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Abstract
Objectives To compare extubation failure rate between the
heated humidified high-flow nasal cannula (HHHFNC) and
continuous positive airway pressure (CPAP) groups.
Methods Intubated infants with gestational age (GA) <32 wk,
who were ready to extubate, were randomized to receive respi-
ratory support with either CPAP or HHHFNC after extubation.
In CPAP group, nasal mask CPAP with preset pressure and
fraction of inspired oxygen (FiO2) equal to positive end-
expiratory pressure (PEEP) and FiO2 of ventilator before
extubation was applied. In the HHHFNC group, predefined flow
rate according to the protocol was applied. Primary outcomewas
extubation failure within 72 h after endotracheal tube removal.
Results Forty-nine infants were enrolled; 24 in the HHHFNC
and 25 in the CPAP group. Baseline demographic and respi-
ratory conditions before extubation were similar. There was
no difference in infants who met failed extubation criteria
between the two groups [8 (33%) in HHHFNC vs. 6 (24%)
in CPAP group (p = 0.47)]. However, 6 infants (75%) in
HHHFNC and 4 infants (66%) in CPAP group who met failed
extubation criteria could be rescued by bilevel CPAP.
Therefore, the reintubation rate was comparable [2 infants
(8.3%) in HHHFNC vs. 2 infants (8%) in CPAP group].
Morbidities or related complications were not different but
infants in the HHHFNC group had significantly less nasal
trauma (16.7% vs. 44%; p = 0.03).

Conclusions In the index study, the extubation failure rate
was not statistically different between infants who were on
HHHFNC or CPAP support.

Keywords Continuous positive airway pressure . Extubation
failure . High-flow nasal cannula . Preterm

Introduction

In the past, endotracheal intubation was the main respiratory
support in preterm infants, but prolonged intubation can in-
crease risks of infection, lung injury, and chronic lung disease.
Therefore, the strategy has been shifted to initiate non-
invasive respiratory support as soon as possible to minimize
duration of mechanical ventilator.

Nasal continuous positive airway pressure (nasal CPAP) has
been widely used as a non-invasive respiratory support for
preterm infants [1]. It is not only used as a primary respiratory
support but also used after extubation to prevent alveolar col-
lapse. However, it also has some drawbacks such as nasal
trauma, head deformity, gaseous bowel distension and the dif-
ficulty to maintain the device on infant’s face at all time to
obtain the constant pressure [2]. Heated humidified high-flow
nasal cannula (HHHFNC) therapy in preterm infants means the
delivery of heated, humidified and blended oxygen or air flow
at a flow rate of >1 L/min [3]. HHHFNC is now increasingly
used as a CPAP substitute in many situations [4, 5]. The ad-
vantages of HHHFNC are its ease in usage, more comfortable
for infants and less nasal trauma [6].

HHHFNC has been used as a respiratory support for vari-
ous purposes including apnea of prematurity [7], primary re-
spiratory support in respiratory distress syndrome (RDS) [8],
CPAP weaning [9, 10] and post extubation. Previous studies
found that HHHFNC is subordinate to CPAP in the aspect of
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increasing rate of reintubation and oxygen requirement [11].
However, recent randomized controlled studies illustrated the
safety and efficacy of HHHFNC for prevention of extubation
failure [12–14]. Even though these trials used different
extubation protocols, all concluded that HHHFNC is as effec-
tive as or non-inferior to CPAP. Nonetheless, the latest sys-
tematic review states that the safety and efficacy of HHHFNC
still needs further study, especially in extremely preterm sub-
group [15]. Since there is contradictory evidence and different
HHHFNC protocols after extubation, the authors, therefore,
conducted a study to compare the efficacy between HHHFNC
and CPAP for prevention of extubation failure.

Material and Methods

A randomized controlled study was conducted between
December 2012 and Febuary 2014, at the Neonatal Intensive
Care Unit, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand. Intubated preterm in-
fants, gestational age (GA) of <32 wk or birth weight (BW) of
<1500 g, who were ready to extubate were eligible. Infants
were considered to be ready for extubation when the settings
of ventilator were at peak inspiratory pressure (PIP) of ≤15 cm
H2O, positive end-expiratory pressure (PEEP) of ≤6 cm H2O,
fraction of inspired oxygen (FiO2) of ≤0.3 and intermittent
mandatory rate of ≤20/min, and had an acceptable blood gas
(pH ≥7.25, pCO2 ≤ 55) and hematocrit (Hct) of >30%. Before
extubation, a loading dose of 8 mg/kg/dose aminophylline was
given with a maintenance dose of 1.5 mg/kg/dose every 8–
12 h. Exclusion criteria included infant’s body weight < 700 g
at the time of enrollment, major congenital heart diseases, air-
way anomalies, lung hypoplasia, and neuromuscular disorders.
The study was approved by the Institutional Review Board,
and informed consent from parents or guardians was obtained
before randomization. Enrolled infants were randomly
assigned to receive HHHFNC or CPAP after extubation under
block-of-four randomization stratified by GA (<28 wk, 28 to
30 wk and >30 wk). Concealed, opaque envelopes with the
computer generated sequence number were opened by re-
search nurses immediately before extubation.

As per protocol, infants in the HHHFNC group were on
binasal cannula (BC2425 model, Fisher and Paykel
Healthcare, Auckland, New Zealand), 2.4 mm in outer diam-
eter, occupying approximately half of the nares diameter. A
flow rate of 4 L/min for infants’ weight < 1000 g or 6 L/min
for infants’ weight ≥ 1000 g was applied to obtain an estimat-
ed intrapharyngeal pressure of 5–6 cm H2O as mentioned in a
previous study [16]. The authors also used humidifier (MR
850, Fisher and Paykel Healthcare) with an invasive mode to
obtain optimal humidity [37 °C, 100% relative humidity (RH)
and absolute humidity (AH) of 44 mg/L] as per the manufac-
turer’s recommendation. Meanwhile infants in the CPAP

group were on variable flow CPAP generator (Fabian,
Acutronic, Hirzel, Switzerland) via nasal mask. The CPAP
pressure was set similar to the pressure of PEEP of ventilator
setting, with the same FiO2 as before enrollment. The study
protocol is shown in Fig. 1.

The primary outcome was the rate of extubation failure
within 72 h after endotracheal tube removal [17]. Criteria for
extubation failure was defined as one of the five following: (1)
increased work of breathing defined as having any sign of
increase in respiratory rate by >25%, accessory respiratory
muscle usage, grunting or chest wall retractions, (2) apnea, a
cessation of breathing for at least 20 s, or shorter with brady-
cardia that occurred >3 times within 1 h during 6 h observa-
tion, (3) apnea requiring positive pressure ventilation, (4) FiO2

requirement >0.6 to keep SpO2 88–93%, (5) worsening blood
gas, pH <7.25 or pCO2 > 65 mmHg.

If infants in the HHHFNC group met extubation failure
criteria, they were rescued by CPAP 6 cm H2O with similar
FiO2. Changes of support in both groups to non-synchronized
nasal intermittent positive pressure ventilation (NIPPV) or bi-
level CPAP or immediate intubation depended on the physi-
cian’s discretion. After 72 h of study period, the pressure or
flow rate was weaned as per the weaning protocol [18].

Secondary outcomes were related morbidities including
moderate to severe bronchopulmonary dysplasia (BPD), intra-
ventricular hemorrhage (IVH) grade ≥ 3, patent ductus
arteriosus (PDA) requiring medical or surgical closure, surgi-
cal necrotizing enterocolitis (NEC), retinopathy of prematuri-
ty (ROP) and pneumothorax. Severity of BPD was defined
according to the National Institute of Child Health and
Human Development Neonatal Network Criteria [19].
Cranial ultrasound screening for IVH was done in all infants
and the severity of IVH was classified according to Papile’s
classification [20]. Nasal trauma, defined as any sign of skin
redness or skin breakdown related to interface application,
was assessed and recorded by the primary care nurses and
approved by the research nurse.

Chi-square test and Fischer exact test were used to compare
categorical variables, while Mann-Whitney U test was used to
compare continuous variables.

Sample size was calculated based on the previous studies by
Campbell et al. [11] in which extubation failure rate in
HHHFNC and CPAP groups were 60% and 15%, respectively.
Estimated number of patients required to demonstrate a statis-
tically significant difference with 80% power, alpha of 0.05,
and two tailed test was 22 in each group. Considering a drop-
out rate of 10%, the number of 24 per group was required.

Results

Sixty-two preterm infants were intubated during the study
period. Thirteen infants were excluded. Therefore, 49 infants
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were enrolled; 24 in the HHHFNC and 25 in the CPAP group.
Baseline demographic and respiratory conditions before en-
rollment were similar between groups (Table 1).

There was no significant difference in extubation failure
between the two groups, (p 0.47). In HHHFNC group, 16
infants (67%) were successfully extubated. Eight infants
(33%) met failed extubation criteria, out of which six (75%)
were rescued by bilevel CAP, leaving two infants requiring
reintubation; reintubation rate was 8.3%. In CPAP group, 19
infants (76%) were successfully extubated. Six infants (24%)
met failed extubation criteria, out of which four (66%) were
rescued by bilevel CAP leaving two infants requiring
reintubation; reintubation rate was 8%. Ten infants [10 out
of 14, (71%)] who met failed extubation criteria had GA
<28 wk (six infants in HHHFNC and four infants in CPAP
group) and all needed reintubation. Among infants who met
failed extubation criteria, the main reason was an increase in
work of breathing; six infants (75%) in HHHFNC and three
infants (50%) in CPAP group. One infant in HHHFNC and
two infants in CPAP group required FiO2 higher than 0.6.
Finally, one infant in CPAP had frequent apnea and one infant
in HHHFNC had apnea requiring PPV.

Morbidities and other complications were not different be-
tween the two groups. The secondary outcomes, including
moderate to severe BPD (40% vs. 48%; p 0.73), NEC stage
≥II (8.3% vs. 8%; p 0.97), ROP stage ≥III (16% vs. 30%; p
0.83), PDA needed medical or surgical closure (54% vs. 72%;
p 0.34), IVH grade III-IV (8% vs. 4%; p 0.52), were not

different between HHHFNC and CPAP groups. However, in-
fants in the HHHFNC group had significantly less nasal trau-
ma (16.7% vs. 44%; p 0.03). No death before discharge or
pneumothorax after enrollment was observed.

Discussion

The index study showed that there was no significant differ-
ence in extubation failure and reintubation rate between
HHHFNC and CPAP groups. In the index study the extubation
failure rate is quite similar to the previous studies by Manley
et al. [12] (34.2% in HHHFNC and 25.8% in CPAP groups)
and Collins et al. [13] (22% in HHHFNC and 34% in CPAP
groups). However, reintubation rate in index study, approxi-
mately 8%, is lower than that of Manley’s study (17.8% in
HHHFNC and 25.2% in CPAP group) [12]. This result may
be due to the difference in the rescue protocols. The authors
found that 75% and 66% of infants who met failed extubation
criteria in HHHFNC and CPAP groups could be rescued by
bilevel CPAP. These may be explained by the enhancement of
lung recruitment and improvement of gas exchange from
opening some microatelectasis after extubation by bilevel
CPAP [21].

The main reason for extubation failure in index study was
an increase in work of breathing, while frequent apnea was the
main reason in other studies [12, 13]. This is probably due to
the difference in predefined criteria for extubation failure. In

Intubated preterm infants GA ≤ 32 wk or BW < 1500 g with
Ventilator setting: PIP ≤15 cmH2O, PEEP ≤ 6 cmH2O, FiO2 ≤ 0.3, RR ≤ 20 /min

with pH ≥ 7.25,  PCO2 ≤ 55, Hct ≥ 30%, on aminophylline
(N = 62)

Extubation

CPAP group
Variable flow CPAP 

same PEEP, same FiO2
(N = 25)

HHHFNC group
Flow rate 6 L/min if BW ≥ 1,000 g
Flow rate 4 L/min if BW < 1,000 g

(N = 24)

Clinically stable for 72h 

Successful 
Extubation

Failed
Extubation

13 were excluded
- 3 died before enrolled
- 7 major congenital anomalies
- 2 enrolled weight < 700g
- 1 being referred

Enrolled into the study
(N = 49)

Fig. 1 Study protocol. GA
Gestational age; BWBirth weight;
PIP Peak inspiratory pressure;
FiO2 Fraction of inspired oxygen;
PEEP Positive end-expiratory
pressure; RR Respiratory rate;Hct
Hematocrit; CPAP Continuous
positive airway pressure;
HHHFNC Heated humidified
high-flow nasal cannula

264 Indian J Pediatr (April 2017) 84(4):262–266



the index study, 71% of infants who met the extubation failure
criteria and all of the infants who needed reintubation were
born at <28 wk of gestation. This finding is supported by a
previous study [12] showing that using HHHFNC in infants
<26 wk of gestation has very high extubation failure rate.
Thus, using HHHFNC immediately after extubation in ex-
tremely preterm infants should be cautious.

In the index study, most of the infants received surfactant,
except nine infants in HHHFNC and eight infants in CPAP
group. However, apart from two infants in each group, these
infants were still diagnosed as having mild RDS, which may
not influence the primary outcome. The authors used ami-
nophylline instead of caffeine because caffeine is not available
in their unit. They excluded infants under 700 g because prop-
er size of nasal cannula for these small infants is also not
available. The humidifier system was set in an invasive mode
to obtain optimal humidity at 37 °C in order to reduce respi-
ratory epithelium dryness and maintain normal cilia function.
The acceptable range of SpO2 was set at 88–93% due to the
evidence at the time of the study period [22].

In the past, a flow rate of HHHFNC was not allowed to
exceed 2 L/min due to unpredicted intrapulmonary pressure
delivered by HHHFNC [9, 11]. However, recent studies have
shown that using a flow rate of 4–6 L/min with a suitable size
of nasal cannula, diameter approximately 50–80% of infants’
nares, would be safe for preterm infants [12–14]. A meta-
analysis has also shown no differences in mortality or pulmo-
nary air leak between HHHFNC and other forms of non-
invasive respiratory support [23]. Rates of BPD, ROP and

PDA needing treatment were higher in the CPAP group but
did not reach statistical significance. These findings may be
accidental findings due to the small sample size. In addition,
infants who met failed extubation criteria in HHHFNC group
were rescued by bilevel CPAP, therefore, it is difficult to draw
any conclusion.

Incidence of nasal trauma in the HHHFNC group was sig-
nificantly lower than that of the CPAP group. Most of the
lesions were minor trauma such as skin redness or blanching
and did not require other interventions. Traumatic sites were
mostly located on nasal bridge and columella from the pres-
sure effect of the devices, especially in extremely premature
infants. These findings are supported by a meta-analysis
which reveals that nasal mucosa injury scores are significantly
lower in HHHFNC compared to other forms of non-invasive
ventilation [23]. Delivering accurate pressure of variable flow
via CPAP requires a tightly sealed nasal interface; the tighter it
is, the more likely for skin breakdown and mucosa injuries to
occur. Conversely, the major mechanism of HHHFNC is to
wash out nasopharyngeal dead space with humidified and
warm gas [24] and, for that reason, a gap between nasal can-
nula and nares is required to wash out the gas. Therefore, the
direct pressure effect between the appropriate size of cannula
of HHHFNC and nares is much lower than those of CPAP
nasal interfaces, resulting in less nasal trauma.

The strengths of this study are the predefined study proto-
col and failed extubation criteria. The authors used the same
types of equipment for each group along the study. However,
some limitations include small sample size, being conducted

Table 1 Baseline characteristics
of infants Infant’s characteristics HHHFNC (N = 24) CPAP (N = 25) p value

Gestational age (wk)*

<28 wk, n(%)

≥28 wk, n(%)

27.5 (26, 30)

14 (58.3)

10 (41.6)

28 (25, 29.5)

15 (60)

10 (40)

0.72

0.91

Birth weight (g)* 990 (800, 1333) 980 (740, 1237) 0.63

Male, n(%) 11 (45.8) 17 (68.0) 0.15

Multiple birth, n(%) 7 (29.2) 7 (28.0) 0.93

Apgar score at 5 min* 6 (4, 9) 6 (4, 8) 0.71

Cesarean section, n(%) 18 (75) 20 (80) 0.74

Surfactant, n(%) 15 (62.5) 17 (68) 0.76

Completed course of antenatal steroid, n(%) 18 (75) 19 (76) 0.93

Characteristics at enrollment

Post menstrual age (wk)* 28.5 (27, 32) 30 (29, 30.5) 0.23

Chronological age (days)* 7 (3, 13) 7 (3, 25) 0.19

Body weight (g)* 1015 (840, 1180) 1060 (865, 1285) 0.47

Hematocrit (%)* 40 (35.2, 44.5) 42 (37, 46.5) 0.71

PEEP (cm H2O)* 6 (5, 6) 6 (5, 6) 0.96

FiO2* 0.23 (0.21, 0.25) 0.25 (0.21, 0.30) 0.57

Duration of mechanical ventilator (days)* 5.5 (3, 9.7) 6 (1.5, 25.5) 0.11

*median (interquartile range)

PEEP Positive end-expiratory pressure; FiO2 Fraction of inspired oxygen
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in one center, and a non-blinded study. Possible bias could
occur because some of the failed extubation criteria were sub-
jective and depended on physician’s discretion. Type II error
can not be excluded because the hypothesis of this
study was based on the limited evidence from the pre-
vious study by Campbell et al. [11] at the time of pro-
tocol preparation. They had shown that infants who are
placed on HHHFNC after extubation have a much
higher rate of extubation failure compared to those placed on
CPAP. The post hoc power calculation of the primary outcome
(extubation failure rate) is low, as a result of an unexpectedly
low extubation failure rate in HHHFNC group with an abso-
lute difference of only 9%. To detect this small difference,
with a power of 80%, the required number of infants would
be 416 in each group.

In conclusion, the present study shows that there is no
significant difference between HHHFNC and CPAP in
extubation failure rate within 72 h after endotracheal tube
removal. HHHFNC could be considered as an alternative re-
spiratory support for infants after extubation. However, a
study with larger sample size is needed, especially in extreme-
ly preterm infants.
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