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Abstract

Objective—Examine the effect of off-label surfactant on mortality and morbidity in more mature 

and larger premature infants diagnosed with respiratory distress syndrome (RDS).

Study design—Cohort study of premature infants born at 30–36 weeks, birth weight > 2 kg, and 

a diagnosis of RDS. We compared the odds of mortality and morbidity between infants who were 

exposed vs unexposed to surfactant. We used a treatment effects model to balance covariates 

between groups.

Results—Of 54,964 included infants, 25,278 (46%) were exposed to surfactant. The frequency 

of mortality and morbidities were higher in the exposed group in unadjusted analyses. Following 

adjustment with a doubly robust treatment effects model, we found no significant treatment effect 

of surfactant on mortality or morbidity.

Conclusion—Surfactant exposure is not associated with reduced or increased mortality or 

morbidity in more mature premature infants with RDS.

Respiratory distress syndrome (RDS) due to surfactant deficiency is a common cause of 

mortality and long-term morbidity in premature infants. The incidence of RDS is more 

common in infants born <29 weeks gestational age (GA) compared with late preterm infants 

Wesley Jackson, wesley.jackson@unc.edu.
Author contributions WJ, MML, DKB, and CPH conceived and designed the analysis. WJ and DKB performed the analysis and 
wrote the first draft of the manuscript. CPH, MML, GT, NAB, KZ, RC, and RGG reviewed and made significant edits to the 
manuscript.

Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of interest.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

HHS Public Access
Author manuscript
J Perinatol. Author manuscript; available in PMC 2021 April 08.

Published in final edited form as:
J Perinatol. 2020 August ; 40(8): 1171–1177. doi:10.1038/s41372-020-0625-1.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[1, 2]. Complications of RDS and the subsequent use of mechanical ventilation include air 

leak syndrome (i.e., pneumothorax and pulmonary interstitial emphysema), 

bronchopulmonary dysplasia (BPD), and mortality [3, 4].

Three animal derived surfactant preparations are approved by the FDA for the prevention or 

treatment of RDS: beractant, calfactant, and poractant alfa [5–7]. Following the widespread 

introduction of exogenous surfactant and antenatal steroids in the 1990s, RDS-related 

mortality and air leak syndrome were reduced in extremely premature infants [1, 8]. Current 

FDA labeling for these products includes specific GA and birth weight (BW) ranges based 

on inclusion criteria from randomized clinical trials of surfactants [3, 9–13]. All surfactant 

use in infants with GA 30–36 weeks and BW > 2 kg is considered off-label. Infants in this 

GA and BW range have a lower incidence of RDS-related mortality and morbidity compared 

with less mature and smaller infants [1, 2].

A recent study using data from the Pediatrix Medical Group found that the majority of 

surfactant given to premature infants is administered off-label due to its common use in 

more mature and larger infants [14]. While the use of surfactant to prevent and treat RDS in 

these larger, more mature infants is often routine, there is a paucity of data on the relative 

safety and effectiveness of surfactant in this population. The objective of this study was to 

examine the association between surfactant administration and mortality and morbidity in 

premature infants with GA 30–36 and BW > 2 kg. We hypothesized that surfactant use in 

this population is not associated with decreased mortality, air leak syndrome, pulmonary 

hemorrhage, or BPD.

Materials/subjects and methods

We obtained data from the Pediatrix Medical Group Clinical Data Warehouse, which 

prospectively captures information entered into an electronic health record system by 

clinicians at 392 US NICUs within the Pediatrix Medical Group between 1997 and 2016 

[15]. We identified infants discharged from 2006 to 2016 with a diagnosis of RDS, based on 

clinical judgment by the treating neonatologist and documented in the clinical note, in the 

first 3 postnatal days, GA 30–36 weeks, and BW > 2 kg. We included infants who received 

≥1 dose of beractant, calfactant, or poractant alfa in the first 3 postnatal days as the off-label 

exposure group and infants who were unexposed to surfactant during the hospitalization as 

the comparison group. Infants transferred to units outside of the Pediatrix Medical Group 

were excluded from the analysis. We excluded infants with meconium aspiration syndrome 

or congenital diaphragmatic hernia, infants who received more than one type of surfactant or 

a surfactant other than beractant, calfactant, or poractant alfa, and those who received the 

first dose of surfactant after the third postnatal day (Fig. 1). The study was approved by the 

Duke University Institutional Review Board as exempt research.

We reported demographic and clinical variables for infants exposed and unexposed to 

surfactant and the frequency of all-cause mortality before discharge, air leak syndrome 

(pneumothorax or pulmonary interstitial emphysema) within the first 3 postnatal days, 

pulmonary hemorrhage within the first 3 postnatal days, and BPD. Air leak syndrome and 

pulmonary hemorrhage were identified based on abstraction from clinical notes. We defined 

Jackson et al. Page 2

J Perinatol. Author manuscript; available in PMC 2021 April 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



BPD in infants <32 weeks GA as receipt of supplemental oxygen or respiratory support 

(nasal cannula, continuous positive airway pressure (CPAP), or mechanical ventilation) 

continuously from a corrected GA of 360/7–366/7 weeks. In infants ≥32 weeks GA, BPD was 

defined by the receipt of supplemental oxygen or respiratory support continuously from a 

postnatal age of 28–34 days [16]. We recorded the maximum fraction of inspired oxygen 

(FiO2) based on clinical notes in the first 3 postnatal days, as well as the highest level of 

respiratory support in the first 3 postnatal days from the following ascending levels: room air 

(no support), noninvasive support (including hood oxygen, low-flow and high-flow nasal 

cannula, nasal CPAP, and noninvasive positive pressure ventilation), conventional 

mechanical ventilation, and high-frequency mechanical ventilation.

Statistical analyses

We compared the frequency of mortality and morbidities between infants exposed and 

unexposed to surfactant using the chi square test for categorical variables or the Wilcoxon 

rank-sum test for continuous variables. We used multivariable logistic regression to compare 

mortality, air leak, pulmonary hemorrhage, and BPD in infants exposed and unexposed to 

surfactant. We presented the results as odds ratios (ORs) with 95% confidence intervals 

following model adjustment for the following a priori covariates: GA group (30–33 

weeks/34–36 weeks), BW group (2.001–2.499 kg/ 2.500–3.499 kg/ ≥ 3.500 kg), sex (male/

female), maternal race (white/black/Hispanic/other), antenatal steroids (yes/ no), cesarean 

section (yes/no), Apgar score at 5 min (0–10), inborn status (yes/no), prolonged rupture of 

membranes (yes/no), discharge year (2006–2016), and highest respiratory support level 

(room air/noninvasive support/conventional mechanical ventilation/high-frequency 

mechanical ventilation) and FiO2 (0.21–1.0) in the first 3 postnatal days.

Because key factors, such as respiratory support level and FiO2, differed substantially 

between treated and untreated patients, we preferentially used a treatment effects model to 

compare outcomes in infants exposed and unexposed to surfactant. The approach, inverse-

probability-weighted regression adjustment (IPWRA), weights subjects by the inverse of the 

conditional probability of treatment exposure as a function of model covariates, rather than 

weighting subjects equally (as in conventional regression analysis). This approach yields 

estimated coefficients based on a sample in which the treatment group has clinical features 

similar to the untreated group, and thus isolates the effect of treatment on the outcome of 

interest. The resulting average treatment effect among treated subjects (ATET) is reported as 

a percentage, with a negative value indicating a decreased likelihood of the outcome.

We used the same covariates for the outcome models as were used in the logistic regression 

models. The mortality and BPD models also included early-onset sepsis (in the first 3 

postnatal days) and late-onset sepsis (after the third postnatal day). The covariates for the 

treatment model included GA and BW group, inborn status, and highest respiratory support 

and FiO2 in the first 3 postnatal days. We included interaction terms for inborn status and all 

other covariates. All analyses were performed using Stata (version 15.1 StataCorp, College 

Station, Texas). p values of <0.05 were considered significant.
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Results

A total of 54,964 infants were included in the study, of whom 25,278 infants (46%) received 

surfactant. Infants exposed to surfactant were more likely to receive mechanical ventilation 

and have higher maximum FiO2 in the first 3 postnatal days compared with infants with 

RDS who did not receive surfactant (Table 1). Of the three surfactant types in this sample, 

poractant alfa was most commonly used (48%). In unadjusted analyses, infants exposed to a 

surfactant had higher frequency of mortality, air leak syndrome, pulmonary hemorrhage, and 

BPD when compared with infants not exposed to surfactant (p <0.001; Table 2). In the 

multivariable logistic regression models, the odds of mortality (OR 0.6; 95% CI 0.4–1.0; p = 

0.035) were lower in the surfactant group. While odds for air leak syndrome (OR 1.1; 95% 

CI 1.1.-1.3; p = 0.002) remained higher in the surfactant group, pulmonary hemorrhage and 

BPD were similar between the exposed and unexposed groups (Table 3).

In our treatment effects model, the ATET was small and not statistically significant for any 

of the outcomes. The ORs implied by the treatment effects are reported to permit 

comparison with the results of the logistic regression models (Table 3). The raw and inverse-

probability weighted standardized differences and variance ratios for each treatment 

covariate in the model for mortality are shown in Table 4. Although the weighted variance 

ratio for early-onset sepsis is slightly elevated, the overall pattern is one of well-balanced 

covariates. The weighted standardized differences and variance ratios are substantively 

identical to the results in the models for all other outcomes reported in Table 3.

Discussion

In our cohort, surfactant exposure was not associated with a statistically significant 

difference in mortality, air leak syndrome, pulmonary hemorrhage, or BPD. While infants 

receiving surfactant had higher unadjusted frequencies of mortality and morbidity, the 

results of our doubly robust treatment effects model consistently demonstrated no significant 

differences in the risks of mortality or morbidity between groups. The multivariable logistic 

regression model demonstrated decreased odds of mortality in infants exposed to surfactant 

compared with unexposed infants after adjusting for covariates reflecting respiratory disease 

severity. However, the treatment effects model produces more reliable (i.e., less biased) 

results than the multivariable logistic regression model to address our study objective 

because it better isolates the effect of surfactant from the influence of measured covariates 

on outcomes. These results suggest that surfactant in more mature and larger premature 

infants with RDS may not decrease mortality or air leak syndrome.

Exogenous surfactant is commonly used to treat RDS by reducing the elevated surface 

tension at the air liquid interface of alveoli. This reduction in surface tension decreases 

atelectasis, promotes lung expansion, and improves gas exchange, resulting in significant 

improvement in mortality and air leak syndrome [5–7]. The use of surfactant to treat and 

prevent RDS remains an active area of research, with efforts to characterize the comparative 

benefits of natural vs synthetic surfactant [17], early vs delayed selective use [18], single 

dose vs multiple doses [19], nebulized/aerosolized delivery systems [20–22], and late (>3 

days postnatal age) surfactant therapy [23, 24]. There are limited data on the safety and 
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effectiveness of surfactant in more mature, larger premature infants, who comprise the 

majority of surfactant use [14]. Several cohort studies in late preterm infants have 

demonstrated a reduction in supplemental FiO2 and improvement in partial pressure of 

oxygen (PaO2) following surfactant administration, but inconsistent evidence of reduced 

mortality or air leak syndrome [25–27].

One explanation for our findings is that clinical care in critically ill neonates has 

dramatically improved since randomized, clinical trials of surfactant were conducted in the 

1980s and 1990s. In addition to exogenous surfactant, advances in the management of 

neonatal RDS include the increased use of antenatal steroids, avoidance of ventilator-

induced lung injury through preferential noninvasive respiratory support, improvements in 

synchronized assisted ventilation, and a focus on optimum fluid management and 

thermoregulation [28–31]. Infants in our sample were born in an era in which these practices 

have become the standard of care in managing premature infants. This has contributed to 

reduced RDS mortality in all BW categories and current mortality is low in premature 

infants with BW > 1500 g [32]. It is possible that the treatment effect of surfactant is less 

appreciable in contemporary neonatal practice where the incidence of mortality and 

morbidity in our study population is low.

Another possible explanation for our findings is that surfactant administration is less 

effective in more mature and larger premature infants with RDS. This may occur because the 

dose of surfactant is not the same for more mature infants due to additional airway and 

alveolar development, which could reduce efficacy and explain the difference in safety 

signals compared with smaller infants [33, 34]. Another possibility for the apparent lack of 

effect on morbidity and mortality is that neonatologists may not be using surfactant in an 

effort to mitigate these uncommon complications when administering surfactant to infants 

with higher GA. Instead, clinicians may be using surfactant to reduce exposure to high FiO2 

and mechanical ventilation, even in infants who are at very low risk of the outcomes 

reported in our study.

As with any medication, there are potential risks associated with surfactant administration. 

Exogenous surfactants are generally viewed as safe and well tolerated; however, transient 

adverse events associated with beractant, calfactant, or poractant alfa administration in 

premature infants include bradycardia, hypotension, hypertension, endotracheal tube 

blockage, oxygen desaturation, apnea, hypocarbia, and hypercarbia [5–7]. Of the three 

surfactant products, only the calfactant label lists the frequency of common adverse 

reactions associated with dosing: cyanosis (65%), airway obstruction (39%), bradycardia 

(34%), reflux of surfactant into endotracheal tube (21%), requirement for manual ventilation 

(16%), and reintubation (3%) [6]. This information is based on infants enrolled in the 

surfactant trials. The incidence and severity of these adverse events in more mature and 

larger premature infants are not known.

The strengths of our study include the use of prospectively collected data on a large sample 

of infants to address a clinical question with limited available data. Our analysis plan 

isolated the treatment effects of surfactants while accounting for greater severity of illness in 

infants exposed to surfactants. Limitations to our study include the use of clinical diagnoses 
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abstracted from the electronic medical record, which may reduce diagnosis reliability. The 

indication for surfactant use in our cohort is unclear based on the available information. 

Furthermore, while our approach using IPWRA reduces the risk of bias in the estimated 

treatment effects, it is possible there were unmeasured confounders related to either the 

treatment or the outcome for which we did not account in our analysis. In conclusion, we 

found that infants with GA 30–36 weeks, BW > 2 kg, and RDS exposed to beractant, 

calfactant, or poractant alfa in the first 3 postnatal days had outcomes similar to those of 

infants not exposed to surfactant. Because the majority of surfactant use is administered off-

label in this more mature and larger population, prospective studies may be useful in further 

informing the safety and efficacy of surfactant in this population.
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Fig. 1. 
Study flow diagram of the study population, from initial cohort through exclusions.
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Table 1

Characteristics of infants with RDS, GA 30–36 weeks, and BW> 2 kg by surfactant exposure, 2006–2016.

Characteristic Surfactant (N = 25,278) No surfactant (N = 29,686)

Discharge year, %

 2006–2010 48 41

 2011–2016 52 59

GA (weeks), %

 30–33 24 23

 34–36 76 77

BW in kilograms, median (IQR) 2.463 (2.220–2.775) 2.421 (2.200–2.719)

Large for GA, % 17 15

Inborn, % 81 87

Cesarean section, % 66 63

Maternal race/ethnicity, %

 White 69 61

 Black 9 13

 Hispanic 19 22

 Other 3 4

Male sex, % 66 62

Antenatal steroids, % 30 33

Highest level of respiratory support on postnatal day 0–2, %

 Room air, no support <1 5

 Noninvasive support
a 48 86

 Conventional MV 49 9

 High-frequency MV 3 1

Max FiO2 on postnatal day 0–2, median (IQR) 35 (30–50) 30 (21–35)

Type of surfactant received, %

 Beractant 30 N/A

 Calfactant 22

 Poractant alfa 48

GA gestational age, BW birth weight, IQR interquartile range, FiO2 fraction of inspired oxygen.

a
Nasal CPAP, noninvasive positive pressure ventilation, high-flow nasal cannula.
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Table 4

Standardized differences and variance ratios for covariates in the treatment effects model of mortality.

Standardized differences Variance ratios

Raw Weighted Raw Weighted

Gestational age group
a

−0.032 0.015 1.04 0.98

Birth weight group
b 0.086 −0.006 1.04 1.00

Male 0.091 0.063 0.95 0.96

Maternal race (white race is reference)

 Black −0.103 0.002 0.77 1.00

 Hispanic −0.103 0.008 0.86 1.01

 Other −0.058 −0.007 0.75 0.96

Antenatal steroids −0.076 −0.022 0.95 0.98

Cesarean section 0.057 0.026 0.97 0.98

Apgar score at 5 min −0.193 0.01 2.22 1.00

Inborn −0.210 −0.009 1.50 1.01

Prolonged rupture of membranes −0.071 −0.001 0.80 1.00

Discharge year −0.206 −0.024 0.99 0.96

Highest respiratory support on PND 0–2 1.07 −0.020 2.08 1.00

Highest FiO2 on PND 0–2 0.498 −0.023 1.76 1.04

Early sepsis 0.023 0.029 1.45 1.62

Late sepsis 0.021 0.004 1.48 1.06

A standardized difference close to 0 and a variance ratio close to 1 indicate the covariates are well balanced between treatment groups.

PND postnatal day.

a
Gestational age groups: 30–33 weeks/34–36 weeks.

b
Birth weight groups: 2.001–2.400 kg/2.500–3.499 kg/≥3.500 kg.
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