
ABSTRACT

Purpose: To compare respiratory and clinical outcomes between the currently 

used strategy of Intubation, Surfactant, Extubation (InSurE) and nasal continuous 

positive airway pressure (NCPAP) and the alternative strategy of InSurE and nasal 

intermittent positive pressure ventilation (NIPPV) for the initial treatment of 

respiratory distress syndrome (RDS) in preterm newborns ≤32 weeks. 

Methods: Twenty-six comparable preterm infants with RDS were included in the 

study; 13 were randomized to NCPAP and 13 to NIPPV. In both groups, the InSurE 

procedure consisted of intubation, surfactant instillation and 2 h positive pressure 

ventilation followed by extubation, after which spontaneously breathing newborns 

were placed on NCPAP or NIPPV. 

Results: There were no differences in demographic characteristics or cardiorespira-

tory status among preterm infants enrolled in the study. The reinutation rate was 

lower among the infants treated with NIPPV than among those on NCPAP (8% vs. 

46%, P<0.05) and the rate of aminophylline use between 4 and 7 days of age of was 

lower in the NIPPV group compared to the NCPAP group (8% vs. 30%, P<0.05). 

In addition, “InSurE with NIPPV” significantly reduced the overall duration of 

endotracheal ventilation and shortened the time to first feed compared to “InSurE 

with NCPAP”. 

Conclusion: “InSurE with NIPPV” displayed therapeutic benefits as the initial 

treatment of preterm RDS when compared with the currently used ventilator 

strategy, “InSurE with NCPAP” by preventing re-intubation and shortening the 

duration of endotracheal ventilation.
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INTRODUCTION

Recently, there has been a growing understanding that 

minimizing ventilation and ventilator-induced lung injury 

should improve outcomes for preterm infants1). In particular, 

endotracheal intubation with positive pressure ventilation causes 

lung injury in preterm newborns2), and the need for re-intubation 

is associated with increased mortality3). Nasal continuous posi-

tive airway pressure (NCPAP) has been shown to be effective 

in treating preterm respiratory distress syndrome (RDS) and 

in shortening the course of mechanical ventilation in preterm 

infants4-7).  The strategy of placing infants on NCPAP after the 

Intubation, Surfactant, Extubation (InSurE) procedure has been 

used as a common practice for the initial treatment of preterm 

RDS7). Currently, apart from NCPAP, nasal intermittent positive 

pressure ventilation (NIPPV) is becoming an important alternative 

strategy to reduce severe bronchopulmonary dysplasia (BPD) in 

preterm infants8,9). Although some trials have been performed 

to investigate the therapeutic effect of NIPPV in preterm infants 

with RDS in western countries8,10-12), there are no data from Korea 

or other developing countries. In this study, the two ventilator 

strategies, the currently used “InSurE with NCPAP” procedure 

and the alternative “InSurE with NIPPV” procedure were applied 

randomly to preterm infants with RDS, and the clinical and 

respiratory outcomes in the two procedures were evaluated.

MATERIALS AND METHOD

1. Study Design and Patients

This prospective, single center, randomized controlled trial 

comparing the clinical and respiratory outcomes of NCPAP and 

NIPPV after InSurE for the initial treatment of RDS was conducted 

in the neonatal intensive care unit (NICU) of Kangwon National 

University Hospital between March 2011 and August 2013. The 

trial was approved by the institutional review board of Kangwon 

National University Hospital, and parental consent form was 

obtained for each patient before entry into the study.

This study enrolled preterm newborns (28–32 weeks’ gestation) 

who were born in Kangwon National University Hospital and 

admitted to the NICU with the diagnosis of RDS and who re-

quired mechanical ventilation within 6 h of age. Infants with 

major congenital malformations including cardiac diseases were 

excluded, and masked randomization was performed to either 

NCPAP or NIPPV after extubation.

2. Definitions

RDS was confirmed by the presence of clinical features and 

typical chest x-ray and blood gas findings. Patent ductus arteriosus 

(PDA) was documented by echocardiography and infants with 

PDA occurring within 7 days of age were included. Intraventricular 

hemorrhage (IVH) was determined by the Papile classification of 

cranial ultrasound findings13), and periventricular leukomalacia 

(PVL) was defined as cranial ultrasound findings of increased 

echogenicity and cystic lesions in the periventricular white matter. 

BPD was defined as the need for oxygen supplementation at 

28 days of age in association with characteristic radiographic 

findings14). Sepsis and urinary tract infection (UTI) were defined 

as positive blood and urine cultures, respectively and patients in 

whom these were confirmed within 2 weeks of age were included. 

Necrotizing enterocolitis (NEC) was defined as ≥stage 2 according 

to modified Bell’s criteria15), and retinopathy of prematurity 

(ROP) was defined as ≥stage 2 according to the international 

classification16). Desaturation was defined as oxygen saturation 

<85% that was correlated with a true signal on the pulse oximeter 

and required stimulation, and apnea was defined as apneic 

pauses that lasted more than 20 s, accompanied by bradycardia or 

desaturation <85%. Full enteral feeding was defined as a volume of 

130 mL/kg/day. 

3. Respiratory Management

Endotracheal intubation was performed in the delivery room, 

if the heart rate did not reach  ≥100 beats/min or the newborn 

did not have sufficient spontaneous respiratory effort despite  

receiving positive end-expiratory pressure (PEEP) at 5 cmH2O for 

1 min using a T-piece device (Neopuff Infant Resuscitator; Fisher 

& Paykel, Healthcare, Auckland, NZ). The  newborns who were 

not intubated in the delivery room were supported by PEEP at 

5 cmH2O for 30 to 60 s using the T-piece device (Neopuff Infant 

Resuscitator; Fisher & Paykel, Healthcare, Auckland, NZ) at 

delivery. All newborns received PEEP at 5 cmH2O using the T-piece 

device via mask or endotracheal tube during transportation to the 

NICU. 

The initial ventilator settings for infants with RDS were peak 

inspiratory pressure (PIP) 17–18 cmH2O, PEEP at 5 cmH2O, and 

inspiratory time (IT) 0.35 s adjusted to keep the oxygen saturation 

at 90–96%. The guideline for surfactant administration was the 

need for fraction of inspired oxygen (FiO2) of ≥40% within the 
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first 1 h of age to maintain the SpO2 by pulse oximeter at 90 -96%. 

Exogenous surfactant, 100 mg/kg/dose, 1 to 2 doses, as needed, 

(Newfecten, Yoohan Medica, Seoul, Korea), was given only as 

rescue therapy. The second dose of surfactant was given to infants 

who had persistent respiratory distress and were still intubated 

and ventilated with FiO2 requirement >35% at 6 h after the initial 

dose. At 2 h after surfactant instillation, either NCPAP or NIPPV 

was randomly initiated in spontaneously breathing premature 

infants. 

The nasal respiratory support was delivered via nasopharyngeal 

prongs (BabyFlow-Nasal CPAP, Dräger Medical Inc. or EasyFlow 

nCPAP, Stephen Inc) using Babylog 8000 plus neonatal ventilator 

(Dräger Medical, Inc., Telford, PA, USA) or Stephan Neonatology 

Ventilator (model Sophie; Stephen, Inc., Gackenbach, Germany). 

The ventilator was set only in the synchronized intermittent 

mandatory ventilation (SIMV) mode for NIPPV, with PIP = PIP 

prior to extubation + 4, PEEP = 5 cmH2O, ventilator rate (VR) = VR 

prior to extubation, IT = 0.45 s, flow rate = 8–10 L/min or sinusoid 

pattern, and FiO2 to maintain SpO2 at 94–96%, and NCPAP was 

initially set at 8 cmH2O. The exclusion criterion for extubation 

was FiO2 ≥40% required to maintain PaO2 at 70 mmHg at 2 h after 

surfactant instillation. No infants were loaded with intravenous 

aminophylline or caffeine before extubation.

The criteria for failure of nasal respiratory support included 

clinical respiratory deterioration accompanied by at least one of 

the following: pH <7.2 and PaCO2 >55 mmHg, PaO2 <60 mmHg, 

arterial oxygen saturation as measured by SpO2 <92% on FiO2 

>50%, or recurrent apnea requiring repeated stimulation or 

T-piece-and-mask ventilation. The infants who failed the initial 

nasal respiratory support were re-intubated with the ventilators in 

SIMV mode, weaned gradually, and then reextubated and placed 

on NCPAP. Infants who exibited recurrent apnea or desaturation 

on NCPAP were switched from NCPAP to NIPPV, and during nasal 

ventilation, the two modes were applied interchangeably on the 

infants who did not meet the above criteria for failure of nasal 

respiratory support.

We used short binasal prongs and checked frequently for 

adequate positioning in order to avoid complications derived from 

compression of the nasal septum. The mouth and pharynx were 

suctioned done every 3–4 h and/or at the discretion of the nurse, 

depending on individual needs. The same principle applied to the 

changing of the prongs. To preserve lung volume, ventilation using 

the T-piece device immediately after suctioning or changing of the 

prongs was recommended. To avoid loss of pressure through the 

mouth, a chin strap was strongly recommended, and to facilitate 

elimination of air from the stomach, an orogastric tube (6 French) 

was kept open at all times and taped to the top of the incubator. 

Infants on intermittent feeding were fed through this tube.

4. Comparison Measures between NCPAP and NIPPV

As primary outcome measures, demographic characteristics 

and cardiorespiratory status before entry into the study were 

compared between the two groups. Demographic and clinical 

data including gestational age (GA) at birth, birth weight (Bwt), 

gender, Apgar scores, number of appropriate gestational age 

(AGA) newborns, number of newborns who had received 

two doses of antenatal steroids, number of newborns who 

were intubated at delivery, severity of RDS at birth, number of 

newborns who received multiple doses of surfactant, time until the 

administration of surfactant, and ventilator settings and arterial 

blood gases prior to surfactant administration were analyzed. 

Cardiorespiratory status before entry into the study included the 

following: FiO2, VR, PIP, PEEP, mean airway pressure (MAP), mean 

arterial blood pressure (MaBP), respiratory rate (RR), pH, PaO2, 

and PaCO2. As secondary measures, the respiratory outcomes and 

clinical outcomes were compared between the two groups. Short-

term respiratory short-term outcomes included the initial FiO2, 

PEEP, and RR on nasal support, the time to cessation of the initial 

endotracheal ventilation, the duration of the initial trial of nasal 

support, the incidence failed nasal support, desaturation, or apnea 

within 12 hours of the initiation of nasal support, and the incidence 

of aminophylline use between 4 and 7 days of age. Clinical 

outcomes included the total duration of endotracheal ventilation 

and nasal supports; the incidence of IVH, PVL, PDA, infection 

such as sepsis or UTI, BPD, NEC, or ROP, time to first feeding, time 

to full feeding, and length of hospital stay.

5. Statistics

Two-sample unpaired t  tests (Student’s t-test) were used for 

continuous variables with normal distributions and the Mann-

Whitney test was used for those with skewed distributions. 

Differences for categorical variables were analyzed by χ2 analysis. 

For all tests, P<0.05 indicated significance.

RESULTS

Twenty-seven infants with RDS who were admitted to the NICU 
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of Kangwon National University Hospital and required surfactant 

instillation within 6 h of age between March 2011 and August 

2013 were enrolled in this study. One infant was excluded due to a 

congenital cardiac malformation. 13 infants were randomized to 

NCPAP, and 13 to NIPPV. 

Table 1 shows the demographic data of both groups. The 

mean Bwt and the GA did not differ between the two groups. 

The mean Bwt was 1,400 g in the NCPAP group and 1,430 g in the 

NIIPPV group, and GA was 29 and 30 weeks, respectively. Gender 

distribution, Apgar scores, number of AGA newborns, mode of 

delivery, the number of newborns who had received two doses 

of antenatal steroids, incidence of severe RDS at birth, number 

of newborns who were intubated at delivery and time until the 

administration of surfactant were also similar between the two 

groups, as were arterial blood gases and ventilator settings prior to 

surfactant administration.

Details of the cardiorespiratory status of the newborns at entry 

into the study is shown in Table 2. Preextubation FiO2, VR, PIP, 

PEEP, MAP, blood gas, and MaBP values were all similar between 

the two groups.

In terms of short-term respiratory outcomes, as detailed in Table 

3, 6 of 13 infants (46%) in the NCPAP group required re-intubation 

after initiation of NCPAP, whereas only 1 of 13 infants (8%) in 

the NIPPV group required re-intubation (P<0.05). Although the 

Table 1. Demographic Data

NCPAP
(n=13)

NIPPV
(n=13)

P-
value

GA (weeks) 29.2±1.76 30.1±1.72 0.198

Bwt (g) 1,400±330 1,430±320 0.852

Male, n (%) 6 (46) 9 (69) 0.234

AGA, n (%) 11 (85) 12 (92) 0.539

Antenatal steroids (2 doses), n (%) 9 (67) 8 (62) 0.680

C/S, n (%) 7 (54) 8 (77) 0.216

1-min AS 5.6±1.4 6. 2±0.8 0.237

5-min AS 7.6±1.1 7.8±0.8 0.551

Intubation at delivery, n (%) 2 (15) 2 (15) 1.000

RDS, III–IV, n (%) 2 (15) 2 (15) 1.000

Multiple surfactants, n (%) 1 (8) 1 (8) 1.000

Time until surfactant administration 

(min)

67.7±23.5 75.4±24.0 0.417

Variables at surfactant administration

FiO2 0.55±0.16 0.60±0.16 0.421

PIP (cmH2O) 17.6±0.65 17.8±0.38 0.282

PEEP (cmH2O) 4.9±0.3 5±0 0.337

pH 7.247±0.09 7.270±0.10 0.786

PaCO2 (mmHg) 45.3±9.9 46.5±12.6 0.478

PaO2 (mmHg) 75.7±15.9 71.1±16.7 0.547

Abbreviations: GA, gestational age; Bwt, birth weight; AGA, appro-
priate for gestational age; C/S, cesarean section; AS, Apgar score; 
NCPAP, nasal continuous airway pressure; NIPPV, nasal intermittent 
positive pressure ventilation; RDS, respiratory distress syndrome; 
FiO2, fraction of inspired oxygen; PIP, peak inspiratory pressure; PEEP, 
positive end expiratory pressure.

Table 2. Cardiorespiratory Status at Entry into the Study

NCPAP
(n=13)

NIPPV
(n=13)

P-
value

FiO2 0.34±0.06 0.33±0.11 0.878

VR (/min) 29.5±8.1 30.6±10.2 0.768

PIP (cmH2O) 17.5±0.66 17.6±0.51 0.742

PEEP (cmH2O) 4.9±0.28 5±0 0.337

MAP (cmH2O) 7.1±0.72 7.3±0.78 0.454

MaBP (mmHg) 33.7±3.4 36.0±3.4 0.091

RR (/min) 49.9±4.5 46.5±10.8 0.082

pH 7.30±0.04 7.28±0.78 0.141

PaO2 (mmHg) 85.3±27.4 81.9±21.7 0.733

PaCO2 (mmHg) 39.9±3.7 37.7±7.0 0.331

Abbreviations: NCPAP, nasal continuous airway pressure; NIPPV, 
nasal intermittent positive pressure ventilation; FiO2, fraction of in-
spired oxygen; VR, ventilator rate; PIP, peak inspiratory pressure; 
PEEP, positive end expiratory pressure; MAP, mean airway pressure; 
MaBP, mean arterial blood pressure; RR, respiratory rate.

Table 3. Short-term Respiratory Outcomes

NCPAP
(n=13)

NIPPV
(n=13)

P-
value

Initial FiO2 on nasal support 0.29±0.05 0.31±0.07 0.619

Initial PEEP on nasal support 

(cmH2O)

8±0 5.1±0.28 0.000

Time to stop initial endotracheal 

ventilation (h)

4.0±0.8 3.8±1.3 0.791

Duration of initial nasal support (h) 21 (2–74) 93 (11–396) 0.019*

Failed nasal support (reintubation), 

n (%)

6 (46) 1 (8) 0.024

Desaturation†, n (%) 4 (31) 3 (23) 0.067

Apnea‡, n (%) 7 (54) 3 (23) 0.041

Usage of aminophylline, n (%) (4–7 

days of age)

4 (31) 1 (8) 0.039

*Mann -Whitney test.
†defined as apneic pauses which last more than 20s, with bradycardia 
or desaturation <85%.

‡defined as oxygen saturation <85% that required stimulation.
Abbreviations: NCPAP, nasal continuous airway pressure; NIPPV, nasal 
intermittent positive pressure ventilation; FiO2, fraction of inspired 
oxygen; PEEP, positive end expiratory pressure.



162 Hyeon-Soo Lee, Se Ra Min
Nasal IPPV and Preterm RDS

numbers of infants who experienced desaturation within 12 h 

of begining nasal support did not differ between the two groups 

(4/13 [30%], NCPAP vs. 3/13 [23%], NIPPV; P=0.067), the incidence 

of apnea during the first 12 h from the initial nasal support was 

significantly higher in the NCPAP group (7/13 [54%], NCPAP 

vs. 3/13 [23%], NIPPV; P<0.05). Four of 13 infants (31%) in the 

NCPAP group required aminohylline administration between 4 

and 7 days of age,while one of 13 infants required aminophylline 

administartion in the NIPPV group (P<0.05) . The initial PEEP 

settings during nasal support were significantly higher for the 

NCPAP group (8 cmH2O vs. 5.1 cmH2O, NCPAP vs. NIPPV; P<0.05) 

because of the different respiratory modes, i. e., CPAP and IPPV, 

while the duration of the initial nasal support was considerably 

longer in the NIPPV group (21 h vs. 93 h, NCPAP vs. NIPPV; P< 

0.05).

Table 4 shows the clinical outcomes in both groups. With respect 

to ventilator support, the total duration of endotracheal ventilation 

was significantly longer in the NCPAP group (110 h vs. 3.5 h, 

NCPAP vs. NIPPV; P<0.05). In contrast, the total duration of nasal 

support was significantly longer in the NIPPV group (58 h vs. 116 h, 

NCPAP vs. NIPPV; P<0.05). Overall, the total duration of ventilator 

support was significantly shorter for NIPPV vs. NCPAP (188 h vs. 

119.5 h, NCPAP vs. NIPPV; P<0.05). With regard to other clinical 

outcomes, there was a significantly higher incidence of NEC 

stage 2 in the NCPAP group (4/13 [31%], NCPAP vs. 2/13 [15%], 

NIPPV; P<0.05), and the NIPPV group had a significantly earlier 

introduction of feeding (109 h vs. 67 h, NCPAP vs. NIPPV; P<0.05) 

with an earlier attainment of full feeding (48 d vs. 29 d; P<0.05). The 

length of hospital stay was greater in the NCPAP group, however, 

one of these infants was waiting for herniorrhaphy, another had 

extravasation at the wrist, and two developed late onset infection 

caused by Candida or by Staphylococcus epidermidis, while in 

the NIPPV group, there was one case of late onset infection caused 

by Staphylococcus epidermidis (data not shown). There was a 

trend toward a lower incidence of PDA and infection in the NIPPV 

group compared to the NCPAP group (PDA, 5/13 [38%], NCPAP 

vs. 2/13 [15%], NIPPV; infection, 2/13 [15%], NCPAP vs. 1/13 [8%], 

NIPPV), but it did not reach statistical significance. One infant in 

the NCPAP group had stage 2 ROP and one had BPD; there was 

no significant difference in the incidence of ROP or BPD between 

the two groups. Neither pneumothorax nor gastrointestinal 

perforation was observed in either group.

DISCUSSION

In the present study, we found that InSurE with NIPPV improved 

the rate of successful extubation, reduced the duration of endo-

tracheal ventilation and the incidence of NEC, and shortened 

the time to initiation of enteral feeding and the attainment of full 

feeding in preterm infants with RDS in comparison to InSurE with 

NCPAP.

Recently, there has been a growing belief that attempts to avoid 

intubation and mechanical ventilation are the best way to avoid 

lung injury and severe BPD in preterm infants1). Hence, apart from 

NCPAP, NIPPV has gained a great deal of attention as an alternative 

ventilator strategy for treatment of preterm RDS. NIPPV is non-

invasive mode of ventilator assistance that uses nasal prongs to 

deliver IPPV17). The benefits attributed to NIPPV include increased 

pharyngeal dilatation11,18), increased tidal and minute volumes, 

and creation of inadvertent PEEP that allows recruitment of alveoli 

and improved functional residual capacity12). 

Based on this background, we performed a trial of NIPPV 

Table 4. Clinical Outcomes

NCPAP
(n=13)

NIPPV
(n=13)

P-
value

Endotracheal ventilation (h) 110 (5–240) 3.5 (2.5–8) 0.000*

Duration of nasal support (h) 58 (2–94) 116 (14–434) 0.040*

Duration of ventilator support 

(h)
188 (18–314) 119.5 (14–434) 0.044*

IVH

Gr I–II, n (%) 12 (92) 12 (92) 0.619

Gr III–IV, n (%) 1 (8) 1 (8) 0.352

PVL, n 0 0 1.000

PDA, n (%) 5 (38) 2 (15) 0.185

Infection (sepsis, UTI), n (%) 2 (15) 1 (8) 0.239

Pneumothorax, n 0 0 1.000

BPD, n (%) 1 (0.8) 0 (0) 0.887

NEC (stage 2), n (%) 4 (31) 2 (15) 0.047

Gastrointestinal perforation, n 0 0 1.000

ROP (stage 2), n (%) 1 (8) 0 (0) 0.901

Time to start enteral feeding (h) 109 (8–192) 67 (12–120) 0.044*

Time to full–feed (d) 48 (12–89) 29 (10–72) 0.030*

Length of hospital stay (d) 71.6±27.5    51.2±25.0 0.029

*Mann-Whitney test.
Abbreviations: NCPAP, nasal continuous airway pressure; NIPPV, 
nasal intermittent positive pressure ventilation; IVH, intraventricular 
hemorrhage; PVL, periventricular leukomalacia; PDA, patent ductus 
arteriosus; BPD, bronchopulmonary dysplasia; NEC, necrotizing 
enterocolitis; ROP, retinopathy of prematurity.
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following InSurE for preterm infants with RDS and compared 

the effects with those of NCPAP after InSurE. We applied NIPPV 

in the SIMV mode, based on previous evidence demonstrating 

that non-synchronized NIPPV used in the NICU was effective  

without complications9,19) along with evidence that the use of 

non-synchronized NIPPV vs. synchronized NIPPV (SNIPPV) 

was not associated with any significant difference in selected 

clinical outcomes in premature infants19). An additional rationale 

for the use of NIPPV as a non-invasive ventilation mode in 

preterm infants is that it allows for the administration of sighs to 

the infants, thus opening areas of microatelectasis and recruiting 

more ventilation capacity20). In the present study, we found 

that compared to NCPAP, non-synchronized NIPPV had better 

beneficial effects, without any complications, as a non-invasive 

ventilator strategy in preterm infants with RDS. 

Failure of extubation is a major problem in premature infants 

with RDS, and preventing re-intubation is an important task for the 

improvement of outcomes in these preterm infants. Endotracheal 

intubation bypasses the upper airway and results in disruption 

of the coordinated laryngeal and diaphragmatic control of the 

respiratory pattern, with subsequent disruption of end-expiratory 

lung volume (EEV)10). The physical or mechanical insults 

associated with a low EEV in combination with an expanded tidal 

volume, lead to surfactant damage, decreased compliance, and 

lung injury21). Thus, endotracheal intubation may directly lead 

to injury and to a vicious cycle of an increasing need for invasive 

care9). The present study showed that NIPPV was more successful 

than NCPAP in preventing re-intubation during treatment of 

preterm RDS. Our results are in line with previous studies showing 

that NIPPV increases the likelihood of successful extubation 

compared to NCPAP22,23). 

Apnea in preterm infants is usually related to immaturity of the 

central nervous system and commonly presents after 1–2 days of 

age and within the first 7 days24). Stefanescu et al.25) demonstrated 

that failure of extubation was caused by numerous episodes 

of apnea in preterm infants. Although methylxanthines have 

been the mainstay for treatment of apnea in preterm infants24), 

these compounds are commonly associated with side effects 

including increased metabolic rate and neurodevelopmental 

defects26). Therefore, there has been a growing desire for a non-

pharmacologic strategy for treatment of apnea in preterm infants, 

and non-invasive ventilation may be considered such a strategy. 

In the current study, no difference in the incidence of desaturation 

(defined as oxygen saturation <85% requiring stimulation) was 

observed between the two groups. However, the frequency of 

apnea (defined as apneic pauses lasting more than 20s with 

bradycardia or desaturation to <85%) was significantly higher in 

the NCPAP group compared to the NIPPV group. Similarly, Lin 

et al. have reported that a marked reduction in the incidence of 

apneic spells in premature infants treated by NIPPV compared to 

those treated by NCPAP20). 

Regarding the use of aminophylline, the policy of our unit 

is to start aminophylline only after 72 h of age in preterm in-

fants ≤32 weeks, considering the side effects, which include 

decreased cerebral blood flow, gut complications, tachycardia, 

and hyperglycemia. In the current study, the rate of usage of 

aminophylline in infants between 4 and 7 days of age was much 

higher in the NCPAP group compared to the NIPPV group. 

This result suggests that NIPPV may be more effective as a non-

pharmacologic method of treating apnea in preterm infants 

compared to NCPAP.

Although the small sample size is inadequate to define a 

strong difference, the present study showed a higher incidence 

of NEC stage 2 in the NCPAP group than in the NIPPV group. 

This observation might be partly related to the higher rate of 

aminophylline use in the NCPAP group, based on the fact that 

aminophylline has the important adverse effect of slowing 

gastrointestinal motility27). Because the feeding policy in our 

NICU is standardized, the potential effects of the feeding policy on 

NEC can be denied with regard to the current results. Infants are 

fed enterally as soon as medically possible after birth, preferably 

starting within the first day or two of life; full-strength breast milk is 

preferred. Preterm infants weighing < 500 g, 500–750 g, 800–1,000 

g, 1,000–1,200 g, 1,300–1,500 g, and 1,600–2,000 g are started on 1 

mL/feed every 8 h, 1 mL/feed every 6 h, 2 mL/feed every 4 h, 2 mL/

feed every 3 h, 3 mL/feed every 3 h, and 4–5 mL/feed every 3 h, 

respectively; the feeding interval then changes to 3 h and increases 

gradually by 1 mL in infants weighing <1,000 g, by 2 mL in infants 

weighing 1,000–1,200 g, by 3 mL in infants weighing 1,300–1,500 

g, and by 3–5 mL in infants weighing 1,600–2,000 g; the rate of 

advancement must be individualized.

The results of the present study showed significantly earlier 

introduction of enteral feeding and earlier attainment of full 

feeding in the NIPPV group compared to the NCPAP group, and 

these results may also be partly associated with the lower rate of 

aminophylline administration and the lesser tendency toward the 

incidence of PDA or infection observed in the NIPPV group. 

The current study presented that  the length of hospital stay 
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in the NCPAP group was greater than that of the NIPPV group. 

This finding had some discrepancy with the results of previous 

studies, which did not show significant differences in the length 

of stay between the two practices3,11). This discrepancy might 

be explained by the several patients in the NCPAP group who 

required prolonged hospital stays for other reasons, as mentioned 

in the results, as well as by the small sample size. 

BPD has a significant association with invasive mechanical 

ventilation28,29), and it is important to minimize the risk of ven-

tilator-induced lung injury from birth in preterm infants to reduce 

the incidence of BPD. To date, there have been a few reports 

showing reduced incidence of BPD in preterm infants treated with 

NIPPV vs. NCPAP8,22), and although NIPPV significantly reduced 

the total duration of endotracheal mechanical ventilation in 

comparison to NCPAP in the present study, there was no differ-

ence in the incidence of BPD between the two groups. Because our 

study has the limitation of a small sample size, it may be presumed 

to be limited in its ability to define a strong difference in the 

incidence of BPD between the two groups. 

None of the preterm newborns in either group in the present 

study experienced any of the severe adverse effects described during 

nasal ventilation, such as bowel perforation or pneumothorax. 

Although an older uncontrolled study of unsynchronized nasal 

ventilation, reported in the pre-surfactant era in the mid-1980s, 

suggested that occasional gastrointestinal perforation could 

occur30), the current observations were consis tent with the results 

from other more recent studies that have not reported any seri-

ous complications, including gastrointestinal perforation or 

pneumothorax, when using NIPPV or SNIPPV2,12). Regarding 

these favorable results, we would emphasize that decompression 

of the stomach through venting the orogastric tube by keeping the 

tube open and by taping it to the top of the incubator is necessary 

during nasal ventilation. In addition, a recent analysis, completed 

in 2012, confirmed that there was no difference in the incidence of 

pneumothorax between the two practices, NCPAP and NIPPV31). 

In the current study, we used NIPPV instead of SNIPPV as the 

primary mode of non-invasive ventilation in premature infants. 

Most probably, the effectiveness of SNIPPV is due to decreased 

thoraco-abdominal motion asynchrony and flow resistance 

through the nasal prongs, with improved stability of the chest wall 

and pulmonary mechanics32) and decreased work of breathing33). 

Although physiologic considerations and some adult data have 

indicated that NIPPV is preferably applied in the synchronized 

mode34,35), other investigators have used both synchronized and 

non-synchronized NIPPV successfully in neonatal units19,20). 

Our study supports the hypothesis that NIPPV offers benefits 

as an initial measure for preterm infants with RDS in comparison 

with NCPAP. In actuality, the current technology in the majority 

of neonatal units in Korea does not allow for synchronized nasal 

ventilation, and we believe that, although the sample size was 

small, the present study has provided a positive basis for using 

NIPPV with existing ventilators in the SIMV mode as a promising 

ventilator strategy for treating preterm infants with RDS in the 

NICU. 
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