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Abstract

Recent contributions of the Eunice Kennedy Shriver National Institute of Child Health and Human 

Development Neonatal Research Network (NRN) regarding obstetrical perinatal interventions 

and neonatal delivery room practices include the following: the impact of multiple antepartum 

factors including maternal diabetes, hypertension, obesity and mode of delivery on outcomes of 

extremely preterm newborns, effects of delayed delivery interval for extremely preterm multiples, 

effects of antenatal steroids on preterm newborn outcomes and the impact of antenatal magnesium 

sulfate therapy on neurodevelopmental outcomes for extremely preterm infants. NRN studies 

also contribute important evidence for neonatal delivery room resuscitation guidelines including 

umbilical cord management and maintenance of euthermia immediately after birth. The updated 

NRN outcome calculator helps better counsel families regarding possible outcomes for the most 

immature newborns if resuscitation is attempted at birth. Thus, the NRN provides substantial 

information regarding effects of perinatal management on newborn infants.

Introduction

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

(NICHD) Neonatal Research Network (NRN) provides substantial information on perinatal 

management of newborn infants.1 This evidence has been used for the development of 

treatment recommendations from the International Liaison Committee on Resuscitation 

(ILCOR).2 The latter influences neonatal resuscitation guidelines across the globe. Major 

strengths of the NRN include collective expertise in research design, data collection, data 

analysis, and focus on important outcomes including neonatal mortality and morbidity with 
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validated neurodevelopmental outcomes after discharge, up to an age that has progressively 

increased from 16–18 months to 22–26 months and even to childhood in several studies.

For many years the NRN has conducted landmark randomized controlled trials (RCTs) on 

delivery room (DR) management of very preterm infants. For example, the NRN Surfactant, 

Positive Pressure, and Oxygenation Randomized Trial (SUPPORT) compared continuous 

positive airway pressure (CPAP) versus endotracheal intubation in very preterm infants 

and led to a progressive practice change from routine intubation after birth to attempts 

at stabilization using CPAP in the DR.3 Meta-analysis showed that routine CPAP in the 

DR improves survival without bronchopulmonary dysplasia in these neonates and was 

subsequently incorporated into neonatal resuscitation guidelines.2 NRN RCTs of therapeutic 

cooling for hypoxic-ischemic encephalopathy in term and nearterm infants were landmark 

studies, which affected International Liaison Committee on Resuscitation guidelines and 

clinical practice around the globe.4

For decades, the NRN has prospectively collected data on very preterm infants in its 

comprehensive preterm database, which includes infants born alive at 401–1000 grams 

and <29 weeks gestational age (GA), thereby allowing comparison of serial changes in 

practices and outcomes.5 This database was recently expanded to include extremely small 

neonates and periviable fetuses, thereby allowing assessment of perinatal care effects on 

mortality and morbidity on this poorly studied and most fragile population. Collaboration 

with the Vermont-Oxford Neonatal Network (VON) led to external validation of the NRN 

prognostic tool for survival and morbidity of extreme preterm (EPT) infants, which is now 

used for perinatal counseling of periviable pregnancies.6 In addition, the NRN has collected 

observational perinatal data on a one-year cohort of moderate preterm infants (MPT); this 

provided an outstanding dataset on DR management for this population, for which only 

minimal data had been previously available.7,8

This current review will examine how the large cohort of newborns available to the NRN 

has allowed analysis of the impact of factors such as center, race/ethnicity, maternal age, 

and neonatal characteristics on outcomes. In addition we review how multiple NRN studies 

have assessed how maternal disease (e.g., pre-eclampsia), treatment (e.g., antenatal steroids), 

morbidity (e.g., obesity) and DR management (cord clamping or milking and maintenance 

of euthermia) affect perinatal outcomes.7,9–17

Effect of maternal factors on preterm newborn infant outcomes

Outcome of preterm infants in relation to maternal pre-pregnancy body mass index

Nearly a third of all women in the United States are obese.18 Obesity in women before 

pregnancy has been associated with multiple complications in women, fetuses and neonates, 

including risk of diabetes, gestational hypertension, fetal demise, birth injuries, preterm 

birth, and neonatal mortality.19,20 There is limited data on outcomes of neonates born 

preterm in relation to maternal weight status prior to pregnancy. Chawla and colleagues 

evaluated risk of mortality and major neonatal morbidities in relation to maternal weight 

and obesity among EPT infants.14 The study cohort included EPT infants (GA 220/7 to 

286/7 weeks) born between January 2016 and June 2018 at NICHD NRN sites. Based 
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on pre-pregnancy body mass index (BMI), mothers were classified as underweight (BMI 

< 18.5 kg/m2); normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25 to 29.9 kg/

m2); and obese BMI ≥ 30 kg/m2. The primary outcome was survival to discharge without 

major morbidity, defined as presence of any of the following: grade III/IV intracranial 

hemorrhage (ICH), cystic periventricular leukomalacia (cPVL), late onset sepsis, stage 

≥2 necrotizing enterocolitis (NEC), bronchopulmonary dysplasia (BPD), or retinopathy of 

prematurity (ROP). Secondary outcomes were survival to hospital discharge, and survival 

without individual major neonatal morbidities.

A total of 2,415 infants were included in the analysis. There was a high prevalence of 

pre-pregnancy obesity (n=909, 38%), and overweight status (n= 568, 24%), with 938 

(38%) mothers having normal/underweight status. There was no significant difference in 

the incidence of survival without significant morbidity among the three groups: 31% in 

the normal/underweight group, 28% in the overweight group, and 28% in the obese group 

(p=0.65). Survival at hospital discharge was lowest for neonates in the obese group (76%), 

as compared to 82% in the normal/underweight group, and 83% in the overweight group, 

(p=0.02). Each unit increase in the maternal BMI was associated with lower odds of 

neonatal survival at discharge [adjusted odds ratio (aOR) 0.98, 95% Confidence Interval 

(CI): 0.96–0.99, p <0.01]. Survival without cPVL was lowest in the obese group (driven 

primarily by the impact of maternal obesity on survival): 73% in the obese group, 79% in 

the normal/underweight group, and 80% in the overweight group, (p<0.01). Survival without 

NEC was also lowest in the obese group (driven primarily by the impact of maternal obesity 

on survival); 71% in the obese group, 77% in the normal/underweight group, and 76% 

in the overweight group (p=0.02). The authors concluded that preconception counseling 

and weight management for women may help improve survival and reduce major neonatal 

morbidities among EPT infants.

Outcomes of extremely preterm infants born to adolescent mothers

There is scarcity of data on the neurodevelopmental outcomes of preterm infants born to 

adolescent mothers. Hoffman and colleagues evaluated the developmental and behavioral 

outcomes of EPT infants born to adolescent mothers (age <20 years) and explored the role 

of social and home constructs of these infants on neurodevelopmental outcomes evaluated 

at 18 to 22 months corrected age.13 Extremely preterm infants <27 weeks GA born 

between January 2008 and June 2011 at NICHD NRN sites, who underwent comprehensive 

neurologic and developmental evaluation, including Bayley Scales of Infant Development 

(BSID-III) and Brief Infant Social Emotional Assessment (BITSEA) were included in 

the analysis. The primary outcomes were BSID-III composite language and cognitive 

scores. Secondary outcomes were BITSEA scores, neurodevelopmental impairment, growth 

parameters and rehospitalization rates.

During the study period, 1,934 patients met the inclusion criteria; 211 were born to 

adolescent mothers and 1,723 were born to adult mothers. The mean age of adolescent 

cohort was 17.7 ±1.3 years, and the mean age of the adult cohort was 28.6 ±5.8 years. 

Adolescent mothers and their infants were more likely to have public insurance (75% vs. 

48%, p<0.001), more likely to have received services from a visiting nurse (54% vs. 46%, 
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p=0.02), and to be under state supervision (7% vs. 3%, p=0.01). The risk of rehospitalization 

was higher among infants born to adolescent mothers (56% vs. 46%, p=0.005). There was 

no significant difference in the BSID-III cognitive, language and motor composite scores or 

in the rate of neurologic impairment between the two groups. Infants of adolescent mothers 

had higher BITSEA/Problem Scale scores than those of adult women (mean 14.8 vs. 12.1, 

p <0.001), suggesting increased behavior and social problems. There was no significant 

difference in the weight and length at follow-up examination. However, infants born to 

adolescent mothers had smaller head size at 18 to 22 months of age, compared to infants 

born to adult mothers (46.4 ±2.1 cm vs. 46.8 ±2.3 cm, p=0.03).

The study concluded that EPT infants born to adolescent mothers experience many social 

and environmental risks and experience higher rates of behavioral problems. Access to 

comprehensive follow-up and coordinated care for both adolescent mothers and their 

children may improve their outcomes.

Racial disparities among extremely preterm infants in the United States

There are limited data regarding the role of race/ethnicity on survival, major morbidities, and 

neurodevelopmental outcomes of EPT infants over time. Travers and colleagues assessed 

whether racial/ethnic differences in hospital mortality, major morbidities and utilization of 

key care practices changed over time among EPT infants.15 This cohort study included EPT 

infants (GA 220/7 to 276/7 weeks) born between 2002 and 2016 at 25 different NRN sites. 

Classification of race/ethnicity was based on self-report by parents.

A total of 20,092 EPT infants (mean GA 25.1 ±1.5 weeks) were included of which 

8,331 (41.5%) were black infants, 3701 (18.4%) were Hispanic infants, and 8,060 (40.1%) 

were white infants. Hospital mortality decreased over time among infants of all races and 

ethnicity (black infants from 35% to 24%, Hispanic infants from 32% to 27%, and white 

infants from 30% to 22%; p = 0.59 for race × year interaction). The rates of late-onset sepsis 

were higher among black infants and Hispanic infants in the beginning, but were similar to 

white infants in recent years (from 37% to 24%, from 45% to 23%, and from 36% to 25%, 

respectively, p =0.02 for race × year interaction). As a marker of utilization of care practices, 

exposure to antenatal steroids among black infants and Hispanic infants were initially lower 

and increased at a faster rate over time as compared with white infants (from 72% to 90%, 

from 73% to 83%, and from 86% to 90%, respectively; p=0.01 for race × year interaction). 

Similarly, the rates of cesarean delivery among black infants and Hispanic infants were 

initially lower and increased at a faster rate over time as compared with white infants (from 

45% to 59%, from 49% to 59%, and from 62% to 63%, respectively; p =0.03 for race × year 

interaction). Thus, there has been narrowing of racial/ethnic disparities in some important 

neonatal care practices, including the use of antenatal corticosteroids, cesarean delivery and 

less late onset sepsis.
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Effect of antenatal corticosteroids

Use of antenatal steroids coupled with magnesium sulfate therapy

Antenatal therapies such as antenatal corticosteroids (ANS) and magnesium sulfate improve 

neonatal outcomes in preterm infants.21,22 While magnesium sulfate reduces cerebral palsy 

and gross motor dysfunction,22 administration of ANS reduces mortality, respiratory distress 

syndrome, NEC, ICH and systemic infections in the first 48 hours of life.21 Given these 

data, a large prospective observational NRN study conducted by Gentle et al investigated 

the long term outcomes after the utilization of a combination of these two therapies in 3093 

infants born between 220/7-266/7 weeks GA.23 Neurodevelopmental follow up was assessed 

at 18–26 months corrected age using the BSID-III. Infants exposed to both therapies had 

lower composite rates of severe neurodevelopmental impairment (NDI) or death (36.3%) 

as compared to either intervention alone [44.3%, adjusted odds ratio (aOR) 0.73; 95% CI 

0.58–0.91 for ANS; 53%; aOR 0.49; 95% CI 0.29–0.82 for magnesium sulfate) or neither 

therapy (48.2%; aOR 0.66; 95% CI 0.49–0.89)].23 When death and NDI were assessed 

separately, the notable reduction in death persisted in the combination group however, 

NDI among survivors did not differ between exposure groups. This study differed from a 

meta-analysis of magnesium sulfate exposure alone which did not demonstrate an effect on 

the composite outcome of NDI or death.22 However, only a minority of patients included in 

the meta-analysis were less than 30 weeks of gestation and the combination of magnesium 

sulfate with steroids was not addressed. Of note, in Gentle’s large multicenter NRN study, 

fewer babies received magnesium sulfate than antenatal steroids.23 The reason for this 

is unclear, but given the decreased composite outcome of death or NDI when antenatal 

steroids are given in combination with magnesium sulfate, this information could influence 

obstetrical practice and encourage the use of both drugs in combination.

Antenatal steroid use for periviable births

Management of EPT birth at the cusp of viability requires much collaboration among 

obstetricians, neonatologists and parents during this difficult decision making process.24 

Current obstetrical guidelines recommend the use of antenatal corticosteroids in threatened 

preterm birth between 24–34 weeks of gestation.25,26 In recent years, given the evolution 

of neonatal practices, increasing numbers of infants born at 22–23 weeks of gestation are 

being resuscitated.27 However, there remains a dearth of substantial clinical data supporting 

the use of antenatal corticosteroids in this cohort of infants.21 A large observational study 

conducted by Rysavy et al investigated live births at 220/7 - 266/7 weeks gestation in NICHD 

NRN centers and included follow up at 18–22 months corrected age.12 The purpose of this 

study was to describe the discordance in antenatal steroid use and resuscitation, where one 

and not the other was offered at different GAs and its correlation with infant survival and 

development. The authors found discordant antenatal corticosteroid use and resuscitation 

(where one and not the other occurred) were more frequent in the 22–23 weeks GA group 

(rate ratio [95% CI] at 22 weeks: 1.7 [1.3–2.2]; 23 weeks: 2.6 [2.2–3.2] as compared to older 

GAs. Interestingly, among infants born at 23 weeks, if the ANS rate was adjusted to the 

hospital average for 25-week GA neonates (89.2%), infant survival was projected to increase 

by 7.1% (95% CI 5.4–8.8%) and survival without impairment by 6.4% (95% CI 4.7–8.1%). 

However, this projection was not replicated in the 22-week GA group. This suggests there 
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may be value in routine use of ANS in situations where resuscitation of 23-week GA infants 

is contemplated. Randomized trials of ANS for these earliest gestations would be needed to 

prove this definitively.

Antenatal steroid use and outcomes in extremely preterm multiple gestation infants

While the practicality and efficacy of a single course of antenatal corticosteroids 

administered 24 hours to 7 days before delivery has been established in singleton 

pregnancies before 34 weeks,21 data on the effect of ANS on multiple gestation has been 

limited and conflicting. A study of 6925 premature multiples born at NICHD NRN centers 

between 22–28 weeks of gestation explored the effect of exposure to ANS and demonstrated 

lower in-hospital mortality [adjusted relative risk (ARR) 0.87, 95% CI 0.78–0.96] but no 

decrease in risk for composite NDI or death (aRR 0.93, 95% CI 0.84–1.03).9 This is in 

contrast to a sub-group analysis of preterm multiples in a meta-analysis conducted by 

Roberts et al21 and an earlier single center study by Hackman et al28 which both showed 

no difference in mortality in multiples exposed to ANS as compared to those who were not. 

Differences in the effects of ANS on multiples as compared to singleton pregnancies may 

be due to differing pharmacokinetics of the drug in singleton versus multiple gestations. 

Data remain conflicting regarding the pharmacokinetics of ANS in multiple gestation 

pregnancies. One study demonstrated a shorter half-life and greater clearance of ANS in 

twin pregnancies suggesting the need for a higher dose in multiples to achieve effective 

therapeutic levels,29 while another suggested adequacy of the current dose.30

On further subgroup analysis in the NRN study,9 small for GA (SGA) infants exposed to 

ANS had higher risk for mortality and the composite outcome of NDI or mortality (aRR 

1.4, 95% CI 1.02–1.93 and aRR 1.62, 95% CI 1.22–2.16 respectively) than their AGA 

counterparts. While this could be explained by the fact that SGA infants have higher levels 

of endogenous steroids due to stress and thus may have altered responses to ANS31 this 

finding was not seen in other studies such as one from the Vermont Oxford Network32 which 

actually showed decreased death in SGA infants exposed to ANS. An earlier study33 using 

NRN data demonstrated no significant differences in death or NDI in SGA infants. These 

conflicting data warrant further investigation.

Differential exposure to antenatal corticosteroids

Antenatal corticosteroids reduce mortality and morbidity in preterm infants.21,34 However, 

most of these data come from comparisons between infants who received either a full course 

of ANS or no ANS exposure. Most studies probing outcomes of ANS exposed infants do not 

evaluate partial courses separately from the group who received full courses or no ANS.35,36 

A complete course of ANS is defined as 2 intramuscular doses of betamethasone given 24 

hours apart (the more commonly used regimen) or 4 doses of dexamethasone given 12 hours 

apart. Due to time constraints or maternal/fetal factors, it is not always possible for a course 

of ANS to be completed prior to birth. Data are sparse regarding the comparative effects of 

differential exposure to steroids.

A subgroup analysis of a previous NRN study by Carlo et al found benefits after a 

partial course of ANS on the composite outcome of death or NDI.33 This prompted larger 
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NRN studies specifically investigating the dose dependent effects of ANS on death or 

neurodevelopmental outcomes of premature infants.7,10,11 Using the NRN GDB, Chawla et 

al conducted an observational cohort study of infants born between 22–27 weeks. These 

infants were categorized into 3 separate groups-no ANS exposure, partial ANS exposure 

and complete ANS exposure, and the infants were followed to 18–22 months corrected 

age for the primary outcome of death or NDI.10 NDI was defined as any of the following: 

moderate to severe cerebral palsy, a cognitive score <85 on the BSID-III, blindness or 

deafness. Mortality was decreased most significantly in the group exposed to a full course 

of ANS (aOR 0.66, 95% CI 0.55–0.79, full course vs. no steroids), although even a partial 

course was also shown to be advantageous over no exposure to ANS (aOR 0.76, 95% CI 

0.62–0.93). Moreover, rates of the primary outcome (death or NDI) were also decreased 

in the full ANS group (aOR 0.63, 95% CI 0.53–0.76) and partial ANS groups (aOR 0.77, 

95% CI 0.63–0.95) compared with the no ANS group. Intact survival without significant 

NDI, blindness or hearing loss was also highest in the complete ANS group and lowest 

in the unexposed group.10 Although the mechanism of the beneficial effects of ANS is 

currently unknown, preclinical studies point to a potential pathway which could involve the 

protective effects of ANS on cerebral blood flow by increasing cerebrovascular resistance37 

and reducing blood brain barrier permeability,38 thus reducing ICH and cPVL.

Another prospective observational study using the NRN Generic Database conducted by 

Travers et al11 corroborated the benefits of exposure to even an incomplete course of 

steroids. This study included extremely low birth weight infants born between 220/7 - 

286/7 days GA and analyzed the rate of death and the rate of physiological BPD by 36 

weeks post-menstrual age by level of exposure to antenatal steroids. Death rates were lower 

amongst infants exposed to any steroids (any steroids vs. no steroids; 22.7% vs. 41.5%; aRR 

0.71, p<0.0001). Rates of BPD in survivors were not significantly changed regardless of 

level of ANS exposure.

An observational cohort NRN study compared short term outcomes of moderately preterm 

infants (290/7-336/7 GA) exposed to no ANS, a partial course of ANS or a complete course 

of ANS.7 The authors reported a graded response to the ANS with a complete ANS course 

associated with lowest rates of surfactant treated respiratory disease and ICH compared to 

the partial ANS group or no ANS group in the moderate preterm infants.

These data strongly suggest improved neonatal outcomes even in those infants exposed only 

to partial courses of ANS7,10,11 and support the administration of ANS even in scenarios 

where it is unlikely that the ANS course will be completed prior to birth due to time 

constraints.

Periviability

Periviable birth is often defined as occurring between 200/7 and 256/7 weeks of gestation.39 

Infants born at these extremely early GAs have high mortality rates, and survivors have high 

risk for disability. Outcomes data about infants born at extremely early GAs are essential 

for informing care practices as well as defining a research agenda to improve the outcomes 

of these vulnerable infants. The NICHD NRN routinely utilizes both the generic database 
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of inborn infants <29 weeks GA and the follow-up database of two-year corrected age 

outcomes of inborn infants <27 weeks GA to provide critical outcome data for infants born 

at the lowest GA and birth weights. Serial reports of outcomes from the NRN databases have 

distinct advantages over comparisons across different cohorts because the composition of 

the NRN is relatively stable over time, criteria for inclusion in the databases are consistent, 

and approaches to ascertainment of outcomes are standardized. As such, relevant shifts 

in important patient outcomes as a result of changes in care practices and population 

characteristics over time may be easier to measure.

Survival at periviable GA was nearly zero in the 1940s, and survival has steadily increased 

since that time.40 Serial reports from the NRN have been instrumental in demonstrating the 

clear decreases in mortality for this group of infants. Two of the most recent large reports 

from the NRN, published in 2015 and 2022, demonstrate continued gains, particularly 

among infants born at 23 and 24 weeks of gestation (Fig. 1).5,41 In the most recent 

cohort, among infants born 2008–2012, 49.4% of all infants born at 23 weeks GA and 

69.9% of infants born at 24 weeks GA survived to discharge or remained in the hospital 

one year after birth.41 Yet, survival is not the only objective and not the only outcome 

reported by the NRN. Rates of survival to discharge without neonatal morbidities and rates 

of survival to childhood without disability remain important considerations when caring 

for infants born at the limits of viability. In contrast to the clear decreases in mortality, 

rates of neurodevelopmental morbidities among survivors of periviable birth have not 

decreased markedly in recent years. A 2017 report from the NICHD NRN focused on 

the neurodevelopmental outcomes of infants born at 22–24 weeks of gestation.42 Compared 

to earlier epochs, infants born at 23 and 24 weeks in 2008–2011 had a higher chance of 

survival without NDI at 18–22 months corrected age. Equally importantly, however, rates of 

survival with NDI did not decrease over the same period. Unfortunately, use of the BSID-III 

in the later years, as compared to the Bayley Scales of Infant Development-2nd Edition in the 

earlier years, make these comparisons more challenging to interpret.

The most recent NRN report about neurodevelopmental outcomes of periviable infants 

demonstrates stable rates of survival without NDI (Fig. 2, panel A) and higher rates of 

survival with NDI in infants born at 22–24 weeks of gestation in 2013–2016 (followed 

in 2015–2019) as compared to those born in 2008–2011. Notably, this includes modestly 

higher rates of cognitive delay (BSID-III cognitive composite score <85) and higher rates of 

moderate or severe cerebral palsy [Gross Motor Function Classification System (GMFCS) 

level 2–5] among infants born 22–24 weeks of gestation than in the prior report (Fig. 2, 

panel B).41,42 Infants born in 2008–2011 were evaluated at 18–22 months corrected age, 

whereas those born in 2013–2016 were evaluated at 22–26 months corrected age, which 

could have influenced these findings. An additional study by NICHD NRN investigators 

included infants born between these epochs and followed at 18–26 months corrected age 

2011–2015.43 This study excluded infants with congenital anomalies and reported somewhat 

lower rates of cognitive delay (35%) and similar rates of GMFCS level 2–5 (16%) among 

infants born 22–24 weeks GA and seen in follow-up.

While cognitive development and GMFCS level are critical outcomes for periviable infants 

and families, other medical and developmental outcomes may have significant impacts on 
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health-related quality of life. Again, the NICHD NRN has capitalized on the long-standing 

GDB and follow-up registries to provide critical data about these outcomes. The NRN has 

reported rates of medical resource utilization at 18–22 months corrected age, by birth GA 

and level of developmental impairment at follow-up.44 For example, among infants born 

at 22–23 weeks gestation who survived to follow-up at 18–22 months, 60% have been 

rehospitalized, 21% were on medications for asthma or bronchopulmonary dysplasia, 50% 

were receiving physical or occupational therapy, and 5% were receiving tube feedings.

Lastly, the NRN provides an opportunity to provide robust data about the small numbers 

of infants born at the most extreme limits of viability. A recent publication reported the 

outcomes of infants with birth weight <400 grams and 22–26 weeks of gestation.45 Of 

205 infants, 101 (49.3%) received active treatment at birth and 26 (12.7%) survived to 

discharge. Two of these infants died between discharge and 2 years corrected age. Among 

those seen in follow-up during the study period, 14 of 19 (74%) had moderate or severe 

neurodevelopmental impairment. Medical problems were frequent: 63% (12 of 19) had been 

re-hospitalized since discharge, 63% (12 of 19) had growth problems, 42% (8 of 19) used 

medical equipment, and 26% (5 of 19) had vision impairment at 18–26 months corrected 

age. The granular medical and developmental data reported for these relatively uncommon 

but important infants are essential for thoughtful clinical care and counselling of families 

who face imminent delivery of an extremely small infant or decisions around provision of 

life-sustaining medical treatment. An on-going study, the All Birth Cohort, is collecting data 

on all births between 20–28 weeks estimated GA at NRN centers including not just live 

births but stillbirths as well and will provide even more understanding in the coming years.

Delivery room management

The NRN consistently contributes evidence to inform DR practices of preterm infants. 

Recent work has focused on two topics: DR management for moderate preterm infants and 

placental transfusion for EPT infants.

Moderately preterm infants (born from 29–33 weeks’ gestation) represent a large proportion 

of preterm infants admitted to the neonatal intensive care unit (NICU) each year, yet this 

population is relatively understudied compared with EPT infants. The NRN’s time-limited 

observational study of MPT infants from 2012–2013 provided valuable data to better 

understand DR interventions and outcomes for MPT infants.

Bajaj et al categorized 7,014 MPT infants into 5 groups according to the most intense 

DR intervention received.8 This study demonstrated that MPT infants receive more DR 

intervention than infants born late preterm or term, with 24% infants receiving routine 

care (no additional support), 32.5% oxygen and/or continuous positive airway pressure, 

26.1% bag and mask ventilation, 14.7% endotracheal intubation, and 2.7% cardiopulmonary 

resuscitation (chest compressions and/or epinephrine). Factors associated with less 

likelihood of all levels of DR intervention included increasing GA, exposure to antenatal 

steroids, and prolonged rupture of membranes. After adjusting for important baseline 

characteristics, increased intensity of DR interventions was independently associated with 
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mortality and NICU care (longer duration of respiratory and nutritional support, longer 

length of stay).

Defining the incidence of DR interventions across a multicenter setting is an important 

contribution to the resuscitation literature. These data help inform hospital resuscitation 

guidelines for moderate preterm infants to ensure teams are optimally staffed and prepared 

to support neonatal transition for these infants immediately after birth.

The NRN previously demonstrated that hypothermia and hyperthermia on NICU admission 

are associated with morbidity and mortality for EPT infants.46 More recently, Laptook et al 

assessed NICU admission temperatures for 5,818 MPT infants and 3,213 EPT infants born 

in 2012–2013.47 The temperature distribution significantly differed between these cohorts; 

a greater proportion of MPT infants were normothermic on admission (36.5°C-37.5°C)48 

compared with EPT infants (57.3% vs 52.9%). Both hypothermia and hyperthermia were 

more common among EPT infants. Admission temperature was inversely associated with 

in-hospital mortality across the entire cohort (EPT and MPT infants).

Importantly, the authors also found that NICU admission temperatures for EPT were 

generally higher when compared with a cohort of EPT infants born a decade earlier. Twice 

as many EPT infants in the contemporary era were normothermic on admission (»25% in 

the older cohort vs »53% in the recent cohort), and the proportion of infants with admission 

temperatures >37.5°C more than tripled (2%−6.1%). These data suggest the efficacy of 

efforts to prevent hypothermia in the DR for EPT infants but also emphasize the need to 

carefully monitor temperatures to avoid hyperthermia.

Umbilical cord management in the delivery room

Optimal umbilical cord management practices have been the focus of many RCTs. Some 

trials suggest placental transfusion practices such as delayed cord clamping or cord milking 

reduces the risk of mortality and/or morbidity for preterm infants, but these results are not 

consistent.49 Further, DR interventional trials often rely on antenatal consent, resulting in 

selected study populations that may not represent all preterm infants.50 The NRN conducted 

multiple observational studies to identify the impact of umbilical cord management practices 

on mortality and morbidity for EPT infants enrolled in the GDB. This line of work adds an 

important contribution of clinical data from non-research settings to the evolving literature.

Kumbhat et al studied 3116 infants born <29 weeks’ GA without anomalies between 2016–

2017 who received active treatment after delivery.16 Mortality and in-hospital outcomes 

were compared between infants who received any form of placental transfusion (delayed 

cord clamping or umbilical cord milking) and infants treated with immediate cord clamping. 

In this cohort, placental transfusion occurred in 40% of infants and was not associated with 

the primary composite outcome of in-hospital mortality or morbidity (defined as severe 

brain injury, NEC, late onset sepsis, BPD, or severe ROP). However, placental transfusion 

was independently associated with a reduction in the adjusted odds of mortality before 36 

weeks’ post-menstrual age (aOR 0.71, 95% CI 0.55 to 0.92). Subsequently, Kumbhat et al 

directly compared outcomes following two common placental transfusion practices (delayed 

cord clamping vs. umbilical cord milking) among 1834 infants born before <29 weeks’ 
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gestation.17 There was no difference between groups in the adjusted odds of the primary 

outcome, a composite of in-hospital mortality by 36 weeks post-menstrual age or severe 

IVH. However, severe IVH was more frequent amongst infants exposed to umbilical cord 

milking (19.8%) compared with those who received delayed cord clamping (11.8%), aOR 

1.70 (95% CI 1.20, 2.43). These results were consistent with the results of the largest RCT 

on this topic,51 providing more evidence suggesting that umbilical cord milking should be 

avoided among EPT infants. Ongoing work is focused on identifying the impact of umbilical 

cord management on neurodevelopmental outcomes for EPT infants.

Conclusion

The NICHD NRN has contributed significantly to our understanding of how antepartum 

factors and perinatal management of mothers and newborn infants affect neonatal outcomes. 

Many questions remain as to best perinatal practices. The NRN remains well equipped and 

poised to address current perinatal questions both now and in the future.
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Abbreviation:

ANS Antenatal corticosteroids

aOR Adjusted odds ratio

ARR Adjusted relative risk

BITSEA Brief Infant Social Emotional Assessment

BMI Body mass index

BPD Bronchopulmonary dysplasia

BSID-III Bayley Scales of Infant Development-III

CI Confidence interval

CPAP Continuous positive airway pressure

cPVL Cystic periventricular leukomalacia

DR Delivery room

EPT Extreme preterm

GA Gestational age
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GDB Generic Database study

GMFCS Gross Motor Function Classification System

ICH Intracranial hemorrhage

MPT Moderate preterm infants

NEC Necrotizing enterocolitis

NICHD Eunice Kennedy Shriver National Institute of Child Health and 

Human Development

NICU Neonatal intensive care unit

NDI Neurodevelopmental impairment

NRN Neonatal Research Network

OR Odds ratio

RCT Randomized controlled trial

ROP Retinopathy of prematurity

SGA Small for gestational age

SUPPORT Surfactant, Positive Pressure, and Oxygenation Randomized Trial

VON Vermont-Oxford Neonatal Network
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Fig. 1 –. 
Percent of liveborn infants who survived to hospital discharge in the NICHD NRN, by 

gestational age.5,41

Ramachandran et al. Page 16

Semin Perinatol. Author manuscript; available in PMC 2024 February 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2 –. 
Death, survival with neurodevelopmental impairment, and survival without 

neurodevelopmental impairment (A) and selected neurodevelopmental morbidities among 

survivors (B) among infants born at 22–24 weeks gestational age in the NICHD NRN, 

2008–2011 and 2013–2016. Infants born in 2008–2011 were followed at 18–22 months 

corrected age; infants born in 2013–2018 were followed at 22–26 months corrected age. 

Cognitive delay was defined as <85 on the Bayley Scales of Infant and Toddler, 3rd Edition. 

Moderate or severe cerebral palsy was defined as Gross Motor Function Classification 

System level 2–5.41,42
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