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Abstract 21 

Objective: Evaluate whether nasal intermittent positive-pressure ventilation (NIPPV) as 22 

rescue therapy after initial nasal continuous positive airway (NCPAP) failure reduces  23 

need for invasive mechanical ventilation (IMV) in infants with respiratory distress 24 

syndrome (RDS). Design: Retrospective cohort involving 156 preterm infants who 25 

failed initial NCPAP and were then submitted to NIPPV rescue therapy and classified 26 

into NIPPV success or failure, according to need for IMV. Result: Of all infants 27 

included, 85 (54.5%) were successfully rescued with NIPPV while 71 (45.5%) failed. 28 

The NIPPV success group had significantly lower rates of bronchopulmonary dysplasia, 29 

peri/intraventricular hemorrhage,  patent ductus arteriosus and greater survival without 30 

morbidities (all p≤0.01). Infants who failed NIPPV had earlier initial NCPAP failure 31 

(p=0.09). In  final logistic regression model, birthweight ≤1000 g and need for 32 

surfactant remained significant factors for NIPPV failure. Conclusion: NIPPV rescue 33 

therapy reduced the need for IMV in infants that failed NCPAP and was associated with 34 

better outcomes. 35 

 36 

 37 
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Introduction 39 

Prematurity along with respiratory distress syndrome (RDS) is one of the main 40 

causes of neonatal mortality. In recent decades, through the advancement of invasive 41 

mechanical ventilation (IMV), surfactant therapy, and the use of antenatal 42 

corticosteroids, a reduction in mortality has been achieved [1]. However, with the 43 

increased survival of extremely premature infants, some neonatal morbidities are still 44 

highly prevalent, especially bronchopulmonary dysplasia (BPD) [2,3]. This condition 45 

has a multifactorial origin; however, IMV plays a key role, resulting in inflammation of 46 

the lungs and impaired development in the most immature infants [4]. 47 

Noninvasive ventilatory support has been extensively studied to minimize the 48 

damage caused by IMV and therefore decrease the incidence of BPD [5,6]. The two 49 

most studied modes of noninvasive ventilation are nasal continuous positive airway 50 

pressure (NCPAP) and nasal intermittent positive-pressure ventilation (NIPPV), which 51 

can be administered to the patient through interfaces such as nasal prongs or mask [7]. 52 

NCPAP generates a positive end-expiratory pressure (PEEP), to maintain 53 

functional residual capacity, preventing alveolar collapse [8]. NIPPV is the application 54 

of NCPAP that, in addition to PEEP, provides a superimposed cycled intermittent peak 55 

inspiratory pressure (PIP) that may or may not be synchronized with the newborn’s 56 

inspiratory effort. This pressure increases the mean airway pressure, improving 57 

oxygenation and the work of breathing, and recruiting the lung more efficiently than 58 

NCPAP alone [8,9]. 59 

Despite the available evidence regarding the superiority of NIPPV over NCPAP 60 

as both primary [10] and postextubation [11] ventilatory support, NCPAP remains the 61 

mainstay of initial noninvasive ventilation for preterm infants. Extensive experience 62 

with NCPAP and its safety and cost-effectiveness, have contributed to its wide use in 63 
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clinical practice in neonatal units [12]. Studies have shown an early NCPAP failure rate 64 

of 50%, leading to the need for tracheal intubation and IMV [13,14]. The use of NIPPV 65 

as a rescue therapy in this situation could be an alternative ventilatory strategy that may 66 

be capable of avoiding IMV. However, very few studies on the use of NIPPV as a 67 

rescue therapy are available [15,16]. 68 

The main objective of this cohort study was to evaluate whether the use of 69 

NIPPV as a rescue therapy reduces the need for IMV in preterm infants with RDS after 70 

initial NCPAP failure. 71 

 72 

Materials and methods 73 

This was a retrospective cohort study conducted in a Level III neonatal intensive 74 

care unit at the Instituto de Medicina Integral Prof. Fernando Figueira in Recife, 75 

Pernambuco, Brazil, from January 2016 to December 2019. A database registry of 76 

preterm infants (gestational age or GA <32 weeks) with birthweight (BW) <1500 g was 77 

used. Patients were eligible if they received NIPPV during hospitalization and were then 78 

selected for an initial analysis of their medical records. Of these, infants with RDS 79 

(defined as having respiratory distress within 3 hours of birth with associated 80 

radiographic evidence) on NCPAP for initial respiratory support, who failed during the 81 

first 120 hours of life and underwent rescue NIPPV were analyzed. Most infants who 82 

failed NCPAP were because of the need for 1st dose of surfactant (NCPAP ≥6 cm H20 83 

and fraction of inspired oxygen or FiO2 ≥0.3), apnea or increased work of breathing. 84 

These patients were followed for a 72-hour period of this rescue NIPPV support and 85 

were divided into two groups: NIPPV success or NIPPV failure, based on whether 86 

tracheal intubation and IMV were needed at the discretion of the attending 87 

neonatologist. The decision to intubate and provide IMV essentially followed 88 
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previously published guidelines [17]. Patients with severe congenital malformations 89 

were excluded. 90 

In this neonatal unit, the use of noninvasive ventilatory support, including 91 

NIPPV as a rescue therapy, is a well-established practice [18]. Nasal CPAP is 92 

administered through bubble CPAP or ventilator-derived CPAP, with a flow of 8-10 93 

L/min, PEEP of 5-7 cm H2O, and FiO2 necessary to maintain oxygen saturation (SpO2) 94 

between 91% and 95%. A time-cycled, pressure-limited, and continuous-flow neonatal 95 

ventilator (Intermed / iX5, Intermed Inc, Sao Paulo, Brazil) with NIPPV in a non-96 

synchronized mode with the following parameters was used: a PIP between 15 and 25 97 

cm H2O, a PEEP of 5-7 cm H2O, an inspiratory time (Ti) of 0.4-0.5 s, a flow rate of 8-98 

10 L/min, a frequency of 20-30 breaths/min, and an FiO2 to maintain SpO2 between 99 

91% and 95%. Both NCPAP and NIPPV were provided using short bi-nasal prongs 100 

(Hudson RCI infant nasal prong cannula) as the nasal interface. Blood gases were done 101 

as clinically indicated and utilized to manage NCPAP/NIPPV settings. 102 

 The maternal characteristics recorded were the presence of hypertension, 103 

diabetes or chorioamnionitis (as defined clinically by the obstetrician), the use of 104 

antenatal corticosteroids, and the mode of delivery. GA, BW, BW adequate or small for 105 

GA (SGA) [19], Apgar scores at 1 and 5 minutes, Score for Neonatal Acute Physiology 106 

with Perinatal Extension (SNAPPE) [20], surfactant use and early-onset clinical 107 

neonatal sepsis (defined as the presence of relevant clinical and laboratory findings with 108 

or without positive blood culture that required antibiotics for ≥5 days) were recorded as 109 

neonatal characteristics. The following neonatal outcomes were evaluated: patent ductus 110 

arteriosus (PDA), diagnosed by an echocardiography finding of the presence of a shunt 111 

from the descending thoracic aorta to the pulmonary artery; bronchopulmonary 112 

dysplasia (BPD), defined as receiving supplemental oxygen at 36 weeks postmenstrual 113 
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age (PMA); retinopathy of prematurity (ROP), according to the International 114 

Classification of Retinopathy of Prematurity [21]; peri/intraventricular hemorrhage 115 

(P/IVH), according to Papile’s classification based on cranial ultrasound [22]; 116 

necrotizing enterocolitis (NEC),  defined as stage 2 and above according to modified 117 

Bell staging criteria [23]; late onset sepsis, defined using clinical and laboratorial 118 

findings and a positive blood culture; days of oxygen therapy; survival, and survival 119 

without major morbidities. 120 

Statistical analysis 121 

Categorical variables were compared using the chi-square association test or 122 

Fisher’s exact test, and numerical variables using Student’s t test and the Mann–123 

Whitney U test. Variables with a significance ≤0.20 in the bivariate analysis were 124 

considered in the logistic regression to determine the predictive factors of NIPPV 125 

failure and in the final model, they are expressed as odds ratios (ORs) and 95% 126 

confidence intervals (CIs). A Kaplan–Meier survival curve was used to estimate the 127 

time to NCPAP failure in both groups of NIPPV according to the log rank test (Mantel–128 

Cox). All statistical tests were two-sided, with a P value of <0.05 deemed significant. 129 

Analyses were performed using SPSS for Windows version 21.0 software (IBM 130 

Corporation, Armonk, NY). 131 

 132 

Results  133 

Of the 523 eligible patients, 156 newborns were included in the study. Of these, 134 

85 (54.5%) did not require tracheal intubation and IMV during the 72-hour period after 135 

initiating rescue NIPPV, and therefore constituted the NIPPV success group. The 136 

remaining 71 (45.5%) patients failed and were considered NIPPV failure group (Fig. 1). 137 
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The reasons for NIPPV failure, as described by the attending physician, were the 138 

need for a second dose of surfactant (42.3%), apnea (28.2%), increased respiratory 139 

effort (22.5%), and nasal septal trauma (7%). 140 

In this study, the mean (± SD) age of the mothers was 26.2 ± 6.9 years, and 141 

hypertension was observed in 77 (49.4%) pregnant women. Antenatal corticosteroids 142 

were administered to 141 (90.4%) mothers, and 92 (59%) births were by cesarean 143 

delivery. The neonates had a mean GA of 28.6 ± 2.0 weeks and a mean BW of 1084.4 ± 144 

227 g; 39 infants (25%) were SGA, and the median SNAPPE II score was 15.5 (8-26). 145 

Surfactant administration was done in 104 (66.6%) patients, and the first dose was 146 

administered at a median of 5 (1-48) hours of life. 147 

Table 1 shows the variables in the rescue NIPPV success and failure groups. 148 

The NIPPV failure group had a significantly younger GA, a lower BW, a greater 149 

percentage of newborns weighing ≤1000 g, a higher SNAPPE II score, and a greater 150 

need for pulmonary surfactant. A higher percentage of newborns were SGA in the 151 

NIPPV success group (p=0.08). No difference in the time to administration of the first 152 

surfactant dose was found. 153 

The main neonatal outcomes in both groups of preterm infants are shown in 154 

Table 2. Patients in the NIPPV failure group had higher rates of BPD, P/IVH, and PDA 155 

(all p≤0.01). Survival and survival without major morbidities were significantly (both 156 

p≤0.01) higher in the successful NIPPV group. 157 

In the final logistic regression model, the following variables remained 158 

significant for NIPPV failure: birth weight ≤1000 g and the need for surfactant (Table 159 

3). 160 



8 
 

The Kaplan–Meier survival curve demonstrates that NCPAP failure occurred 161 

earlier in premature infants who subsequently failed rescue NIPPV than in those who 162 

had success, although the difference was not statistically significant (p=0.09) (Fig. 2). 163 

 164 

Discussion 165 

In this study, NIPPV as a rescue therapy reduced the need for tracheal intubation 166 

and IMV in 85 (54.5%) of 156 neonates who failed NCPAP as a primary mode of 167 

respiratory support. Additionally, this group had better neonatal outcomes than the 71 168 

(45.5%) neonates in the group that failed NIPPV rescue therapy. 169 

Studies have shown promising results for NIPPV as a noninvasive respiratory 170 

support in some clinical settings [24-26]. Therefore, it is plausible to acknowledge its 171 

beneficial effects and indications in other situations, such as NIPPV rescue therapy. 172 

Preterm infants on NCPAP as a primary respiratory mode presenting apnea, requiring 173 

an increasing FiO2 or showing increased work of breathing are considered to have failed 174 

NCPAP and are commonly subjected to endotracheal intubation [27,28]. NIPPV may be 175 

used as a rescue therapy, augmenting the effectiveness of noninvasive respiratory 176 

support and therefore avoiding mechanical ventilation [29]. 177 

Ramos-Navarro et al. [15] evaluated the use of NIPPV as rescue therapy after 178 

initial NCPAP failure in a prospective observational study, and invasive ventilation was 179 

avoided in 16 (69.5%) of the 23 patients. Badiee et al. [16] analyzed data from 27 180 

patients and found a 74% success rate with rescue NIPPV after initial NCPAP failure. 181 

Both studies reported a higher rate of NIPPV success compared to the present study 182 

(54.5%). However, the studies included a small number of patients, and one of them 183 

used NIPPV in synchronized mode [15]. 184 
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In this retrospective cohort, the cesarean section rate was 59%, which can be 185 

explained by the presence of maternal comorbidities, particularly the high rate of 186 

hypertension (49.4%), which may have contributed to the significant percentage of SGA 187 

newborns (25%). The effects of intrauterine fetal restriction on lung development have 188 

not been fully elucidated [30] and some authors have found it to be a protective factor 189 

for RDS [31]. We found a higher rate of SGA newborns (p=0.08), as well as a higher 190 

GA (p<0.01) in the NIPPV success group. 191 

Patients with advanced resuscitation who are intubated in the delivery room, 192 

were not included in the study, which is consistent with the median Apgar scores of 7 193 

and 9 in the first and fifth minutes, respectively, in both groups. The SNAPPE II 194 

severity score was significantly higher in the NIPPV failure group; on the other hand, 195 

no difference was found regarding early-onset sepsis, which is also a risk factor for a 196 

more initially severe clinical condition [32,33].  197 

In this cohort, infants in the NIPPV failure group had a significantly lower GA 198 

and BW than those in the NIPPV success group, which was also demonstrated in a 199 

subgroup of patients with a BW ≤1000 g. Badiee et al. [16] found a similar result, 200 

although it was not statistically significant. Preterm birth at such a critical time of lung 201 

development, along with very low BW, are important factors that may contribute to the 202 

inadequate response to rescue NIPPV. Some authors support that synchronized NIPPV 203 

(SNIPPV) may further improve NIPPV efficacy with more efficient positive pressure 204 

transmission to the lung and better stabilization of the chest wall during inspiration, 205 

reducing intubation rates [34,35]. Others have not found SNIPPV vs NIPPV to be 206 

associated with a differential impact on clinical outcomes [36]. In this study, non-207 

synchronized NIPPV was used because of the lack of availability of the appropriate 208 
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ventilator, which is the most commonly used mode of NIPPV in neonatal practice 209 

[34,36]. 210 

In recent years, the use of antenatal corticosteroids combined with noninvasive 211 

ventilation and pulmonary surfactant has improved neonatal outcomes [25,37,38]. 212 

Among the 156 newborns in this study, 141 (90.4%) were exposed to antenatal 213 

corticosteroids, and 104 (66.6%) required exogenous surfactant replacement. In the 214 

present study, greater use of pulmonary surfactant (84.5% vs 50.6%, p<0.001) and later 215 

treatment in hours of life (5 vs 6, p=0.54) were found in the NIPPV failure group, than 216 

in the success group. The greater use of surfactant as well as early administration 217 

suggests increased severity of lung disease and might be considered risk factors for 218 

NIPPV failure in these patients. 219 

It is known that IMV is associated with several neonatal morbidities, including 220 

BPD, P/IVH, ROP, and NEC [39,40]. In a Cochrane review by Lemyre et al., despite 221 

showing that NIPPV reduced tracheal intubation rates compared to NCPAP, as primary 222 

modes of respiratory support, they did not find a decrease in the incidence of BPD [10]. 223 

However, a recent meta-analysis demonstrated a lower incidence of the composite 224 

outcome, BPD or death, with the use of NIPPV compared to NCPAP (0.74 [0.52, 0.98]) 225 

[41].  226 

In this study, the NIPPV success group had better outcomes regarding BPD, 227 

P/IVH, PDA, survival, and survival without major morbidities suggesting that this 228 

ventilatory support strategy may be an option for patients with initial NCPAP failure. 229 

Even though the duration of oxygen therapy was significantly higher in the NIPPV 230 

failure group, we did not find a difference in the incidence of ROP ≥ stage 3.  In most 231 

neonatal units it is current practice that initial NCPAP failure in preterm infants with 232 

RDS is an indication for tracheal intubation and IMV. The use of NIPPV as rescue 233 
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therapy might offer preterm infants with RDS an alternative ventilatory strategy to 234 

prevent invasive ventilation and adverse neonatal outcomes. 235 

Despite the wide use of noninvasive ventilation, a percentage of newborns will 236 

eventually fail this respiratory support, including NIPPV [39,41]. In our cohort, preterm 237 

infants with BW ≤1000 g and those who required pulmonary surfactant had a 238 

significantly higher likelihood of rescue NIPPV failure. We also observed that patients 239 

who failed rescue NIPPV also had earlier failure of initial NCPAP (p=0.09). Navarro et 240 

al. [15] found similar results when comparing NIPPV success rates between preterm 241 

infants who failed initial NCPAP before or after 3 days, demonstrating higher NIPPV 242 

success when NCPAP failure occurred after 3 days. A low BW, the need for pulmonary 243 

surfactant and early NCPAP failure suggest greater severity of lung disease. Studies are 244 

needed to identify which group of premature infants would most benefit from rescue 245 

NIPPV, and thus reduce the risks of IMV. 246 

Our study has some limitations. Its retrospective design precludes us from 247 

identifying the exact criteria used for NCPAP failure. While our unit has a protocol for 248 

indicating NIPPV rescue after NCPAP failure, the decision to do so was dependent on 249 

the judgement of the attending physician. It is also limited by the unavailability of 250 

additional information such as specific ventilatory or blood gas parameters.  251 

Very few studies regarding rescue NIPPV after initial NCPAP failure are 252 

available. This study describes the largest cohort to date of infants with NIPPV used as 253 

a rescue therapy, which was performed in a neonatal unit with extensive clinical 254 

experience with NIPPV, either as a primary mode, post-extubation, or after NCPAP 255 

failure.  256 

The use of rescue NIPPV decreased the need for invasive ventilation and 257 

associated morbidities in preterm neonates who failed initial NCPAP. Studies should be 258 
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conducted to identify infants who would most benefit from this noninvasive ventilatory 259 

strategy in a safe and effective manner. 260 

 261 

Additional information 262 

Conflict of interest 263 

The authors declare no competing financial interests 264 

 265 

Ethics approval and consent to participate 266 

The research complied with the ethical principles established in the Declaration of 267 

Helsinki and was submitted to the ethics committee of the Instituto de Medicina Integral 268 

Professor Fernando Figueira, IMIP, Recife, Brazil. CAAE: 27431919.0.0000.5201. 269 

Availability of data and materials 270 

The authors acknowledge that the data and materials are available to referees at 271 

submission and to readers promptly upon request.  272 

 273 

Funding 274 

The authors declare no funding for this research. 275 

 276 

Author contributions 277 

CI conceptualized the study, participated in the study design, data collection and data 278 

analysis, and wrote and revised the paper. JM conceptualized the study, participated in 279 

the study design and data analysis, and wrote and revised the paper. JA participated in 280 

the study design, data analysis and revision. JC participated in the study design and data 281 

collection. EA participated in the data analysis. VB conceptualized the study, 282 

participated in the study design, and revised the paper.283 



13 
 

References 284 

 285 

1.  Owen LS, Manley BJ, Davis PG, Doyle LW. The evolution of modern 286 

respiratory care for preterm infants. The Lancet [Internet]. 2017;389(10079):1649–59. 287 

Available from: http://dx.doi.org/10.1016/S0140-6736(17)30312-4 288 

2.  Horbar JD, Edwards EM, Greenberg LT, Morrow KA, Soll RF, Buus-Frank ME, 289 

et al. Variation in performance of neonatal intensive care units in the United States. 290 

JAMA Pediatrics. 2017 Mar 1;171(3).  291 

3.  Jensen EA, Schmidt B. Epidemiology of bronchopulmonary dysplasia. Birth 292 

Defects Research Part A - Clinical and Molecular Teratology. 2014;100(3):145–57.  293 

4.  Higgins RD, Jobe AH, Koso-Thomas M, Bancalari E, Viscardi RM, Hartert T v., 294 

et al. Bronchopulmonary Dysplasia: Executive Summary of a Workshop. Journal of 295 

Pediatrics [Internet]. 2018;197:300–8. Available from: 296 

https://doi.org/10.1016/j.jpeds.2018.01.043 297 

5.  Dumpa V, Bhandari V. Non-invasive ventilatory strategies to decrease 298 

bronchopulmonary dysplasia—where are we in 2021? Children. 2021;8(2):1–11.  299 

6.  Fischer HS, Bührer C. Avoiding endotracheal ventilation to prevent 300 

bronchopulmonary dysplasia: A meta-analysis. Pediatrics. 2013;132(5).  301 

7.  Behnke J, Lemyre B, Czernik C, Zimmer KP, Ehrhardt H, Waitz M. Non-302 

invasive ventilation in neonatology. Deutsches Aerzteblatt Online. 2019 Mar 7;  303 

8.  Alexiou S, Panitch HB. Physiology of non-invasive respiratory support. 304 

Seminars in Fetal and Neonatal Medicine [Internet]. 2016;21(3):174–80. Available 305 

from: http://dx.doi.org/10.1016/j.siny.2016.02.007 306 

9.  Owen LS, Manley BJ. Nasal intermittent positive pressure ventilation in preterm 307 

infants: Equipment, evidence, and synchronization. Seminars in Fetal and Neonatal 308 



14 
 

Medicine [Internet]. 2016;21(3):146–53. Available from: 309 

http://dx.doi.org/10.1016/j.siny.2016.01.003 310 

10.  Lemyre B, Laughon M, Bose C, Davis PG. Early nasal intermittent positive 311 

pressure ventilation (NIPPV) versus early nasal continuous positive airway pressure 312 

(NCPAP) for preterm infants. Cochrane Database of Systematic Reviews. 313 

2016;2016(12).  314 

11.  Lemyre B, Davis PG, de Paoli AG, Kirpalani H. Nasal intermittent positive 315 

pressure ventilation (NIPPV) versus nasal continuous positive airway pressure 316 

(NCPAP) for preterm neonates after extubation. Vol. 2017, Cochrane Database of 317 

Systematic Reviews. John Wiley and Sons Ltd; 2017.  318 

12.  Jensen EA, Chaudhary A, Bhutta ZA, Kirpalani H. Non-invasive respiratory 319 

support for infants in low- and middle-income countries. Seminars in Fetal and 320 

Neonatal Medicine. 2016;21(3):181–8.  321 

13.  Dargaville PA, Aiyappan A, de Paoli AG, Dalton RGB, Kuschel CA, Kamlin 322 

CO, et al. Continuous positive airway pressure failure in preterm infants: Incidence, 323 

predictors and consequences. Neonatology. 2013;104(1):8–14.  324 

14.  de Jaegere AP, van der Lee JH, Canté C, van Kaam AH. Early prediction of 325 

nasal continuous positive airway pressure failure in preterm infants less than 30 weeks 326 

gestation. Acta Paediatrica, International Journal of Paediatrics. 2012;101(4):374–9.  327 

15.  Ramos-Navarro C, Sanchez-Luna M, Sanz-López E, Maderuelo-Rodriguez E, 328 

Zamora-Flores E. Effectiveness of Synchronized Noninvasive Ventilation to Prevent 329 

Intubation in Preterm Infants. American Journal of Perinatology Reports. 2016 Aug 330 

4;06(03):e264–71.  331 

16.  Badiee Z, Nekooie B, Mohammadizadeh M. Noninvasive Positive Pressure 332 

Ventilation or Conventional Mechanical Ventilation for Neonatal Continuous Positive 333 



15 
 

Airway Pressure Failure. Int J Prev Med [Internet]. 2014;5(8). Available from: 334 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258678/?report=printable 335 

17. Bhandari V. Nasal intermittent positive pressure ventilation in the newborn: 336 

Review of literature and evidence-based guidelines. Journal of Perinatology [Internet]. 337 

2010;30(8):505–12. Available from: http://dx.doi.org/10.1038/jp.2009.165 338 

18.  Meneses J, Bhandari V, Guilherme Alves J, Herrmann D. Noninvasive 339 

Ventilation for Respiratory Distress Syndrome: A Randomized Controlled Trial. 340 

PEDIATRICS. 2011 Feb 1;127(2):300–7.  341 

19.  Olsen IE, Groveman SA, Lawson ML, Clark RH, Zemel BS. New intrauterine 342 

growth curves based on United States data. Pediatrics. 2010;125(2).  343 

20.  Richardson DK, Corcoran JD, Escobar GJ, Lee SK. SNAP-II and SNAPPE-II: 344 

Simplified newborn illness severity and mortality risk scores. Journal of Pediatrics. 345 

2001;138(1):92–100. 346 

21. Quinn GE. The international classification of retinopathy of prematurity 347 

revisited: An international committee for the classification of retinopathy of 348 

prematurity. Archives of Ophthalmology. 2005;123(7):991–9. 349 

22. Papile L, Burnstein J, Burnstein R, Koffelertt. Incidence and evolution of 350 

subependyma and intraventricular hemorrhage: a study of infants with birthweight less 351 

than 1500g. Journal of Pediatrics. 1978;92(4):529–33. 352 

23. Walsh MC, Kliegman RM. Necrotizing enterocolitis: Treatment based on 353 

staging criteria. Pediatric Clinics of North America [Internet]. 1986;33(1):179–201. 354 

Available from: http://dx.doi.org/10.1016/S0031-3955(16)34975-6 355 

24.  Shi Y, Muniraman H, Biniwale M, Ramanathan R. A Review on Non-invasive 356 

Respiratory Support for Management of Respiratory Distress in Extremely Preterm 357 

Infants. Frontiers in Pediatrics. 2020;8(May):1–17.  358 



16 
 

25.  Soll RF, Barkhuff W. Noninvasive Ventilation in the Age of Surfactant 359 

Administration. Clinics in Perinatology. 2019;46(3):493–516.  360 

26.  Lemyre B, Davis PG, de Paoli AG. Nasal intermittent positive pressure 361 

ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for 362 

apnea of prematurity. Cochrane Database of Systematic Reviews. 2003 Nov 21;  363 

27.  Gulczyńska E, Szczapa T, Hożejowski R, Borszewska-Kornacka MK, 364 

Rutkowska M. Fraction of Inspired Oxygen as a Predictor of CPAP Failure in Preterm 365 

Infants with Respiratory Distress Syndrome: A Prospective Multicenter Study. 366 

Neonatology. 2019;116(2):171–8.  367 

28.  Rüegger CM, Owen LS, Davis PG. Nasal Intermittent Positive Pressure 368 

Ventilation for Neonatal Respiratory Distress Syndrome. Clinics in Perinatology 369 

[Internet]. 2021;48(4):725–44. Available from: 370 

https://doi.org/10.1016/j.clp.2021.07.004 371 

29.  Ekhaguere O, Patel S, Kirpalani H. Nasal Intermittent Mandatory Ventilation 372 

Versus Nasal Continuous Positive Airway Pressure Before and After Invasive 373 

Ventilatory Support. Clinics in Perinatology. 2019;46(3):517–36.  374 

30.  McGillick E v., Orgeig S, Williams MT, Morrison JL. Risk of Respiratory 375 

Distress Syndrome and Efficacy of Glucocorticoids: Are They the Same in the 376 

Normally Grown and Growth-Restricted Infant? Reproductive Sciences. 377 

2016;23(11):1459–72.  378 

31.  Malhotra A, Sasi A, Miller SL, Jenkin G, Polglase GR. The efficacy of 379 

surfactant replacement therapy in the growth-restricted preterm infant: What is the 380 

evidence? Frontiers in Pediatrics. 2014;2(OCT):1–5.  381 



17 
 

32.  Harsha SS, Archana BR. SNAPPE-II (score for neonatal acute physiology with 382 

perinatal extension-II) in predicting mortality and morbidity in NICU. Journal of 383 

Clinical and Diagnostic Research. 2015;9(10):SC10–2. 384 

33. Flannery DD, Edwards EM, Puopolo KM, Horbar JD. Early-onset sepsis among 385 

very preterm infants. Pediatrics. 2021;148(4). 386 

34.  Moretti C, Gizzi C. Synchronized Nasal Intermittent Positive Pressure 387 

Ventilation. Clinics in Perinatology. 2021;48(4):745–59.  388 

35.  Waitz M, Mense L, Kirpalani H, Lemyre B. Nasal Intermittent Positive Pressure 389 

Ventilation for Preterm Neonates: Synchronized or Not? Clinics in Perinatology 390 

[Internet]. 2016;43(4):799–816. Available from: 391 

http://dx.doi.org/10.1016/j.clp.2016.07.013 392 

36.  Dumpa V, Katz K, Northrup V, Bhandari V. SNIPPV vs NIPPV: Does 393 

synchronization matter. Journal of Perinatology [Internet]. 2012;32(6):438–42. 394 

Available from: http://dx.doi.org/10.1038/jp.2011.117 395 

37.  Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, te Pas A, et al. 396 

European Consensus Guidelines on the Management of Respiratory Distress Syndrome 397 

- 2019 Update. Neonatology. S. Karger AG; 2019. p. 432–50.  398 

38.  Sardesai S, Biniwale M, Wertheimer F, Garingo A, Ramanathan R. Evolution of 399 

surfactant therapy for respiratory distress syndrome: Past, present, and future. Pediatric 400 

Research. 2017;81(1–2):240–8.  401 

39.  Isayama T, Iwami H, McDonald S, Beyene J. Association of 402 

noninvasiveventilation strategies withmortality and bronchopulmonarydysplasiaamong 403 

preterm infants: A systematic review and meta-analysis. In: JAMA - Journal of the 404 

American Medical Association. American Medical Association; 2016. p. 611–24.  405 



18 
 

40.  Chan KYY, Miller SL, Schmölzer GM, Stojanovska V, Polglase GR. 406 

Respiratory Support of the Preterm Neonate: Lessons About Ventilation-Induced Brain 407 

Injury From Large Animal Models. Frontiers in Neurology. 2020;11(August):1–14.  408 

41.  Ramaswamy VV, More K, Roehr CC, Bandiya P, Nangia S. Efficacy of 409 

noninvasive respiratory support modes for primary respiratory support in preterm 410 

neonates with respiratory distress syndrome: Systematic review and network meta-411 

analysis. Pediatric Pulmonology. 2020;55(11):2940–63.  412 



19 
 

 413 


