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Abstract
Background: In recent years, various noninvasive respiratory 
support (NRS) of ventilation has been provided more in 
neonates. The aim of this study was to compare the effect 
of HFNC with NCPAP in post-extubation of preterm infants 
with RDS after INSURE method (intubation, surfactant, 
extubation).
Methods: A total of 54 preterm infants with RDS (respiratory 
distress syndrome) were enrolled in this study. Using a 
randomized sequence, they were assigned into two groups 
after INSURE method. The first group received HFNC while 
the second group received NCPAP for respiratory support after 
extubation. A comparison was made between these two groups 
by the rate of reintubation, air leak syndrome, duration of oxygen 
therapy, hospitalization, the rate of bronchopulmonary dysplasia 
(BPD), intraventricular hemorrhage (IVH), retinopathy of 
prematurity (ROP), and mortality. Data were analyzed by using 
the SPSS version 18 software. The statistical analyses included 
Student’s t-test for continuous data and compared proportions 
using Chi-squared test and Fisher‘s exact test for categorical 
data.
Result: The rate of reintubation was higher in the HFNC 
compared with the NCPAP group. The rate of either IVH or 
ROP had no significant differences between the two groups. In 
addition, duration of oxygen requirement and hospitalization 
were not statistically different. There was no case of BPD or 
mortality among these patients.
Conclusion: This study showed that preterm infants with RDS 
could manage post-extubation after INSURE method with either 
NCPAP or HFNC. However, in this single-center study, the rate 
of reintubation was higher in the HFNC group while further 
multicenter study might be assigned.
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What’s Known

•	 Heated humidified high-flow nasal 
cannulae (HHHFNC) have been used 
to provide supplemental oxygen and 
positive end-expiratory pressure (PEEP).
•	 HHHFNC are easy to use and offer 
better tolerance, easier movement, and 
more attachment between infant and 
parents. 
•	 Less nasal injury by HHHFNC 
has resulted in the use of this type of 
noninvasive respiratory support in 
neonates.
•	 Preterm infants with respiratory 
distress syndrome (RDS) can be 
managed post extubation after intubation-
surfactant-extubation (INSURE) method 
with either on nasal continuous positive 
airway pressure (NCPAP) or high-flow 
nasal cannulae (HFNC).

What’s New

•	 Although preterm infants with RDS 
managed by the INSURE method were 
supported post extubation via either 
HFNC or NCPAP, the rate of reintubation 
was higher in HFNC. Higher level of flow 
rate in the HFNC group requires further 
multicenter studies for solid conclusions.
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Introduction

In recent years, various noninvasive respiratory 
support (NRS) of ventilation has been provided 
more in neonates, especially preterm infants.1 
The continuous positive airway pressure (CPAP) 
is one of the most common methods of NRS that 
has been used in neonatal period, especially 
via nasal prongs as NCPAP.1,2 Nowadays, it is 
generally practiced in neonates with RDS by 
INSURE method after surfactant administration 
via endotracheal tube, and then extubation to 
NCPAP.2 However, there are some concerns 
about NCPAP; such as nasal trauma, deformity 
of nostrils, and columellar necrosis, along with 
discomfort of infants and difficulty in nursing 
care.3,4 Therefore, heated humidified high-flow 
nasal cannulae (HHHFNC) has been used in 
some centers in the past decade to provide 
supplemental oxygen and positive end expiratory 
pressure (PEEP) by nasal cannulae (NC).5,6 On 
the other hand, the ease of use, better tolerance, 
easier movement, more attachment between 
infant and parents, less nasal injury of HHHFNC 
have recently resulted in a wide use of this type 
of NRS, especially in preterm infants in most 
centers.2,7,8

The aim of this study was to compare the 
effect of HFNC and NCPAP in post-extubation 
of preterm infants with respiratory distress 
syndrome (RDS) after surfactant administration 
via INSURE method on the rate of reintubation, 
duration of oxygen therapy, hospitalization, BPD, 
IVH, ROP, and mortality in an inborn neonatal 
intensive care center.

Patients and Methods

This study was approved by the Ethics Committee 
of Tehran University of Medical Sciences and 
registered in IRCT. Written informed parental 
consent was obtained before the enrollment. 
This was a prospective block randomized pilot 
study conducted at the inborn neonatal intensive 
care unit (NICU) in Arash Hospital; affiliated with 
Tehran University of Medical Sciences in Tehran 
(Iran) from April 2011 to May 2012.

The sample size was estimated 54 (27 in 
each group) with a type I error less than 5% 
and power greater than 80%. Preterm infants 
with gestational age 28-34 weeks with severe 
RDS who had needed surfactant replacement 
therapy within 48 hours after birth were enrolled 
in this study. Maternal characteristics (e.g. age), 
medical problems (e.g. diabetes or hypertension 
during pregnancy, gestational age, mode of 
delivery, prenatal corticosteroid administrations), 
and neonatal characteristics (e.g. birth 

weight, and sex of infants) were included by 
block randomized pilot study. Otherwise, the 
differences between the two groups were not 
significant regarding the maternal and neonatal 
characteristics.

The inclusion criteria were RDS, had 
required surfactant replacement therapy within 
48 hours after birth, and extubated in one 
hour of surfactant replacement therapy. The 
exclusion criteria were any signs of asphyxia 
(5 minute Apgar score ≤5), another respiratory 
disease other than RDS, major congenital 
anomalies, and had not needed surfactant 
replacement therapy within 48 hours after birth 
or had long intubation for more hours. To avoid 
maldistribution of GA and sex, the patients 
were blocked on these two variables by using 
four categories, namely 28-30 weeks males, 
28-30 weeks females, 31-34 weeks males, and 
31-34 weeks females (table 1).

Preterm infants with respiratory distress 
syndrome and RDS score >7 and/or fraction of 
inspired oxygen (FiO2) requirement more than 
0.4, who were candidate of exogenous surfactant 
administration by neonatologist,9,10 were intubated 
for surfactant replacement therapy (Survanta, 
Abbott Comp, USA; 4 ml/kg via endotracheal 
tube). Patients extubated within one hour after 
INSURE method according to the institutional 
guideline and the neonatologist’s assessment 
with the target pulse oximeter 90-92% were 
included. All infants were loaded with caffeine 
citrate prior to extubation. The patients assigned 
to group 1 and 2 post extubation in random 
order. In the first group, they received NCPAP 
(Dragger, Lubeck, Germany) after extubation, 
while group 2 received HFNC (Fisher & Paykel 
Healthcare, Aukland, New Zealand). HFNC 
group received flow according to the below 
formula11,12 and were titrated according to arterial 
blood gases of neonates and pulse oximeter.

Flow L/min=0.92+[0.68×Weight (in kg)]
We were more cautious to use higher flow 

rate as this was a pilot study and we were 

Table 1: Patients’ characteristics in HFNC and NCPAP 
groups
Variable NCPAP

(n=27)
HFNC
(n=27)

P

Girl 13 13 0.99
Boy 14 14 0.99
28‑30 weeks 9 9 0.99
31‑34 weeks 18 18 0.99
Prenatal corticosteroid 10 14 0.27
Administration of caffeine 27 27 0.99
Gestational age 31.33 31.52 0.7
Weight 1,601 1,642 0.7
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dealing with a new device in our setting. Thus, 
we considered 4 L/min along with FiO2≤0.6 as 
the maximal acceptable flow. In the NCPAP 
group, the minimal starting pressure was a 
sustained PEEP of 5 cmH2O along with FiO2<0.3 
and were titrated according to arterial blood 
gases of neonates and pulse oximeter. Maximal 
acceptable distending pressure was 8 cmH2O if 
infants needed FiO2>0.3.

The patient was reintubated if hypercapnea 
(pCO2≥60) with pH<7.25 and/or paO2<50 with 
FiO2>0.6 had been detected. The primary 
outcome was remaining extubated for at least 
3 days after INSURE method. The secondary 
outcomes were included as; duration of oxygen 
requirement and hospitalization (days), air leak 
syndrome, BPD, IVH, ROP, and mortality rate.

Data were analyzed using SPSS 
version 18 software. The statistical analyses 
included Student’s t-test for continuous data and 
compared proportions using Chi-squared test, and 
Fisher‘s exact test for categorical data. P values 
<0.05 were considered statistically significant.

Results

A total of 42 infants with the same GA were 
admitted during the study period, but did not 

meet the inclusion criteria. This was due to 
either congenital anomalies, another respiratory 
disease other than RDS, asphyxia, extubated 
after one hour of INSURE method, or needed 
surfactant replacement therapy after 48 hours 
birth. As shown in figure 1, 18 out of 54 included 
infants (33%) failed and required reintubation 
in INSURE method, which was higher in the 
HFNC group (14 vs. 4, P<0.004). Reintubation 
was higher in the HFNC group among preterm 
infants with gestational age of 28-30 weeks and 
31-34 weeks compared with the NCPAP group. 
Reintubation was higher in the HFNC group 
that received partial prenatal corticosteroid too 
(delivery occurred more than 24 hours after 
starting, at least, one dose of betamethasone). 
Five of the 14 neonates who received partial 
prenatal course of corticosteroid in the HFNC 
group, were reintubated compared to none 
of the 10 neonates of NCPAP with the same 
situation. Neonates of 31-34 weeks gestation 
were likely to benefit from INSURE method in 
both groups, 27 of 36 neonates of this gestation 
were not reintubated compared with the 9 out of 
18 neonates of the 28-30 weeks GA who were 
not reintubated in both groups (table 2).

Secondary outcome included either IVH or 
ROP, had no significant differences in these 

Figure 1: Participants’ CONSORT flow diagram.
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groups. Also, duration of oxygen therapy and 
hospitalization in NICU were not statistically 
different between the groups. However, the mean 
duration of oxygen requirement were 5.07 days 
and 4.56 days in the HFNC and NCPAP groups, 
respectively. In addition, the mean duration of 
hospitalization in NICU was 11.6 days in the 
HFNC group compared with 13.11 days in the 
NCPAP group. There were no cases of BPD or 
mortality among these patients in both groups 
(table 3). We did not have deformity of nostrils, 
columellar necrosis, or other complications 
among the groups in this study.

Discussion

Sreenan et al. compared standard HFNC with 
NCPAP in preventing apnea of prematurity, 
which had detected the effectiveness of HFNC 
in the management of neonates with apnea and 
bradycardia.11 However, Campbell and Wilkinson 
suggested that HFNC probably should not be 
used as an equivalent form of CPAP in preterm 
infants compared with NCPAP. They found 
that HFNC was associated with increases in 
the number of extubation failures and a higher 
level of oxygen requirement.12,13 Yoder et al. 
showed that among infants ≥28 weeks of GA, 
HHHFNC appeared to have similar efficacy and 

safety to NCPAP when applied immediately 
post extubation or as early as initial noninvasive 
support for respiratory dysfunction.7 Shoemaker 
et al, compared HHFNC with NCPAP for 
neonatal respiratory disease. They reported 
that premature infants less than 30 weeks of 
gestational age well tolerated HHFNC without 
apparent differences in adverse outcomes 
comparable with NCPAP, and HFNC has largely 
replaced NCPAP as the preferred mode of NRS.14 

Lampland et al. found that HFNC can produce 
continuous distending pressure, but having a 
pressure-limiting valve within a HFNC system 
appears to be necessary to limit the potential 
for inadvertent delivery of very high distending 

Table 2: Reintubation percent in HFNC and NCPAP groups. The effect of prenatal corticosteroid at reintubation percent in both 
groups
Intervention Reintubation Reintubation (prenatal 

corticosteroid)
Reintubation (without 
prenatal corticosteroid)

No Yes No Yes No Yes
NCPAP

GA
28‑30 weeks

Count 6 3 1 0 5 3
% 66.7 33.3 100.0 0 62.5 37.5

31‑34 weeks
Count 17 1 9 0 8 1
% 94.4 5.6 100.0 0 88.8 11.2

Total
Count 23 4 10 0 13 4
% 85.2 14.8 100.0 0 76.4 23.6

HFNC
GA

28‑30 weeks
Count 3 6 2 4 1 2
% 33.3 66.7 33.3 66.7 33.3 66.7

31‑34 weeks
Count 10 8 7 1 3 7
% 55.6 44.4 87.5 12.5 30 70

Total
Count 13 14 9 5 4 9
% 48.1 51. 9 64.3 35.7 30.7 69.3

Table 3: Primary and secondary outcomes in HFNC and 
NCPAP groups
Variables NCPAP

(n=27)
HFNC
(n=27)

P

Reintubation 4 14 0.004
IVH 2 1 0.5
BPD 0 0 0.99
ROP 2 2 0.99
Air leak 0 0 0.99
O2 therapy (days) 4.56 5.07 0.545
Hospitalization (days) 13.11 11.6 0.423
Mortality 0 0 0.99
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pressures to the preterm lung.15 Saslow et al. 
compared the work of breathing (WOB) with 
HFNC and NCPAP in premature neonates. 
They reported that HFNC can provide CPAP 
and replace NCPAP in preterm infants with mild 
respiratory disease.8 Collin showed that with a 
flow rate of 8 L/min, there was no difference in 
the rates of extubation failure between infants 
randomly placed on either NCPAP or HFNC 
in the first 7 days after extubation. However, 
nasal trauma was significantly less in HHHFNC 
group compared with NCPAP.3 Iranpour and 
his colleagues compared NCPAP and HFNC 
in preterm infant (30–35 weeks gestation) with 
RDS, who had received NCPAP for the first 
24 hours after birth. They showed HFNC was as 
effective as NCPAP in the management of RDS 
in premature neonates more than 30 gestational 
weeks. In addition, HFNC performed easier 
than NCPAP by maintaining a normal nasal 
mucosa.16 Holleman-Duray et al. showed that 
HFNC is a safe and well-tolerated device for 
extubated neonates and decreased the duration 
of invasive respiratory therapy, especially in 
preterm infants. Therefore, it can decrease the 
rate of ventilator associated with pneumonia and 
ventilator induced lung injury due to less duration 
of mechanical ventilation.17 Spence et al. studied 
intrapharyngeal pressure generated by HFNC at 
varying flow rates. They showed that HFNC could 
deliver significant intrapharyngeal pressure and 
replace NCPAP at flow rate 3 min/L or more in 
respiratory care of infants.18

In this study, we compared NCPAP with 
HFNC in preterm infants with RDS who received 
surfactant prior to extubation after INSURE 
approach and randomly placed on either 
NCPAP or HFNC. According to our study, the 
rate of reintubation was higher in the HFNC 
group (14 vs. 4, P<0.004) which is the same 
as Campbell’s findings (12 vs. 3, P<0.003).12 

However, the finding of Shoemaker were 
different to ours (18% vs. 40%, P<0.03). There 
were no statistically significant differences noted 
in the incidence of secondary outcomes between 
the two groups in either Campbell’s or our study 
(IVH, ROP, BPD, air leak, duration of oxygen 
therapy, and hospitalization).

We used a maximum flow rate of 4 L/min, 
thus, it is possible that the rate of failure and 
reintubation would be lower if we had used higher 
flow rate.19 Shoemaker used a wide flow rate 
(2.5-8 L/min),14 but Collins and his colleagues 
used a much higher starting flow rate (8 L/min).3 

They showed that using a flow rate of 8 L/min, 
there was no difference in the rates of extubation 
failure. A study by Spence showed that HFNC 
could be replaced by NCPAP at a flow rate of 

3 min/L or more in respiratory care of infants.18 

We were more cautious to use higher flow rate 
as this was a pilot study and we were dealing 
with a new device in our setting. The pressure 
generated is varied in infants treated with HFNC 
and is dependent on the flow rate and infant’s 
weight.13 Therefore, differences between flow 
rates for HHHFNC were considered a possible 
source of heterogeneity for extubation failure.19 

Based on the results of this study, there is 
insufficient evidence to determine whether HFNC 
is safe or as effective as a form of respiratory 
support in preterm infants.

The main limitation of our study was the small 
number of patients from a single center. Further 
randomized multicenter studies, including a 
larger group of patients in multiple centers are 
necessary for a better evaluation of HFNC as a 
noninvasive device.

Clinicians are using HFNC for respiratory 
treatment of RDS infants after extubation and 
replaced NCPAP instead of HFNC for respiratory 
care of neonates with apnea. Although, in the 
absence of sufficient clinical trial studies, there 
have been some concerns about the widespread 
use of these devices.6 The airway pressure 
delivered using a HFNC will vary with flow rate 
and the presence of leaks within the airway is 
according to cannulae size and infants weight. 
However, the operators generally have no 
knowledge of the actual level of airway pressure 
delivered to the infant via HFNC.13,19,20 It is 
hoped that adequate randomized trial studies 
in the future would define a safe and effective 
flow rate of HFNC and clarify guidelines for 
respiratory care via HFNC instead of NCPAP for 
non-invasive respiratory support in neonates for 
more attachment between infant and parents.

Conclusion

According to this study, preterm infants with 
RDS who had received surfactant by INSURE 
method could be managed post extubation via 
either HFNC or NCPAP. The ease of use of this 
device for nurses, better tolerance of infants, 
and more attachment between infant and 
parents may justify this replacement. Although, 
in this short study, the rate of reintubation was 
higher in the HFNC group, but it seems that 
higher level of maximum flow rate would be 
necessary for a better evaluation of this modality. 
We were more cautious to use higher flow rate 
as this was a pilot study and we were dealing 
with a new device in our setting. Therefore, we 
restricted ourselves to a maximum flow rate 
of 4 L/min. The pressure generated in infants 
treated with HFNC is dependent on the flow rate. 
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Consequently, lower flow rates for HFNC were 
considered as a possible source of extubation 
failure. Probably, the rate of failure and 
reintubation would have been lower if we had 
used a higher flow rate in our study. In addition, 
as a limitation of this study, the number of infants 
was too few. Therefore, we recommend further 
randomized multicenter studies, including larger 
group of patients and higher level of maximum 
flow rate for a better evaluation of HFNC as 
noninvasive device in preterm infants with RDS 
who received surfactant via INSURE approach 
instead of NCPAP.
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