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Objectives—To describe the frequency and extent of delivery room (DR) resuscitation and 

evaluate the association of DR resuscitation with neonatal outcomes in moderately preterm (MPT) 

infants.

Study design—This was an observational cohort study of MPT infants delivered at 290/7 to 

336/7 weeks’ gestational age (GA) enrolled in the Neonatal Research Network MPT registry. 

Infants were categorized into 5 groups based on the highest level of DR intervention: routine care, 

oxygen and/or continuous positive airway pressure (CPAP), bag and mask ventilation, 

endotracheal intubation, and cardiopulmonary resuscitation (CPR) including chest compressions 

and/or epinephrine use. The association of antepartum and intrapartum risk factors and discharge 

outcomes with the intensity of resuscitation was evaluated.

Results—Of 7,014 included infants, 1,684 (24.0%) received routine care and no additional 

resuscitation, 2,279 (32.5%) received oxygen or CPAP, 1,831 (26.1%) received bag and mask 

ventilation, 1,034 (14.7%) underwent endotracheal intubation, and 186 (2.7%) received CPR. 

Among the antepartum and intrapartum factors, increasing GA, any exposure to antenatal steroids 

(ANS) and prolonged rupture of membranes decreased the likelihood of receipt of all levels of 

resuscitation. Infants who were small for gestational age (SGA) had increased risk of DR 

resuscitation. Among the neonatal outcomes, respiratory support at 28 days, days to full oral feeds 

and length of stay were significantly associated with the intensity of DR resuscitation. Higher 

intensity of resuscitation was associated with increased risk of mortality.

Conclusion—The majority of MPT infants receive some level of DR resuscitation. Increased 

intensity of DR interventions was associated with prolonged respiratory and nutritional support, 

increased mortality and a longer length of stay.

Keywords
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Approximately 85% of infants delivered at term gestational age (GA) require no assistance 

in transitioning from the intrauterine to extrauterine environment after birth; only 5% require 

positive pressure ventilation and 0.1% require chest compressions and/or epinephrine (1). 

This transition is not as smooth for infants delivered prematurely. Finer et al reported that 

6% of infants in the Vermont Oxford Network with birth weights between 501 to 1500 

grams received cardiopulmonary resuscitation (CPR) that included chest compressions 

and/or administration of epinephrine in the delivery room (DR) (2). Compared with term 

infants, late and moderately preterm (MPT) infants delivered between 32 to 36 weeks of 

gestation are more likely to receive resuscitation at birth (3). Besides prematurity, there are 

other antepartum and intrapartum risk factors that can be associated with receipt of DR 

resuscitation in late and MPT neonates (4–6). Increasing intensity of DR resuscitation has 

been shown to predict risk of mortality and adverse neurodevelopmental outcome in 

extremely low birth weight and very low birth weight infants (7–9).

The Neonatal Resuscitation Program (NRP) guidelines published by the American Academy 

of Pediatrics recommend the presence of at least one qualified individual skilled in the initial 

steps of newborn care and positive pressure ventilation (PPV) at every birth; in the presence 

of risk factors, a qualified team with full resuscitation skills should be available (10). 
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However, the composition of the resuscitation team varies in different hospitals and 

comprises of personnel with varying expertise and experience. In small rural hospitals, it can 

be challenging to have a team prepared to provide neonatal resuscitation (11). Although 

MPT infants delivered between 290/7 and 336/7 weeks’ GA constitute about 2.8% of all 

births in the United States (12), data are limited on the frequency and extent of DR 

resuscitation in this population. The antepartum risk factors associated with receipt of 

resuscitation in MPT infants remain unexplored. Identification of these factors could help 

clinical staff prepare better for MPT delivery with attendance of skilled personnel in the DR 

to provide prompt stabilization.

Data on neonatal outcomes following DR resuscitation are also scarce in the MPT 

population. Several investigators have reported increased risk of morbidity and mortality in 

extremely low birth weight and very low birth weight preterm infants who received CPR in 

the DR (13,14). The association of varying intensity of DR resuscitation and neonatal 

morbidities in the MPT infants remains unstudied.

In the current study, we describe the frequency and extent of DR resuscitation in infants 

enrolled in the MPT registry of the Eunice Kennedy Shriver National Institute of Child 

Health and Human Development (NICHD) Neonatal Research Network (NRN), and 

examine the association between antepartum and intrapartum factors and the extent of DR 

resuscitation. We also evaluate the association of DR resuscitation with occurrence of 

neonatal morbidities prior to initial hospital discharge.

Methods

The study population included infants delivered between February 2012 and November 2013 

at 290/7 to 336/7 weeks GA who were enrolled in the NRN MPT registry (15). Infants in 

whom a prenatal diagnosis caused a decision to withdraw or limit intensive care were 

excluded. Data were collected prospectively by trained research personnel using standard 

definitions. Maternal information included age and prenatal care, pregnancy complications 

including multiple births, insulin dependent diabetes, hypertension, prolonged rupture of 

membranes (>18 hours), clinical and histological chorioamnionitis, receipt of antenatal 

steroids (ANS) and magnesium sulfate, and mode of delivery. Neonatal information included 

sex, GA, birth weight and Apgar scores. Data on birth resuscitation included use of oxygen, 

continuous positive airway pressure (CPAP), bag and mask ventilation which included 

positive pressure ventilation with face mask and bag or T-piece resuscitator (Neopuff), 

endotracheal intubation, chest compressions and epinephrine.

Short-term outcomes were collected in the MPT registry at the time of discharge, transfer, 

death, or at 40 weeks’ postmenstrual age (PMA), whichever occurred first. These included: 

respiratory distress syndrome (RDS) treated with surfactant therapy, respiratory support at 

28 days of life including oxygen via nasal cannula, CPAP, non- invasive ventilation, or 

ventilatory support, presence and severity of intracranial hemorrhage based on Papile’s 

classification (16) and cystic periventricular leukomalacia (cPVL) diagnosed after 28 days of 

age (among those who had cranial sonography), early- and late-onset sepsis defined by 

positive blood cultures at or before and after 72 hours of age, days to full oral feeds, and 
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proven necrotizing enterocolitis (NEC) defined by modified Bell Stage ≥IIA (17). The study 

was approved by the IRB at each NRN center.

DR resuscitation was defined as receipt of any assistance after birth besides routine care that 

included providing warmth, drying and stimulation of the infant. Infants were divided into 

five groups according to the highest level of resuscitation they received: 1) routine care, 2) 

oxygen and/or CPAP, 3) bag and mask ventilation, 4) endotracheal intubation and 5) CPR 

including chest compressions and/or epinephrine use. This classification was based on the 

steps in the NRP algorithm and was similar to a previous study (1,7). Oxygen and CPAP 

were combined in one group as the indications for PPV using bag and mask are distinct.

Statistical Analyses

Maternal and neonatal characteristics and neonatal outcomes of infants in the five groups 

were compared using analysis of variance (ANOVA) for continuous variables and chi square 

test for categorical variables. A generalized logistic regression model was used to explore 

neonatal and maternal characteristics significantly associated with the five intensity levels of 

DR resuscitation. The significant maternal and neonatal baseline characteristics were 

included and the best model was selected using the Akaike Information Criterion (AIC) as a 

measure to balance model fit with model complexity. Multivariable logistic regression 

analysis was performed to assess the association between levels of resuscitation with 

selected morbidities after adjusting for center, GA, SGA status, any ANS, and multiple 

births - variables selected a priori due to their known association with outcomes among 

extremely preterm infants. Statistical analyses were conducted using SAS/STAT software, 

Version 9.4, Cary, North Carolina. A 2-sided P value less than 0.05 was considered to be 

statistically significant.

Results

A total of 7,057 infants across eighteen centers were enrolled in the MPT registry between 

February 2012 and November 2013. A prenatal decision to limit intensive care was made for 

36 infants, and DR information was missing in 7 infants. Of 7,014 infants included in the 

analysis, 1,684 (24.0%) received routine care without additional resuscitation; 2,279 

(32.5%) received oxygen or CPAP but not ventilation, intubation or CPR; 1,831 (26.1%) 

received bag and mask ventilation but not intubation or CPR; 1,034 (14.7%) received 

endotracheal intubation but not CPR; and 186 (2.7%) underwent CPR.

Maternal and neonatal characteristics are shown in Table 1. Lower birth weight and GA, 

SGA, lack of prenatal care, lack of ANS, use of antenatal magnesium therapy and Cesarean 

delivery were associated with a higher intensity of resuscitation. Maternal hypertension, 

prolonged rupture of membranes, and histologic chorioamnionitis were significantly 

associated with intensity of resuscitation. The proportion of singleton births was 

significantly higher (83.9% vs 71.6%) in the group that received CPR, compared with 

routine care. The final generalized logistic regression model exploring the relationship of 

maternal and neonatal characteristics with different levels of DR resuscitation included GA, 

SGA status, exposure to ANS and magnesium sulfate, multiple births, histologic 

chorioamnionitis, maternal hypertension, prolonged rupture of membranes (>18hours) and 
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prenatal care (Table II). All estimates of odds ratios in Table 2 have no DR resuscitation as 

the reference group. Increasing GA, exposure to ANS and prolonged rupture of membranes 

decreased the likelihood of all levels of resuscitation. Multiple births were associated with 

lower risk of endotracheal intubation and CPR. SGA status and presence of prenatal care 

were associated with more frequent need for oxygen/CPAP, bag and mask ventilation and 

endotracheal intubation. Exposure to magnesium sulfate decreased the odds of endotracheal 

intubation and CPR. Maternal hypertension increased the need for oxygen/CPAP while 

histologic chorioamnionitis reduced the odds of oxygen/CPAP and intubation.

Short-term outcomes among MPT infants with different levels of resuscitation are noted in 

Table 3. Respiratory morbidities, including surfactant use and continued respiratory support 

at 28 days (ventilator, CPAP or oxygen) increased with increasing level of DR resuscitation. 

Although cranial ultrasound was obtained in only 58% of infants in our cohort, any grade of 

intraventricular hemorrhage and cPVL increased with increasing level of DR resuscitation. 

Similarly, rates of other neonatal morbidities including early- onset sepsis, late-onset sepsis, 

and NEC as well as days to full oral feeds, death before discharge, and length of stay among 

survivors progressively increased with level of resuscitation. Logistic regression analysis 

after adjusting for a priori selected covariates (center, GA, SGA, ANS and multiple births) 

showed longer length of stay among survivors, older postnatal age at full oral feeds and 

increased need for respiratory support at 28 days among infants who received any level of 

DR resuscitation (Table 4). Mortality was unchanged in the group that received oxygen/

CPAP, but increased significantly with higher levels of resuscitation. The adjusted risk of 

early-onset sepsis, late-onset sepsis and NEC did not increase with DR resuscitation. The 

odds of IVH and cPVL increased in the group who received CPR.

Discussion

In a large multicenter cohort of MPT infants born at 290/7 to 336/7 weeks GA, the majority 

(76%) received some level of resuscitation in the DR; with nearly 15% undergoing 

endotracheal intubation and 2.7% full CPR. The intensity of resuscitation decreased 

significantly for each advancing week of gestation. Prolonged rupture of membranes, and 

exposure to any ANS were associated with a reduced likelihood whereas SGA status and 

prenatal care were associated with increased likelihood of resuscitation levels other than 

CPR. Receipt of higher intensity of resuscitation after birth was associated with increased 

mortality, prolonged hospitalization and time to attain full feedings and higher likelihood of 

receipt of respiratory support at 28 days of age. CPR was associated with increased risk of 

intraventricular hemorrhage and cPVL among the MPT infants who had screening cranial 

sonograms.

MPT infants are a high risk group that accounts for utilization of a large proportion of 

neonatal intensive care Unit resources. Rates of DR resuscitation among late preterm infants, 

which range between 14–46% in different studies, are significantly lower than the rate in 

MPT infants, likely due to lower GA and antepartum factors predisposing to preterm 

delivery (3–4,18–20). In a study from Korea, almost 93% of infants between 29 to 32 weeks 

of GA received supplemental oxygen and 3% received CPR in the delivery room (21). These 

findings may reflect a difference in DR resuscitation practices in Korea compared with NRN 
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centers. Boyle et al reported that 36.9% of infants delivered at 32–33 weeks received active 

resuscitation in the DR (3). However, their study did not include infants of 29–31 weeks GA. 

Our study confirmed that infants delivered at higher GA within the 29–33 week range had 

lower adjusted odds for resuscitation in the delivery room. Each increasing week of 

gestation decreased the risk of receiving resuscitation in the DR.

Prenatal care, defined in the data base as at least one prenatal visit prior to the delivery, was 

associated with increased receipt of oxygen, CPAP or bag and mask ventilation in our study. 

The reason for this association is unclear though we speculate that better prenatal care 

helped to identify higher risk women who subsequently delivered prematurely at tertiary 

centers.

There is limited literature evaluating the risk of DR resuscitation with maternal hypertension 

and SGA status in MPT infants. Aziz et al reported a 2-fold increase in respiratory support 

(positive pressure ventilation- endotracheal intubation) among moderate-high risk infants 

born to mothers with hypertension during pregnancy across all GAs (5). Similar associations 

have been reported between pregnancy induced hypertension and advanced resuscitation 

(endotracheal intubation and CPR) in infants greater than 34 weeks GA (6), and maternal 

hypertension and bag and mask ventilation in late preterm infants (4). Maternal hypertension 

was a significant risk factor among extremely low birth weight infants receiving CPR in the 

delivery room (8). In contrast, in the current study, maternal hypertension was independently 

associated with increased need for oxygen/CPAP alone. Magnesium sulfate was associated 

with reduced receipt of endotracheal intubation and CPR. We did not have available data on 

duration, dose or indications for its use. Magnesium may cause adverse events including 

diminished deep tendon reflexes and respiratory depression when used in the pregnant 

women (22). However, published reports do not show any association between magnesium 

sulfate exposure and level of delivery room resuscitation in the neonates (23,24). The 

association between SGA status and all levels of resuscitation except CPR in MPT infants in 

our study is consistent with previously reported data in late preterm infants (4,6,20). 

Maternal hypertension is an important risk factor for preterm delivery and SGA status, 

which could lead to emergency Cesarean section and use of antepartum magnesium sulfate 

(25). Due to the complex interaction between maternal hypertension, use of magnesium 

sulfate and SGA status, it is hard to dissociate the individual effects of each risk factor in 

this population.

The protective effect of ANS exposure has been shown in extremely low birth infants (7,8). 

We found that exposure to ANS confers an advantage in MPT infants as well. Prolonged 

rupture of membranes decreased the odds of resuscitation in our cohort whereas histologic 

chorioamnionitis was associated with reduced frequency of oxygen/CPAP and endotracheal 

intubation; the association did not retain significance for bag and mask ventilation or CPR. 

Histological chorioamnionitis has been associated with reduced incidence of respiratory 

distress syndrome in preterm neonates (26,27) which could lower the need for resuscitation. 

On the other hand, stress and an increased risk of sepsis may render these infants less 

vigorous at birth, accounting for the inconsistent associations noted. Multiple births, in our 

study, were associated with decreased risk for endotracheal intubation and CPR in the DR. 

There have been conflicting reports in the literature about the association of multiple births 
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with DR resuscitation. Aziz et al reported that in infants less than 35 weeks GA, multiple 

births doubled the risk of receiving positive-pressure ventilation and/or endotracheal 

intubation in the DR; the association was not seen in infants >35 weeks gestation (5). 

Berazategui et al did not find an association between multiple births and advanced 

resuscitation in infants delivered at >34 weeks GA (6). The reason for this discrepancy is not 

clear. We speculate that increased surveillance in the antenatal and intrapartum period for 

multiple births might have contributed to our results.

There is a paucity of literature on the effects of neonatal resuscitation in MPT infants. We 

demonstrate that DR resuscitation in MPT infants was associated with adverse short-term 

outcomes, including increased receipt of respiratory support at 28 days of age, delayed 

attainment of oral feedings, and prolonged length of hospitalization after adjusting for GA, 

center, SGA, ANS and multiple births. It is intriguing that even with low rates of mortality 

overall, the need for bag and mask ventilation or higher levels of resuscitation in the DR was 

a predictor for mortality. CPR in the DR was associated with an increased risk of IVH and 

cPVL. Although we acknowledge that cranial ultrasound was only obtained in 58% of MPT 

infants enrolled in the registry, the increased risk of IVH and cPVL following DR CPR 

suggests the need for neurodevelopmental monitoring for sequelae, at least in this select 

group of MPT infants. DR resuscitation has been shown to be associated with adverse 

neonatal outcomes in other neonatal cohorts. In late preterm infants, higher intensity of 

resuscitation was associated with mortality, respiratory distress, pneumothorax, late-onset 

sepsis and length of stay (20). In a large cohort of extremely low birth infants from NRN 

centers, CPR in the DR was associated with increased risk of pneumothorax, BPD, grade 3–

4 IVH, death by 12 hours and death or neurodevelopmental impairment among survivors at 

18 months of corrected age (8). DeMauro et al reported higher rates of BPD and severe ROP 

in very low birth weight infants who received higher levels of resuscitation in the DR (7). 

Increased risks of death, neurological morbidity, ROP and BPD were observed with the use 

of chest compressions and/or epinephrine in infants less than 32 weeks by Shah et al (9). 

Finer et al described increased frequency of IVH in very low birth weight infants from 

Vermont Oxford Network database who received CPR in the DR (2).

Our study used prospectively collected data from large level 3–4 NICUs across the United 

States. Although there may be variation in the personnel and organization of DR practices, 

all the centers follow NRP guidelines published by the American Academy of Pediatrics, 

and standardized definitions were used for data collection. Although extremely preterm 

infants are electively intubated in the DR in some centers, MPT infants would be expected to 

be intubated only if they required PPV. Hence, we believe that endotracheal intubation and 

CPR in the DR can be reliable predictors of common NICU morbidities in MPT infants. The 

knowledge that a large proportion of MPT neonates receive resuscitation at birth and that the 

need for resuscitation can be predicted by antepartum factors is important information for 

planning appropriate resources and staffing in the DR.

We had limited information about the indications for Cesarean section as well as indications 

for and duration of resuscitation. The information about the dose and indication for use of 

magnesium sulfate was not collected, and we acknowledge that higher doses of magnesium 

sulfate could increase the intensity of resuscitation required in the DR. Whether resuscitation 
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guidelines were consistently followed could not be determined. Some of the noted 

associations were inconsistent across intervention groups, which could be related to the 

different sample sizes of the groups. Another limitation of our study is the difference in 

certain practices, such as obtaining cranial ultrasounds in MPT infants across the centers, 

which reduced the denominators in some of our analyses.

In conclusion, our study suggests that a significant proportion of MPT infants receive some 

level of resuscitation in the DR. Increased awareness of need for DR intervention, with 

appropriate staffing and resources should be available in the centers delivering these infants. 

A higher intensity of resuscitation appears to be a harbinger of adverse neonatal outcomes in 

this population.

Acknowledgments

The National Institutes of Health, the Eunice Kennedy Shriver National Institute of Child Health and Human 
Development (NICHD), and the National Center for Advancing Translational Sciences provided grant support for 
the Neonatal Research Network’s Moderate Preterm Registry through cooperative agreements. While NICHD staff 
did have input into the study design, conduct, analysis, and manuscript drafting, the content is solely the 
responsibility of the authors and does not necessarily represent the official views of the National Institutes of 
Health.

Participating NRN sites collected data and transmitted it to RTI International, the data coordinating center (DCC) 
for the network, which stored, managed and analyzed the data for this study. On behalf of the NRN, Drs. Abhik Das 
(DCC Principal Investigator) and Shampa Saha (DCC Statistician) had full access to all of the data in the study, and 
with the NRN Center Principal Investigators, take responsibility for the integrity of the data and accuracy of the 
data analysis.

We are indebted to our medical and nursing colleagues and the infants and their parents who agreed to take part in 
this study.

References

1. Perlman JM, Wyllie J, Kattwinkel J, Wyckoff MH, Aziz K, Guinsburg R, et al. Neonatal 
Resuscitation Chapter Collaborators. Neonatal Resuscitation: 2015 International Consensus on 
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment 
Recommendations. Circulation. 2015; 132(16 Suppl 1):S204–41. [PubMed: 26472855] 

2. Finer NN, Horbar JD, Carpenter JH. Cardiopulmonary resuscitation in the very low birth weight 
infant: the Vermont Oxford Network experience. Pediatrics. 1999; 104:428–34. [PubMed: 
10469765] 

3. Boyle EM, Johnson S, Manktelow B, Seaton SE, Draper ES, Smith LK, et al. Neonatal outcomes 
and delivery of care for infants born late preterm or moderately preterm: a prospective population-
based study. Arch Dis Child Fetal Neonatal Ed. 2015; 100(6):F479–85. [PubMed: 25834169] 

4. de Almeida MF, Guinsburg R, da Costa JO, Anchieta LM, Freire LM, Junior DC. Resuscitative 
procedures at birth in late preterm infants. J Perinatol. 2007; 27(12):761–5. [PubMed: 18034164] 

5. Aziz K, Chadwick M, Baker M, Andrews W. Ante- and intra-partum factors that predict increased 
need for neonatal resuscitation. Resuscitation. 2008; 79(3):444–52. [PubMed: 18952348] 

6. Berazategui JP, Aguilar A, Escobedo M, Dannaway D, Guinsburg R, de Almeida MF, et al. ANR 
study group. Risk factors for advanced resuscitation in term and near-term infants: a case-control 
study. Arch Dis Child Fetal Neonatal Ed. 2017; 102(1):F44–50. [PubMed: 27269195] 

7. DeMauro SB, Roberts RS, Davis P, Alvaro R, Bairam A, Schmidt B. Caffeine for Apnea of 
Prematurity Trial Investigators. Impact of delivery room resuscitation on outcomes up to 18 months 
in very low birth weight infants. J Pediatr. 2011; 159(4):546–50. [PubMed: 21592510] 

8. Wyckoff MH, Salhab WA, Heyne RJ, Kendrick DE, Stoll BJ, Laptook AR. National Institute of 
Child Health and Human Development Neonatal Research Network. Outcome of extremely low 

Bajaj et al. Page 8

J Pediatr. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



birth weight infants who received delivery room cardiopulmonary resuscitation. J Pediatr. 2012; 
160(2):239–44. [PubMed: 21930284] 

9. Shah PS, Shah P, Tai KF. Chest compression and/or epinephrine at birth for preterm infants <32 
weeks gestational age: matched cohort study of neonatal outcomes. J Perinatol. 2009; 29(10):693–7. 
[PubMed: 19554013] 

10. Textbook of Neonatal Resuscitation. 7. American Academy of Pediatrics; Elk Grove Village, Ill: 
2016. 

11. Jukkala A, Henly SJ, Lindeke L. Rural hospital preparedness for neonatal resuscitation. J Rural 
Health. 2008; 24(4):423–8. [PubMed: 19007398] 

12. Hamilton BE, Martin JA, Osterman MJ, Curin SC, Mathews TJ. Births: Final data for 2014. 
National Vital Statistics Reports, Centers for Disease Control. 2015; 64(12)

13. Soraisham AS, Lodha AK, Singhal N, Aziz K, Yang J, Lee SK, et al. Canadian Neonatal Network. 
Neonatal outcomes following extensive cardiopulmonary resuscitation in the delivery room for 
infants born at less than 33 weeks gestational age. Resuscitation. 2014; 85:238–43. [PubMed: 
24513125] 

14. Shah PS. Extensive cardiopulmonary resuscitation for VLBW and ELBW infants:a systematic 
review and meta-analyses. J Perinatol. 2009; 29:655–61. [PubMed: 19554016] 

15. Walsh, MC., Bell, EF., Kandefer, S., Saha, S., Carlo, WA., D’Angio, CT., Laptook, AR., et al. 
Neonatal outcomes of moderately preterm infants compared to extremely preterm infants. Pediatr 
Res. 2017 Apr 18. [Epub ahead of print]

16. Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of subependymal and 
intraventricular hemorrhage: a study of infants with birth weights less than 1500 gm. J Pediatr. 
1978; 92(4):529–34. [PubMed: 305471] 

17. Walsh MC, Kliegman RM. Necrotizing enterocolitis: treatment based on staging criteria. Pediatr 
Clin N Am. 1986; 33:179–201.

18. Hibbard JU, Wilkins I, Sun L, Gregory K, Haberman S, Hoffman M, et al. Respiratory morbidity in 
late preterm births. JAMA. 2010; 304(4):419–25. [PubMed: 20664042] 

19. Shapiro-Mendoza CK, Tomashek KM, Kotelchuck M, Barfield W, Nannini A, et al. Effect of late-
preterm birth and maternal medical conditions on newborn morbidity risk. Pediatrics. 2008; 
121(2):e223–32. [PubMed: 18245397] 

20. Jiang S, Lyu Y, Ye XY, Monterrosa L, Shah PS, Lee SK. Intensity of delivery room resuscitation 
and neonatal outcomes in infants born at 33 to 36 weeks’ gestation. J Perinatol. 2016; 36(2):100–5. 
[PubMed: 26540242] 

21. Cho SJ, Shin J, Namgung R. Initial Resuscitation at Delivery and Short Term Neonatal Outcomes 
in Very-Low-Birth-Weight Infants. J Korean Med Sci. 2015; 30(Suppl 1):S45–51. [PubMed: 
26566357] 

22. Ramsey PS, Rouse DJ. Magnesium sulfate as a tocolytic agent. Semin Perinatol. 2001; 25:236–47. 
[PubMed: 11561911] 

23. Johnson LH, Mapp DC, Rouse DJ, Spong CY, Mercer BM, Leveno KJ, et al. Association of cord 
blood magnesium concentration and neonatal resuscitation. J Pediatr. 2012; 160(4):573–77. 
[PubMed: 22056282] 

24. De Jesus LC, Sood BG, Shankaran S, Kendrick D, Das A, Bell EF, et al. Antenatal magnesium 
sulfate exposure and acute cardiorespiratory events in preterm infants. Am J Obstet Gynecol. 
2015; 212(1):94e1–7. [PubMed: 25046806] 

25. Ray JG, Burrows RF, Burrows EA, Vermeulen MJ. MOS HIP: McMaster outcome study of 
hypertension in pregnancy. Early Hum Dev. 2001; 64(2):129–43. [PubMed: 11440825] 

26. Dempsey E, Chen MF, Kokottis T, Vallerand D, Usher R. Outcome of neonates less than 30 weeks 
gestation with histologic chorioamnionitis. Am J Perinatol. 2005; 22(3):155–9. [PubMed: 
15838750] 

27. Lahra MM, Beeby PJ, Jeffery HE. Maternal versus fetal inflammation and respiratory distress 
syndrome: a 10-year hospital cohort study. Arch Dis Child Fetal Neonatal Ed. 2009; 94(1):F13–6. 
[PubMed: 18463119] 

Bajaj et al. Page 9

J Pediatr. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



APPENDIX

The following investigators are additional members of the National Institute of Child Health 

and Human Development Neonatal Research Network, National Institutes of Health, 

Bethesda, MD:

NRN Steering Committee Chair: Richard A. Polin, MD, Division of Neonatology, College 

of Physicians and Surgeons, Columbia University, (2011-present).

Alpert Medical School of Brown University and Women & Infants Hospital of Rhode Island 

(U10 HD27904) – Martin Keszler, MD; Angelita M. Hensman, MS RNC-NIC BSN; Elisa 

Vieira, RN BSN.

Case Western Reserve University, Rainbow Babies & Children’s Hospital (U10 HD21364) – 

Anna Marie Hibbs, MD; Bonnie S. Siner, RN.

Children’s Mercy Hospital (U10 HD68284) – William E. Truog, MD; Eugenia K. Pallotto, 

MD MSCE; Howard W. Kilbride MD; Cheri Gauldin, RN MSN CCRC; Anne Holmes RN 

MSN MBA-HCM CCRC; Kathy Johnson RN, CCRC.

Cincinnati Children’s Hospital Medical Center, University of Cincinnati Medical Center, 

and Good Samaritan Hospital (U10 HD27853, UL1 TR77) – Brenda B. Poindexter, MD 

MS; Kurt Schibler, MD; Suhas G. Kallapur, MD; Cathy Grisby, BSN CCRC; Barbara 

Alexander, RN; Estelle E. Fischer, MHSA MBA; Lenora Jackson, CRC; Kristin Kirker, 

CRCC; Jennifer Jennings, RN BSN; Sandra Wuertz, RN BSN CLC; Greg Muthig, BA.

Duke University School of Medicine, University Hospital, University of North Carolina, and 

Duke Regional Hospital (U10 HD40492, UL1 TR1117, UL1 TR1111) – C. Michael Cotten, 

MD MHS; Ronald N. Goldberg, MD; Joanne Finkle, RN JD; Kimberley A. Fisher, PhD 

FNP-BC IBCLC; Matthew M. Laughon, MD MPH; Carl L. Bose, MD; Janice Bernhardt, 

MS RN; Cindy Clark, RN.

Emory University, Children’s Healthcare of Atlanta, Grady Memorial Hospital, and Emory 

University Hospital Midtown (U10 HD27851, UL1 TR454) – David P. Carlton, MD; Ellen 

C. Hale, BS RN CCRC; Yvonne Loggins, RN; Diane I. Bottcher, RN MSN.

Eunice Kennedy Shriver National Institute of Child Health and Human Development – 

Stephanie Wilson Archer, MA.

Indiana University, University Hospital, Methodist Hospital, Riley Hospital for Children at 

Indiana University Health, and Eskenazi Health (U10 HD27856, UL1 TR6) – Greg Sokol, 

MD; Dianne E. Herron, RN.

Nationwide Children’s Hospital and the Ohio State University Medical Center (U10 

HD68278) – Leif D. Nelin, MD; Sudarshan R. Jadcherla, MD; Patricia Luzader, RN; Nehal 

A. Parikh, DO MS; Marliese Dion Nist, BSN; Jennifer Fuller, MS RNC; Julie Gutentag, 

BSN; Marissa E. Jones, RN MBA; Sarah McGregor, BSN RNC; Elizabeth Rodgers, BSN; 

Jodi A. Ulloa, MSN APRN NNP-BC; Tara Wolfe, BSN.

Bajaj et al. Page 10

J Pediatr. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RTI International (U10 HD36790) – Dennis Wallace, PhD; Kristin M. Zaterka-Baxter, RN 

BSN CCRP; Margaret Crawford, BS CCRP; Jenna Gabrio, BS CCRP; Sarah Kandefer, BS; 

Jeanette O’Donnell Auman, BS.

Stanford University and Lucile Packard Children’s Hospital (U10 HD27880, UL1 TR93) – 

David K. Stevenson, MD; M. Bethany Ball, BS CCRC; Melinda S. Proud, RCP.

University of Alabama at Birmingham Health System and Children’s Hospital of Alabama 

(U10 HD34216) – Namasivayam Ambalavanan, MD; Monica V. Collins, RN BSN MaEd; 

Shirley S. Cosby, RN BSN.

University of California - Los Angeles, Mattel Children’s Hospital, Santa Monica Hospital, 

Los Robles Hospital and Medical Center, and Olive View Medical Center (U10 HD68270) – 

Uday Devaskar, MD; Meena Garg, MD; Teresa Chanlaw, MPH; Rachel Geller, RN BSN.

University of Iowa and Mercy Medical Center (U10 HD53109, UL1 TR442) – Tarah T. 

Colaizy, MD MPH; Dan L. Ellsbury, MD; Jane E. Brumbaugh, MD; Karen J. Johnson, RN 

BSN; Donia B. Campbell, RNC-NIC; Jacky R. Walker, RN.

University of New Mexico Health Sciences Center (U10 HD53089, UL1 TR41) – Kristi L. 

Watterberg, MD; Robin K. Ohls, MD; Conra Backstrom Lacy, RN; Sandy Sundquist 

Beauman, MSN,RNC-NIC; Carol Hartenberger, MPH, RN CCRC.

University of Pennsylvania, Hospital of the University of Pennsylvania, Pennsylvania 

Hospital, and Children’s Hospital of Philadelphia (U10 HD68244) – Barbara Schmidt, MD; 

Haresh Kirpalani, MB MSc; Sara B. DeMauro, MD MSCE; Noah Cook, MD; Aasma S. 

Chaudhary, BS RRT; Soraya Abbasi, MD; Toni Mancini, RN BSN CCRC; Dara Cucinotta.

University of Rochester Medical Center, Golisano Children’s Hospital, and the University of 

Buffalo Women’s and Children’s Hospital of Buffalo (U10 HD68263, UL1 TR42) – Satyan 

Lakshminrusimha, MD; Ronnie Guillet, MD PhD; Ann Marie Scorsone, MS; Julianne 

Hunn, BS; Rosemary Jensen; Holly I.M. Wadkins, MA; Stephanie Guilford, BS; Ashley 

Williams, M.S. Ed.

University of Texas Southwestern Medical Center at Dallas, Parkland Health & Hospital 

System, and Children’s Medical Center Dallas (U10 HD40689) – Luc P. Brion, MD; Diana 

M. Vasil, RNC-NIC; Lijun Chen, PhD RN; Lizette E. Torres, RN.

University of Texas Health Science Center at Houston Medical School and Children’s 

Memorial Hermann Hospital (U10 HD21373) – Kathleen A. Kennedy, MD MPH; Jon E. 

Tyson, MD MPH; Julie Arldt-McAlister, RN BSN; Carmen Garcia, RN CCRP; Karen 

Martin, RN; Georgia E. McDavid, RN; Sharon L. Wright, MT (ASCP).

Wayne State University, University of Michigan, Hutzel Women’s Hospital, and Children’s 

Hospital of Michigan (U10 HD21385) – Athina Pappas, MD; John Barks, MD; Rebecca 

Bara, RN BSN; Shelley Handel, AD; Diane F White, RT; Mary Christensen, RT; Stephanie 

A. Wiggins, MS.

Bajaj et al. Page 11

J Pediatr. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bajaj et al. Page 12

Ta
b

le
 1

M
at

er
na

l a
nd

 I
nf

an
t c

ha
ra

ct
er

is
tic

s

C
ha

ra
ct

er
is

ti
cs

R
ou

ti
ne

 c
ar

e
N

=1
68

4
O

xy
ge

n/
C

PA
P

N
=2

27
9

B
ag

-m
as

k 
ve

nt
ila

ti
on

N
=1

83
1

E
nd

ot
ra

ch
ea

l i
nt

ub
at

io
n

N
=1

03
4

C
P

R
N

=1
86

P
 v

al
ue

 (
tr

en
d)

B
ir

th
 w

ei
gh

t, 
g 

m
ea

n 
(S

D
)

18
55

 (
36

6)
16

78
 (

43
3)

16
36

 (
42

2)
15

85
 (

44
9)

16
79

 (
47

2)
<

.0
00

1

G
es

ta
tio

na
l a

ge
, w

k 
m

ea
n 

(S
D

)
32

.2
1 

(1
.1

)
31

.4
 (

1.
3)

31
.3

 (
1.

3)
30

.8
 (

1.
4)

31
.0

 (
1.

4)
<

.0
00

1

Sm
al

l f
or

 g
es

ta
tio

n,
 %

24
8/

16
82

 (
14

.7
)

38
7/

22
79

 (
17

.0
)

33
8/

18
30

 (
18

.5
)

15
7/

10
33

 (
15

.2
)

21
/1

85
 (

11
.4

)
0.

00
68

M
at

er
na

l a
ge

, m
ea

n 
(S

D
)

28
.5

 (
6.

7)
28

.7
 (

6.
5)

28
.2

 (
6.

5)
28

.1
 (

6.
3)

27
.5

 (
6.

5)
0.

05
66

G
en

de
r:

 %
 m

al
e

87
7/

16
82

 (
52

.1
)

11
72

/2
27

9 
(5

1.
4)

93
6/

18
30

 (
51

.1
)

56
7/

10
33

 (
54

.9
)

10
6/

18
6 

(5
7.

0)
0.

19
45

A
pg

ar
 s

co
re

 a
t 5

 m
in

 <
 5

, %
2/

16
68

 (
0.

12
)

4/
22

75
 (

0.
18

)
50

/1
82

4 
(2

.7
)

17
8/

10
25

 (
17

.4
)

10
8/

17
7 

(6
1.

0)
<

.0
00

1

M
aj

or
 c

on
ge

ni
ta

l m
al

fo
rm

at
io

ns
, %

72
/1

68
3 

(4
.3

)
12

7/
22

78
 (

5.
6)

13
4/

18
31

 (
7.

3)
22

3/
10

33
 (

21
.6

)
35

/1
86

 (
18

.8
)

<
.0

00
1

Pr
en

at
al

 c
ar

e,
 %

16
17

/1
68

3 
(9

6.
1)

22
16

/2
27

6 
(9

7.
4)

17
94

/1
82

8 
(9

8.
1)

99
4/

10
33

 (
96

.2
)

17
1/

18
4 

(9
2.

9)
<

.0
00

1

M
at

er
na

l h
yp

er
te

ns
io

n,
 %

48
7/

16
82

 (
29

.0
)

83
8/

22
74

 (
36

.9
)

69
4/

18
26

 (
38

.0
)

29
6/

10
30

 (
28

.7
)

49
/1

81
 (

27
.1

)
<

.0
00

1

M
at

er
na

l d
ia

be
te

s 
(i

ns
ul

in
 d

ep
en

de
nt

),
 %

10
5/

16
82

 (
6.

2)
18

8/
22

75
 (

8.
3)

14
8/

18
28

 (
8.

1)
73

/1
02

9 
(7

.1
)

9/
18

1 
(5

.0
)

0.
07

15

C
ho

ri
oa

m
ni

on
iti

s,
 %

14
4/

16
73

 (
8.

6)
14

3/
22

58
 (

6.
3)

12
7/

18
20

 (
7.

0)
70

/1
00

8 
(6

.9
)

11
/1

85
 (

6.
0)

0.
08

49

C
ho

ri
oa

m
ni

on
iti

s,
 h

is
to

lo
gi

c,
 %

39
9/

14
22

 (
28

.1
)

42
0/

19
10

 (
22

.0
)

41
5/

15
34

 (
27

.1
)

20
4/

80
6 

(2
5.

3)
32

/1
10

 (
29

.1
)

0.
00

05

R
up

tu
re

 o
f 

m
em

br
an

es
 >

18
 h

, %
42

3/
15

81
 (

26
.8

)
40

0/
21

53
 (

18
.6

)
27

1/
17

12
 (

15
.8

)
14

6/
95

3 
(1

5.
3)

19
/1

70
 (

11
.2

)
<

.0
00

1

C
es

ar
ea

n 
de

liv
er

y,
 %

73
5/

16
83

 (
43

.7
)

14
89

/2
27

9 
(6

5.
3)

12
73

/1
83

0 
(6

9.
6)

78
7/

10
34

 (
76

.1
)

15
4/

18
6 

(8
2.

8)
<

.0
00

1

A
nt

en
at

al
 s

te
ro

id
s,

 %
14

59
/1

66
8 

(8
7.

5)
19

48
/2

26
1 

(8
6.

2)
15

91
/1

81
9 

(8
7.

5)
83

3/
10

22
 (

81
.5

)
10

2/
18

0 
(5

6.
7)

<
.0

00
1

Si
ng

le
to

n,
 %

12
05

/1
68

4 
(7

1.
6)

15
12

/2
27

9 
(6

6.
3)

13
11

/1
83

1 
(7

1.
6)

78
3/

10
34

 (
75

.7
)

15
6/

18
6 

(8
3.

9)
<

.0
00

1

A
nt

en
at

al
 m

ag
ne

si
um

 s
ul

fa
te

, %
79

6/
16

59
 (

48
.0

)
12

74
/2

23
9 

(5
6.

9)
10

57
/1

79
6 

(5
8.

9)
50

6/
99

3 
(5

1.
0)

58
/1

76
 (

33
.0

)
<

.0
00

1

• D
en

om
in

at
or

 f
or

 e
ac

h 
va

ri
ab

le
 is

 b
as

ed
 o

n 
th

e 
av

ai
la

bi
lit

y 
of

 d
at

a

J Pediatr. Author manuscript; available in PMC 2019 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bajaj et al. Page 13

Table 2

Adjusted odds ratio of risk factors for levels of resuscitation*

Oxygen/CPAP
N = 2279

Bag-mask ventilation
N = 1831

Endotracheal intubation
N = 1034

CPR
N = 186

Gestational age (per increasing week) 0.55 (0.51–0.59) 0.52 (0.48–0.55) 0.37 (0.34–0.41) 0.41 (0.35–0.48)

Small for gestation 1.29 (1.05–1.59) 1.39 (1.12–1.73) 1.53 (1.17–2.00) 0.99 (0.51–1.90)

Multiple births 1.18 (1.00–1.40) 0.95 (0.79–1.13) 0.69 (0.55–0.86) 0.40 (0.22–0.73)

Antenatal steroids 0.69 (0.53–0.89) 0.77 (0.58–1.01) 0.56 (0.41–0.77) 0.20 (0.12–0.34)

Magnesium sulfate 0.96 (0.81–1.14) 0.98 (0.82– 1.18) 0.65 (0.52–0.81) 0.40 (0.24–0.67)

Histologic chorioamnionitis 0.81 (0.67–0.99) 0.99 (0.82–1.22) 0.72 (0.56–0.92) 1.18 (0.70–1.99)

Maternal hypertension 1.26 (1.05–1.50) 1.18 (0.99–1.43) 0.84 (0.66–1.06) 1.27 (0.77–2.09)

Rupture of membranes > 18 h 0.75 (0.61–0.91) 0.51 (0.41–0.63) 0.52 (0.40–0.68) 0.39 (0.20–0.75)

Prenatal care 1.72 (1.07–2.74) 3.23 (1.83–5.70) 1.82 (1.00–3.28) 1.57 (0.52–4.75)

*
Routine care in the DR is the reference level

Deviance goodness of fit test: P-value= 0.99
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Table 4

Adjusted odds ratios (and 95% confidence intervals) of neonatal outcomes for levels of resuscitation*

Outcome Oxygen/CPAP
N = 2279

Bag-mask ventilation
N = 1831

Endotracheal intubation
N = 1034

CPR
N = 186

Death 1.43 (0.68–2.99) 2.63 (1.29–5.34) 12.73 (6.53–24.80) 48.02 (23.10– 99.83)

Respiratory support at 28 days 1.91 (1.41–2.57) 2.31 (1.71–3.13) 5.40 (3.97–7.35) 4.89 (3.02–7.89)

Intraventricular hemorrhage 0.74 (0.55–1.0) 0.81 (0.60–1.10) 1.20 (0.89–1.64) 1.75 (1.09–2.81)

Cystic PVL after 28 days 2.45 (0.54–11.08) 3.19 (0.71–14.34) 4.06 (0.90–18.25) 9.71 (1.89–49.82)

Proven NEC 1.06 (0.63–1.77) 1.43 (0.86–2.38) 1.41(0.81–2.44) 1.64 (0.67–4.00)

Early sepsis 0.79 (0.32–1.91) 0.86 (0.35–2.14) 0.86 (0.32–2.30) 2.70 (0.82–8.92)

Late onset sepsis 0.77 (0.49–1.22) 1.00 (0.64–1.58) 1.29 (0.81–2.07) 0.76 (0.28–2.03)

Age at full oral feed (days)^ 2.98 (2.02–3.93) 2.99 (1.97–4.00) 6.72 (5.43–8.02) 6.28 (3.52–9.04)

Length of stay (days)†^ 2.81 (1.71–3.91) 3.91 (2.75–5.08) 9.30 (7.88–10.73) 8.75 (5.81–11.68)

*
Routine care in the DR is the reference level. The covariates included in the regression are center, GA, SGA, ANS and multiple births.

†
Average length of stay among survivors

^
For continuous outcomes, an estimate of the difference between means and the 95% confidence interval of the estimate is reported
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