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Abstract 23 

Background: Early continuous positive airway pressure (CPAP) and surfactant replacement 24 

are effective treatments for neonatal respiratory distress syndrome (RDS). CPAP is first-line in 25 

preterm infants needing respiratory support, with surfactant replacement in case of CPAP failure 26 

(CPAP-F).  27 

Objectives: To analyze incidence and factors associated with CPAP-F in preterm infants with 28 

RDS.  29 

Design and setting and patients: Single-center, retrospective database analysis (2004–2017) 30 

of inborn infants, gestational age (GA) 24+0/7 to 31+6/7 weeks, not intubated on admission to 31 

the neonatal intensive care unit, managed with CPAP. CPAP-F was defined as intubation and 32 

surfactant administration in the first 72 hours of life; CPAP success (CPAP-S) was CPAP alone 33 

without need for additional RDS treatments. Demographic, respiratory and clinical data 34 

associated with CPAP-F were studied using logistic regression analysis. 35 

Results: A total of 562 infants met the inclusion criteria: 252 (44.8%) were CPAP-F and 310 36 

(55.2%) were CPAP-S. The CPAP-F, compared to CPAP-S group, had lower GA and birth 37 

weight, and were less likely to receive antenatal steroids or to be vaginal births. Logistic 38 

regression showed that the fraction of inspired oxygen (FiO2)≥0.23 between 180–240 minutes of 39 

life (FiO2 180–240’) was the strongest factor associated with CPAP-F (OR 16.01 [95% CI 40 

10.34–24.81]).  41 

Conclusion: FiO2 180–240’ was highly predictive of CPAP-F in preterm infants. With this model 42 

for surfactant administration/CPAP-F, 11.2% of infants would have unnecessarily received 43 

treatment, but importantly 27.7% would have been treated much earlier, with a potential 44 

reduction in air leaks and duration of mechanical ventilation. 45 

  46 
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Introduction 47 

Exogenous surfactant therapy is an effective treatment for neonatal respiratory distress 48 

syndrome (RDS), reducing both the severity of respiratory distress and mortality, especially in 49 

very low birth weight (BW) preterm infants [1–3]. Prophylactic surfactant administration has 50 

similar efficacy to early nasal continuous positive airway pressure (CPAP) in terms of mortality 51 

or bronchopulmonary dysplasia (BPD), especially in preterm infants who have mostly received 52 

antenatal steroids (ANS) [4–8]. Importantly, however, compared with later administration, early 53 

surfactant treatment decreases the risk of air leak, mortality, BPD, and the duration of 54 

mechanical ventilation (MV) [9–12].  55 

Several factors are associated with CPAP failure (CPAP-F), including low BW, low gestational 56 

age (GA), male gender [13–16], cesarean section (CS) [15] or Apgar score [13–15], but the role 57 

of early predictors is not clear. Different studies examining the fraction of inspired oxygen (FiO2) 58 

in the first hours of life to predict CPAP-F produced variable results [17–20]. Furthermore, the 59 

optimal FiO2 threshold for surfactant administration is still unclear [13,14,16,17,21] because all 60 

these studies not reach the same result.  61 

In the 2019 the European guidelines on the management of RDS (21), have suggested a 62 

uniform FiO2 threshold of >0.30 for surfactant administration for all gestational age (GA), 63 

differently from the version before (22), but this is based on an expert consensus, not on a 64 

clinical trial.  65 

In the current study, we analyzed the incidence and factors associated with CPAP-F in a very 66 

large cohort of preterm infants born in Marche Region (Italy) to identify early predictors of 67 

CPAP-F.   68 
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Materials and methods  69 

Study design 70 

This was a retrospective database analysis. Data were collected prospectively into the database 71 

according to predefined definitions, which did not change during the study period. 72 

Participants 73 

We included all consecutive admissions to our regional neonatal intensive care unit (NICU), 74 

from January 2004 to December 2017 of inborn preterm infants with GA between 24+0/7 and 75 

31+6/7 weeks, managed with CPAP as primary respiratory support for neonatal RDS. All infants 76 

born in the Marche region with GA of less than 32 weeks are either born at or immediately 77 

transferred after birth to our center. Exclusion criteria from the current analyses were: 1) BW < 78 

400 g; 2) major congenital malformations; 3) endotracheal intubation at admission; 4) 79 

endotracheal intubation for non-respiratory indications (surgery or sepsis); 5) no ventilatory 80 

support during the first 3 days; 6) start of CPAP support after 3 hours of life; 7) violations of the 81 

institutional protocol for surfactant administration; 8) incomplete clinical data. 82 

Ventilatory support 83 

In the delivery room, spontaneously breathing preterm infants were started on nasal CPAP (4–8 84 

cmH2O), using facial mask and T-piece device (Neopuff, Fisher and Pykel, Auckland, New 85 

Zealand), with FiO2 initially set to 0.30 and subsequently adjusted to obtain preductal pulse 86 

oxygen saturation values of approximately 90%. Non-invasive positive pressure ventilation by 87 

facemask was performed for persistent apnea or bradycardia. Infants were intubated if a 88 

preductal pulse oxygen saturation >85% was not reached or resuscitation was needed. 89 

Infants stabilized on CPAP in the delivery room, were transported to the NICU, and were then 90 

switched to variable flow (InfantFlow, Care Fusion, Yorba Linda, CA, USA) or constant flow 91 

CPAP (Babylog 8000, Draeger Medical, Lübeck, Germany), optimized with a positive end-92 

expiratory pressure (PEEP) of 4–8 cmH2O. CPAP-F was defined as the need for surfactant 93 
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administration due to at least one of: 1) FiO2 > 0.30 and PEEP ≥ 4cmH2O, to maintain a 94 

preductal oxygen saturation of 86–92%, for ≥ 30 minutes; 2) Respiratory acidosis, defined as 95 

pH <7.20 with pCO2 >65mmHg, in arterial or arterialized capillary blood; 3) Apnea unresponsive 96 

to stimulation or caffeine. Criteria for exogenous surfactant therapy did not change during the 97 

study period.  98 

Patients failing CPAP were intubated for surfactant administration. Neonates were ventilated for 99 

the shortest time possible using gentle ventilation.  100 

Poractant-α therapy (Curosurf, Chiesi Farmaceutici SpA, Parma, Italy) was indicated when FiO2 101 

was > 0.30–0.40 with 10% tolerance. The first dose administered was 100 mg/kg between 102 

2004–2009, and 200 mg/kg between 2010–2017. Subsequent doses were 100 mg/kg 103 

throughout the study period [23].  104 

Outcomes 105 

We recorded in the clinical chart the occurrence of major adverse outcomes, defined according 106 

with Vermont Oxford Network definitions [24], and death before discharge or at 36 weeks of GA. 107 

Outcomes of interest were: duration of MV, pneumothorax, BPD, patent ductus arteriosus 108 

(PDA), necrotizing enterocolitis (NEC), intraventricular hemorrhage (IVH)>II degree, retinopathy 109 

of prematurity (ROP) > II degree.  110 

FiO2 data used for this study were collected in the clinical charts of patients hourly from birth to 111 

discharge or by electronic records when available. The hourly FiO2 reported was the highest 112 

FiO2 (sustained for at least 15 min) in the time epoch recorded, as long as it was not related to 113 

pain or suctioning of the infants. 114 

Statistical analysis 115 

Data were tested for normality with the Shapiro-Wilk test, with the results expressed as mean 116 

and standard deviation, median and interquartile range, or frequency and percentage. Data 117 

were analyzed using Student’s t-test or Wilcoxon rank-sum test for continuous data, and chi-118 
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square or Fisher’s exact test for categorical variables. A two-tailed p-value <0.05 was 119 

considered significant.  120 

A Decision Tree analysis was used to evaluate different dependent variables (FiO2 between 121 

0.21 to 0.30 in the first six hours of life, GA, BW, gender, type of delivery, 5’ Apgar), to identify 122 

the best predictive model for early CPAP-F [25]. Resulting outcome values were tested using 123 

receiver operating characteristic (ROC) curves. Areas under the curve (AUC), sensitivity and 124 

specificity were determined. Statistical analysis was performed using SPSS 23.0 (IBM, Chicago, 125 

IL, USA) and MATLAB 8.0 (The MathWorks, Inc., Natick, MA, USA).  126 
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Results 127 

From 2004 to 2017, 1444 infants with GA between 24+0/7 and 31+6/7 weeks and BW > 400 g 128 

were admitted to our regional NICU, 859 of whom were excluded from these analyses (187 129 

were outborn, 419 were intubated before NICU admission, 148 received no respiratory support 130 

in the first three days, 63 started CPAP after 3 hours of life, and 42 had incomplete data). Of 131 

585 eligible patients, 23 were excluded (ten were intubated for surgical reasons, 13 received 132 

surfactant off protocol). Five hundred sixty-two patients received CPAP as primary respiratory 133 

support for neonatal RDS and met inclusion criteria (Figure 1). 134 

During the study period, there were two epochs 2004–2009 and 2010–2017, corresponding to 135 

the routine use of 100 and 200 mg/kg as first dose of exogenous surfactant respectively. There 136 

was no difference between these epochs in GA or BW, SGA or multiple birth, and other 137 

demographic data, however the incidence of primary intubation, surfactant administration, 138 

death, and death or BPD were significantly lower in the second epoch (data not shown). 139 

However, in the 562 study patients who could be stabilized on CPAP, the incidence of 140 

surfactant administration, BPD, death, and death or BPD did not differ between the epochs 141 

(data not shown). 142 

Among the patients stabilized on CPAP, 310 (55.2%) were classified as CPAP success (CPAP-143 

S), and 252 (44.8%) as CPAP-F.  144 

Compared to CPAP-S, the CPAP-F group had lower GA (p=0.001), BW (p=0.019), and ANS 145 

use (p=0.010), and were more likely to have been born via CS (p=0.002) (Table 1, with the 146 

absolute numbers and proportions by GA in Figure 2 A and B, respectively). In addition, the 147 

CPAP-F group had a longer duration of respiratory support (either MV or non-invasive 148 

ventilation), and higher incidence of adverse outcomes or death than CPAP-S infants (Table 2).  149 

The best predictor of CPAP-F in the Decision Tree analysis was FiO2≥0.23 between 180 and 150 

240 minutes of life (FiO2 180–240’). The other variables tested were rejected by the statistical 151 

model. In the ROC curve analysis, FiO2 180–240’ was also strongly associated with CPAP-F 152 
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(AUC 0.86, sensitivity 84%, specificity 80%). Results were similar in the two epochs 2004–2009 153 

and 2010–2017 (AUC 0.83 and 0.84, sensitivity 84% and 79%, specificity 77% and 80%, 154 

respectively) and when tested in infants with GA 24–28 weeks and 29–31 weeks (AUC 0.90 and 155 

0.84, sensitivity 88% and 82%, specificity 84% and 79%, respectively).  156 

At the time point between 180-240 minutes of life, CPAP level and the FiO2 were higher in 157 

CPAP-F than CPAP-S (6 [4-6] cmH2O vs 4 [4-6] cmH20 respectively, and 0.27 [0.23-0.30] vs 158 

0.21 [0.21-0.21] respectively, p<0.000 and <0.000) and this can reflect a more serious 159 

respiratory impairment in CPAP failure group.  160 

At the time point of 180-240 minutes 66 infants were intubated. 161 

The median age at surfactant administration was 7.1 hours [interquartile range (IQR): 3.9–14.3], 162 

with median FiO2 before surfactant administration 0.30 [IQR: 0.30–0.40]. The time delay was 163 

calculated between the actual surfactant administration and hypothetical timing based on 164 

reaching an FiO2 180–240’. The median time delay was 6.0 [IQR: 2.0–15.4] hours. Had we used 165 

this model for surfactant administration, we would have treated 63 infants (11.2%) who did not 166 

actually receive exogenous surfactant, and 156 infants (27.7%) would have been treated at a 167 

median of 6.0 [IQR: 2.0–15.4] hours earlier. 168 

After logistic regression FiO2 180–240’ was overall predictive of CPAP-F, either in infants with 169 

GA between 24–28 weeks, and in those with GA 29–31 weeks (Table 3).  170 

171 
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Discussion 172 

Early CPAP is the preferred strategy for RDS treatment in preterm infants with adequate 173 

respiratory drive [22]. However, there is no consensus on early predictors of CPAP-F, perhaps 174 

due to heterogeneity of previous study groups and differences in the definition of CPAP-F [17–175 

20]. Dargaville and colleagues [17] found that FiO2≥0.30 in the first hours of life was a good 176 

predictor, whereas De Jaegere et al [18] found a threshold of FiO2=0.25 in the first two hours 177 

was a predictor, and Rocha et al [19] found a threshold of FiO2=0.25 in the first 4 hours of life 178 

had predictive value, but only for male preterm infants, with a threshold of FiO2=0.40 179 

independent of gender. More recently, Gulczynska and colleagues [20] reported that FiO2=0.29 180 

in the second hour of life was a good predictor, although unlike in other studies, the CPAP-S 181 

group included patients who received early surfactant administration (via less invasive 182 

surfactant administration or intubation-surfactant-extubation techniques) and who could be 183 

successfully extubated and maintained on CPAP. Finally, in two previous studies alveolar gas 184 

exchange did not predict early CPAP-F [15,16], whereas in a third study the alveolar-arterial 185 

oxygen tension gradient was a significant predictor [13]. 186 

In our study, FiO2 180–240’ was highly predictive for CPAP-F in infants <32 weeks GA. This 187 

threshold appears to be a good predictor both for extremely preterm (≤28 weeks GA), and 188 

preterm infants (>28 weeks). In the logistic regression analysis, the most important factor for 189 

CPAP-F was FiO2 180–240’ in both GA groups. Although our data are consistent with previous 190 

studies in identifying FiO2 as the best predictor of CPAP-F, the threshold that we identified was 191 

lower than in these previous studies. In our view 180–240 minutes is a reasonable time point to 192 

assess FiO2, as 3–4 h after birth most infants have likely reached “stabilization”. Furthermore, 193 

FiO2 ≥0.23 may represent, in most patients, an early sign of the onset of RDS, typically starting 194 

as mild then progressively worsening, and clinically presenting as increased work of breathing, 195 

sternal recession and increasing oxygen requirements. As expected, GA impacted the 196 

incidence of CPAP-F, becoming less frequent at higher GA. However, it is of interest that infants 197 
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with lower and higher GA showed a remarkably similar threshold for CPAP-F. This adds further 198 

support to our view that this FiO2 threshold typically reflects the early phase of RDS. Our 199 

interpretation is that GA affects the incidence of CPAP-F (more cases occur at low GA), but the 200 

pattern of oxygen dependency of patients who will eventually develop mild RDS is similar 201 

regardless of GA.  202 

Our model predicts the need for surfactant treatment with good sensitivity and specificity (84% 203 

and 80%, respectively). Had we used this model for surfactant administration, 11.2% of the 204 

infants would have received an unnecessary treatment, but importantly 27.7% would have 205 

received surfactant treatment on average six hours earlier than actually happened. Early 206 

surfactant initiation in RDS has been shown to reduce the risk of air leak and the duration of MV 207 

[10-12], although the cost-benefit of this approach needs further studying. Previous studies 208 

found that infants that failed CPAP had a higher rate of adverse outcomes compared with 209 

CPAP-S [13-14]. Our results are consistent with these data (Table 3).  210 

We acknowledge several limitations of this study: first, we had a high rate of intubation in the 211 

delivery room for the low GA infants (>50% for <28 weeks’ GA). This percentage was similar to 212 

other studies [15], but higher than in others [13]. This could be partly explained by the distance 213 

between the delivery room and the NICU at our institution, and this in turn may have influenced 214 

the prediction of CPAP-F by excluding from our CPAP cohort some cases with intermediate 215 

severity. Other limitations are the long timespan of the study and the fact that we did not 216 

perform early lung ultrasound. The long-time span of the study however can also be viewed as 217 

a strength, as the prediction model held true in both study epochs. The change in surfactant 218 

dosing between the two epochs (an intervention that occurred after diagnosis of CPAP-F) was 219 

not relevant to the purpose of the present study, although we acknowledge that the dose of 220 

exogenous surfactant might have influenced some outcome data, as may the long duration of 221 

the study. For these reasons, we preferred not to discuss outcomes data. Another point that 222 

needs discussion is the FiO2 threshold used for CPAP-F and thus for exogenous surfactant 223 
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administration (FiO2 > 0.30 and PEEP ≥ 4cmH2O). We used a lower FiO2 than other studies 224 

and could have resulted in higher CPAP-F rate compared to other studies (13,15,17), but this 225 

was not the case (14,16). Some differences among studies may reflect differences in CPAP-F 226 

definition and inclusion criteria. Please note that the FiO2 threshold for CPAP-F we have been 227 

using at our institution since 2002 was similar to that recommended by the 2019 RDS European 228 

guidelines (21). Finally, the retrospective nature of this study is a limitation, although all 229 

definitions were pre-specified, data were prospectively collected, and the criteria for surfactant 230 

administration used by our center did not change during the study period. Despite these 231 

limitations, our predictive model, based on data from 562 infants, shows a better fit than other 232 

published studies [13,17,20], with accuracy, sensitivity and specificity being also somewhat 233 

better than in other studies. More importantly, our model was valid across different GAs and a 234 

relatively long study period. Our model possibly detects the early phase of mild RDS that occurs 235 

only in a variable proportion of the patients who will develop the typical clinical pattern of 236 

increasing oxygen dependency  237 

 238 

Conclusion 239 

In conclusion, in our cohort we found that an FiO2 ≥0.23 at 180–240’ was a good predictor of 240 

CPAP-F in preterm infants <32 weeks GA and was valid across a wide GA range and two study 241 

epochs. The accuracy of this model across GA support the notion that is possible to standardize 242 

the FiO2 threshold for surfactant treatment across GAs from 24 to <32 weeks. We speculate 243 

that a lower FiO2 threshold for surfactant administration could reduce both the delay of 244 

treatment and the risk of adverse events.  245 

Further studies are needed to confirm the clinical relevance of our model.  246 

  247 
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What is already known on this topic:  Early CPAP is the preferred strategy for RDS treatment in 268 

preterm infants with adequate respiratory drive. However, there is no consensus on early 269 

predictors of CPAP failure regarding the FiO2 threshold in the first hours of life. 270 

What this study adds:  In our study, a FiO2≥0.23 between 180 and 240 minutes of life was highly 271 

predictive for CPAP failure in infants <32 weeks GA. It can reflect the onset of RDS and can 272 

help to anticipate surfactant administration.  273 
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