outcome

Results of this study for primary outcome, HHHFNC vs nCPAP/BiPAPB

Intention-to-treat analysis

Per-protocol analysis

0
Treatment Difference for Outcome

NIM

A, Possible scenarios of results for a noninferiority trial according to Piaggio
et al.29 B, Results of this study concerning the primary outcome according to
both intention-to-treat analysis and per-protocol analysis. BiPAP indicates
bilevel nasal continuous positive airway pressure; nCPAP, nasal continuous
positive airway pressure; NIM, noninferiority margin; and error bars, 95%
confidence interval of the risk difference.

Table 3. Secondary Outcome Results

Outcome
HHHFNC
(n = 158)

nCPAP/BiPAP
(n = 158)

95% CI
of Difference
in Medians or
Risk Difference P Valuea

Duration received,
median (IQR), d

Respiratory support 4.0 (2.0 to 6.0) 4.0 (2.0 to 7.0) −1.0 to 0.5 .45

Noninvasive respiratory
support

3.5 (2.0 to 6.0) 3.5 (2.0 to 7.0) −1.0 to 0.5 .48

Oxygen supplementation 0.0 (0.0 to 1.0) 0.0 (0.0 to 0.8) 0.0 to 0.0 .43

Caffeine treatment 12.0 (6.0 to 22.0) 15.0 (7.0 to 24.0) −1.0 to 4.0 .25

Surfactant, No. (%)

Administration 70 (44.3) 73 (46.2) −9.8 to 13.5 .73

Multiple doses 7 (4.4) 8 (5.1) −4.6 to 6.0 .85

Adverse event, No. (%)

Air leaks 3 (1.9) 4 (2.5) −3.3 to 4.5 .70

BPD 7 (4.4) 8 (5.1) −3.9 to 7.2 .79

Confirmed sepsis 10 (6.3) 13 (8.2) −4.4 to 8.2 .51

Confirmed NEC 1 (0.6) 2 (1.3) −2.1 to 3.5 .56

IVH 6 (3.8) 4 (2.5) −3.2 to 5.8 .52

PDA 8 (5.1) 9 (5.7) −5.0 to 6.2 .80

ROP 1 (0.6) 0 −1.2 to 2.4 .32

Death 0 1 (0.6) −1.2 to 2.4 .32

Anyb 28 (17.7) 28 (17.7) −9.0 to 9.0 >.99

Full enteral feeding,
median (IQR), d

9.0 (6.0 to 15.0) 10.0 (6.0 to 16.0) −1.0 to 1.0 .53

Exclusive breastfeeding
at discharge, No. (%)

49 (31.0) 43 (27.2) −6.3 to 12.8 .46

Hospitalization, median (IQR), d 20.0 (11.0 to 35.0) 23.0 (12.0 to 36.0) −4.0 to 2.0 .41

Weight at discharge,
median (IQR), g

2250 (2030 to 2485) 2287 (2065 to 2535) −100.0 to 50.0 .47

Abbreviations: BiPAP, bilevel nasal
continuous positive airway pressure;
BPD, bronchopulmonary dysplasia;
HHHFNC, heated, humidified
high-flow nasal cannula;
IQR, interquartile range;
IVH, intraventricular hemorrhage;
nCPAP, noninferior to CPAP;
NEC, necrotizing enterocolitis;
PDA, patent ductus arteriosus;
ROP, retinopathy of prematurity.
a Dichotomous outcomes were
compared by χ2 test; continuous
outcomes were compared by
Wilcoxon 2-sample test.

b Includes confirmed sepsis,
confirmed NEC, IVH, PDA, ROP,
BPD, air leaks, and death.
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in respiratory support failure in any GA stratum. Additionally,
therewasnodifferencebetween thegroups inanyof the respi-
ratory and extrarespiratory secondary outcomes explored.

Toour knowledge, this studywas the first largeRCT com-
paring HHHFNCwith nCPAP/BiPAP in preterm infants exclu-
sively as primary therapy for RDS. Previous large RCTs by
Collins et al20 and Manley et al21 showed similar efficacy be-
tween HHHFNC and nCPAP after extubation in preterm in-
fants younger than 32 weeks’ GA. However, the findings of
these studies couldnotbe translated to theacutephaseofRDS,
when lungderecruitmentandthe trendtoalveolar collapsestill
play an important role in the pathogenesis of respiratory fail-
ure. Yoder et al15 conducted a large RCT on HHHFNC vs
nCPAP in infants between 28 and 42weeks’ GA, either as pri-
mary therapy or following extubation. Despite the high num-
ber of infants enrolled, the heterogeneity in stages of respira-
tory failure and treatment (before andafter extubation) of the
study population may have limited the interpretation of the
results. Kugelman et al22 published a pilot study onHHHFNC
vs nasal intermittent positive pressure ventilation as primary
treatment of RDS. They observed no difference between the
2modes; however, the studywasunderpowered to assess the
primaryoutcome.Despite thediffering studydesign, in agree-
mentwith the previous RCTs,we found that HHHFNChas ef-
ficacy and safety similar to those of nCPAP/BiPAP when ap-
pliedexclusivelyasprimary treatment tomild tomoderateRDS
in preterm infants older than 28weeks’ GA.

Themedian age at the start of mechanical ventilation for
infants in the HHHFNC group with failure was older than for
infants in the nCPAP/BiPAP group with failure, although the
difference was not statistically significant (P = .06) (Table 2).
This resultwas due to 3 infants having been intubated follow-
ing the studyprotocolwhen theypresentedwith clinical signs
ofvolvulus.Theywerenotexcludedbecause theyalso showed
pulmonarydiseaseof varyingdegrees, as assessedbychest ra-
diography, need for surfactant, and duration of oxygen and
pressure support required.

Concerns about the generation of inadvertently elevated
pressuremight have previously limited the use of HHHFNC in
the NICU.30 The pressure generated by HHHFNC depends on
multiple factors, including the flow rate, the amount of leak
around the cannula, and infant weight.7 The pressure gener-
ated in HHHFNC has been measured in many studies, reveal-
inghighlyheterogeneousdata.7,8,11,31,32Differencesmightbedue
to varyingmethods ofmeasurement, but theymay also reflect
important intrapatient, interpatient, and within-center vari-
ability. The pressure generated inHHHFNCwas notmeasured
during this study, but we can presume from previous
research7,9,31 that both nCPAP and BiPAP at the settings ap-
plied in the study should have provided, on average, a higher
distending pressure than HHHFNC up to 6 L/min. Nonethe-
less, because of the concerns about safety related to the gener-
ated pressure, when the study was conceived, there was a de-
cision to limit the flowrate inHHHFNCto6L/min.Despite this
limitationinmaximumallowableflowrate, the2groupsshowed
similar results. In agreement with previous studies,15,20-22 we
found a similarly low rate of air leaks. According to our results,
the pressure generated in HHHFNC up to 6 L/min seems to be

safeandtonotaffect theefficacyof therespiratorysupportcom-
pared with nCPAP/BiPAP at the settings applied in the study.

Among the secondaryoutcomes, nodifferencewas found
in the rate of BPD.However, the following shouldbe acknowl-
edged: (1) the actual definition of the disease itself might
present some limitations in describing the complexity of BPD
physiopathology and phenotypes; (2) the age of the study
population is not themost susceptible todevelopingBPD; and
(3) the study was not specifically designed to assess this out-
come. In contrastwith the study byYoder et al,15we foundno
difference in the duration of the respiratory support between
the2modes.Because there is stillnoconsensusonhowtowean
fromHHHFNC, this outcomemight have been affectedmore
thanothers by local practice andavailability of devices. Long-
term follow-up of lung function and respiratory morbidities
would probably add more useful information on the
compared long-term effects of the 2 respiratory modes.

Finally, someauthors reportedsporadic casesof infections
causingconcernsabout theuseofHHHFNC in theNICU.33,34 In
agreementwiththeprevious largeRCTsonHHHFNC,wedidnot
observeanydifference intherateofsepsiswhencomparedwith
nCPAP/BiPAP.Additionally,nodifferenceswere found in terms
of incidence of prematurity-associated complications or their
combinedoutcome, suggestingcomparable safetybetweenthe
studymodes for these age groups.

This study had some limitations. It was a monocentric
rather than multicentric RCT. For obvious reasons, the study
groups could not be blinded.

The study was conducted in an nCPAP-oriented NICU,
meaning that the caregivers were more comfortable with the
nCPAP/BiPAP technique thanwithHHHFNC.When the study
was started, HHHFNC had been used for only a few months
in our unit, having had, by contrast, a long experience with
nCPAP/BiPAP management. This might explain the higher
numberof drop-offs in theHHHFNCgroup.However, thevast
majority of drop-offs occurred in the first months of enroll-
ment, suggesting that the lack of experience and confidence
with the novel technique might have played a role.

Unlike some previous studies,12,13 we did not use a spe-
cific scale to evaluatenasal trauma.Regardless, the rate of na-
sal injury associatedwith nCPAP/BiPAP in our NICU has been
extremely low in the last fewyears andnomacroscopic trauma
was detected in either group throughout the study.

Finally, Klingenberg et al19 found no difference in patient
comfort using HHHFNC vs nCPAP, even if parents preferred
HHHFNC.Wedidnot systematicallymeasure thedegreeofpa-
tient comfort, butwedidnot find any indirect benefit of using
HHHFNC on duration of hospitalization, time to reach full
enteral feeding, or exclusive breastfeeding at discharge.

Conclusions
TheuseofHHHFNCshowedefficacyandsafetysimilar to those
of standard nCPAP or BiPAP when applied exclusively as the
primaryapproachtomildtomoderateRDSinpreterminfantsbe-
tween 29+0 and 36+6 weeks’ GA. Randomized clinical trials
shouldbeconductedtoverifyour findingsconcerningtheuseof
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HHHFNC inpreterm infantswithRDS inawider context. In ad-
dition, further studies are needed to investigate the role of
HHHFNCinmanagingRDSininfantswithyoungerGAandlower

weight. Because a consensus onhow to administerHHHFNC is
missing,futureresearchshouldaddresshowtooptimizethistech-
nique inpreterminfants indiversepathophysiologicalcontexts.
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