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Abstract

Objective: To describe discordance in antenatal corticosteroid use and resuscitation following
extremely preterm birth and its relationship with infant survival and neurodevelopment.

Study design: A multicenter cohort study of 4858 infants 22—-26 weeks’ gestation born 2006—
2011 at 24 U.S. hospitals participating in the NICHD Neonatal Research Network, with follow-up
through 2013. Survival and neurodevelopmental outcomes were available at 18-22 months’
corrected age for 4576 (94.2%) infants. We described antenatal interventions, resuscitation, and
infant outcomes. We modeled the effect on infant outcomes of each hospital increasing antenatal
corticosteroid exposure for resuscitated infants born at 22—-24 weeks’ gestation to rates observed at
25-26 weeks’ gestation.

Results: Discordant antenatal corticosteroid use and resuscitation, where one and not the other
occurred, were more frequent for births at 22 and 23 but not 24 weeks (rate ratio [95%CI] at 22
weeks: 1.7 [1.3-2.2]; 23 weeks: 2.6 [2.2-3.2]; 24 weeks: 1.0 [0.8-1.2]) when compared to 25-26
weeks. Among infants resuscitated at 23 weeks, adjusting each hospital’s rate of antenatal
corticosteroid use to the average at 25-26 weeks (89.2%) was projected to increase infant survival
by 7.1% (95% CI 5.4-8.8%) and survival without severe impairment by 6.4% (95%CI 4.7-8.1%).
No significant change in outcomes was projected for infants resuscitated at 22 weeks, where few
(n=22) resuscitated infants received antenatal corticosteroids.

Conclusions: Infants born at 23 weeks were more frequently resuscitated without antenatal
corticosteroids than other extremely preterm infants. When resuscitation is intended, consistent
provision of antenatal corticosteroids may increase infant survival and survival without
impairment.

Trial registration ClinicalTrials.gov NCT00063063 (Generic Database) and NCT00009633
(Follow-Up Study)

Management of extremely preterm birth requires collaboration between obstetricians and
neonatologists to take into account the balance of risks and benefits to the mother and child.
1.2 Current guidelines recommend that obstetricians administer antenatal corticosteroids
within 7 days prior to birth for pregnancies threatening to deliver at 24 to 34 weeks’
gestation.3~> However, many neonates born at 22 and 23 weeks of gestation now receive
intensive care following birth,® and there is a paucity of clinical trial evidence to support
antenatal corticosteroid use for births at these earlier gestations.”

Although previous observational studies have shown that exposure to antenatal
corticosteroids is associated with improved infant survival and neurodevelopmental
outcomes,®-10 the extent of potential benefit from a uniform approach to providing antenatal
corticosteroids at extremely preterm gestations remains unknown. We undertook this study
to better understand how obstetric provision of antenatal corticosteroids corresponds with
resuscitation and other aspects of antenatal management of extremely preterm live births in
the U.S. Based on outcomes observed in our cohort, we evaluated the potential impact of
increasing hospital rates of antenatal corticosteroid provision among resuscitated infants to
rates observed for births at later gestational ages.
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We studied live births at 22 0/7 through 26 6/7 weeks’ gestation in 24 U.S. hospitals
participating in the NICHD Neonatal Research Network from April 1, 2006, to March 31,
2011. Live births included infants who died in the delivery room (n=740). Infants with
recognized syndromes or major congenital malformations were excluded from the analyses
(n=213), as factors besides prematurity may have influenced management decisions. All
hospitals contributed data for the entire study period.

Data collection

Trained research personnel at each hospital obtained maternal and neonatal data and
submitted them to a central data-coordinating center (RTI International). Demographic and
clinical data, including for antenatal and postnatal therapies, were extracted from medical
records. Gestational age at birth was determined by identifying the date of the mother’s last
menstrual period and by fetal ultrasound, or if those methods were unavailable, by clinical
estimation after birth.1! Birth weight for gestational age was compared with sex-specific
growth curves.12

The institutional review board at each participating site approved the in-hospital and follow-
up protocols. Written informed consent from a parent or guardian was obtained for the
follow-up protocol at 20 hospitals and for the in-hospital protocol at 2 hospitals. For all other
hospitals, the institutional review board approved a waiver of consent.

Obstetric and neonatal interventions

Outcomes

Obstetric intervention with antenatal corticosteroids was categorized as having occurred if
the mother received at least one dose of betamethasone or dexamethasone prior to delivery,
including any dose received at an outside hospital. Information on the timing of antenatal
corticosteroid administration, drug dosage, and the number of doses or courses of treatment
was not available in our dataset.

Additional information on obstetric intervention included data on rates of cesarean section
and provision of antepartum antibiotics during the birth hospitalization. Data on the use of
magnesium sulfate for fetal neuroprotection were not collected during the study period.

Infants were categorized as receiving resuscitation if they were exposed to any of the
following potentially lifesaving interventions after birth: tracheal intubation, positive-
pressure ventilatory support, surfactant therapy, chest compressions, epinephrine, or
parenteral fluids.® All infants not receiving one of these measures died shortly after birth.

Data on survival and neurodevelopmental outcomes were collected at 18 to 22 months’
corrected age by certified examiners unaware of exposure to antenatal corticosteroids or
other interventions. Neurodevelopmental assessment consisted of a structured neurologic

examination and developmental and behavioral tests, which have been described elsewhere.
13
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Severe impairment was defined as a cognitive or motor score on the Bayley Scales of Infant
and Toddler Development, third edition (Bayley-I11), of < 70 (ie, >2 SD below the scale
mean; mean+SD, 100+15), severe cerebral palsy, a Gross Motor Function Classification
System (GMFCS) level of 4 or 5 (with 0 as normal and 5 most impaired), bilateral blindness
(visual acuity <20/200), or severe bilateral hearing impairment uncorrected by amplification.
Moderate impairment was defined as a Bayley-111 cognitive or motor score of 70 to 84, (i.e.,
1 to 2 SD below the scale mean), moderate cerebral palsy, or a GMFCS level of 2 or 3.
GMFCS scores were taken into account regardless of cerebral palsy diagnosis. Bayley-I11
motor scores were ascertained for assessments on or after January 1, 2010; data for all other
criteria were ascertained throughout the study period.

Statistical analyses

RESULTS

We calculated rates and 95% confidence intervals of obstetric intervention and resuscitation
among live births by hospital and gestational age. Demographic, clinical characteristics, and
outcomes of resuscitated infants were compared by gestational age at birth and exposure to

antenatal corticosteroids.

To estimate the potential impact of increasing hospital rates of antenatal corticosteroid use
for resuscitated infants, we developed gestational age-specific multivariable multilevel
logistic regression models with birth hospital as a random effect and infant outcome as the
dependent variable. Hospital rates of antenatal corticosteroid use among resuscitated infants
were included as a continuous variable in the hospital level of the models. At the individual
level, models were adjusted for birth weight (grams), sex, plurality of birth (singleton versus
multiple) and the mother’s age (<19 years versus >19 years), race (white, black, or other),
ethnicity (Hispanic versus non-Hispanic), enrollment in private health insurance (yes versus
no), receipt of prenatal care (=1 visit versus no visits), hypertension during pregnancy (yes
versus no), insulin-dependent diabetes (yes versus no), and clinical chorioamnionitis (yes
versus no). These covariates were selected on the basis of previous research in this cohort.®
Based on the actual outcomes observed in our cohort, we projected the estimated change in
infant outcomes that would result from increasing each hospital’s rate of antenatal
corticosteroid exposure among resuscitated infants born at 22—-24 weeks to the average rate
for resuscitated infants born at 25-26 weeks’ gestation, with all other factors remaining the
same.

All statistical analyses were conducted at RTI International. Multilevel modeling was
performed using Stata/MP software, version 14.0 (StataCorp). Other analyses were
performed using SAS software, version 9.4 (SAS Institute). Two-sided Pvalues < .05 were
considered to indicate statistical significance.

Of 4858 live births, 3803 (78.3%) were exposed to antenatal corticosteroids and 4327
(89.1%) infants were resuscitated. In 619 (12.7%) births, resuscitation was initiated but no
antenatal corticosteroids were given. In 95 (2.0%) births, antenatal corticosteroids were
administered but no resuscitation was attempted.

J Pedliatr. Author manuscript; available in PMC 2020 May 01.
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Rates of obstetric and neonatal intervention differed by hospital of birth. Hospital rates of
antenatal corticosteroid exposure ranged from 0.0-100% for births at 22 weeks, and from
10.3-95.2%, 59.1-100%, 64.3-100%, and 42.6-100% for births at 23, 24, 25, and 26 weeks,
respectively. Hospital rates of resuscitation ranged from 0.0-100% at 22, 25.9-100% at 23,
66.7-100% at 24, 83.3-100%, and 66.7-100% at 26 weeks.

Clinical and demographic characteristics of resuscitated infants categorized by gestational
age and ANS exposure are summarized in Table I.

Comparison of antenatal corticosteroids with other obstetric interventions

Among births at 22, 23, and 24 weeks’ gestation, 9.8%, 55.8%, and 89.8% were exposed to
antenatal corticosteroids, respectively, and rates of exposure at 25 and 26 weeks’ gestation
were 89.9% and 88.4%, respectively. Rates of birth by cesarean section followed a similar
pattern, with rates of 4.8%, 19.8%, 61.9%, 68.5%, and 70.2% for infants at 22, 23, 24, 25
and 26 weeks, respectively. Rates of antibiotic exposure during the birth hospitalization and
before the time of birth varied less by gestational age, with 47.9%, 65.3%, 72.8%, 72.7%
and 67.5% of births exposed at 22, 23, 24, 25, and 26 weeks, respectively. Rates of these
interventions varied by hospital and gestational age at birth (Figure 2, Figure 3, and Table
IV; available at www.jpeds.com).

Among resuscitated infants born at 22 and 23 weeks’ gestation, 38.0% and 15.3%,
respectively, were not exposed to antenatal corticosteroids but were exposed to antepartum
antibiotics during the birth hospitalization. At 24, 25, and 26 weeks, these rates were
between 2.4 and 3.4%. There were no substantial differences by gestational age in the
proportion of resuscitated infants born by cesarean section and not exposed to antenatal
corticosteroids, with rates between 5.1 and 8.9% (Table V; available at www.jpeds.com).

Discordance in antenatal corticosteroid provision and resuscitation

Rates of discordance between antenatal corticosteroid provision and resuscitation by
gestational age week and day are shown in Figure 1. The highest rates of discordance
occurred at 23 weeks; nearly 1/3 of live births at this gestation were discordant. Among live
births at 23 weeks, 7.3% of births were exposed to antenatal corticosteroids but not
resuscitated and 23.3% were resuscitated but were not exposed to antenatal corticosteroids.

Using the rate of discordance for births at 25 and 26 weeks (10.8%) as a reference, rates of
discordance were greater for births at 22 and 23 weeks’ gestation but not at 24 weeks (rate
ratio and 95% confidence interval at 22 weeks: 1.7 [1.3-2.2]; 23 weeks: 2.6 [2.2-3.2]; 24
weeks: 1.0 [0.8-1.2]). Rates of discordance were highest for births during the end of the
22nd gestational week and beginning of the 237 week (Figure 1).

Discordance and infant outcomes

Outcomes at 18-22 months’ corrected age were known for 4575 (94.2%) infants. Outcomes
at 18-22 months’ corrected age for resuscitated infants are summarized in Table II,
categorized by gestational age and exposure to antenatal corticosteroids. The 531 infants
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who were not resuscitated died shortly after birth, regardless of gestational age or exposure
to antenatal corticosteroids.

Using multivariable models that adjusted for differences in clinical and demographic patient
characteristics among hospitals (Table VI; available at www.jpeds.com), we projected
outcomes for resuscitated infants born at 22, 23, and 24 weeks’ gestation based on the
assumption that 89.2% of infants at each hospital could have been exposed to antenatal
corticosteroids. The 89.2% threshold represents the average rate of antenatal corticosteroids
for resuscitated infants born at 25 and 26 weeks’ gestation in our cohort; in other recent
cohorts, similar rates (85-93%) were observed for preterm infants.14-16 Table 111 shows how
the projected outcomes compare with actual observed outcomes at each gestation.

For births at 23 weeks, if all hospitals achieved the rate of antenatal corticosteroid exposure
observed among resuscitated infants at 25-26 weeks, a 7.1% (95% CI 5.4-8.8%) absolute
increase in survival, from 33.3% to 40.4%, was projected. The projected effect on survival
without severe impairment at 23 weeks was a 6.4% (95% CI 4.7-8.1%) absolute increase,
from 25.2% to 31.6%. The precision of the effect of reducing discordance at 22 weeks was
limited by the small sample at this gestational age (n=22 resuscitated infants exposed to
antenatal corticosteroids). For births at 22 weeks, the projected effect of increased antenatal
corticosteroid use was a 2.1% (95% CI —1.9-8.4%) increase in infant survival, which was
not statistically significant; the estimated effect on survival without impairment could not be
determined due to small numbers that precluded model convergence. At 24 weeks’ gestation,
rates of discordance were similar to those at 25 and 26 weeks and so outcomes were not
projected to change.

DISCUSSION

In a study of live births at U.S. medical centers participating in the NICHD Neonatal
Research Network, we found discordance in the provision of antenatal corticosteroids and
resuscitation at the earliest gestational ages that was associated with survival and survival
without impairment. The discordance was most pronounced for infants born at 23 weeks’
gestation.

The provision of antenatal corticosteroids with no subsequent resuscitation, as occurred in
2.0% of live births, may represent appropriate, on-going evaluation of the goals of care.
However, where postnatal care is directed at prolonging life, non-provision of antenatal
corticosteroids, as occurred in 12.7% of cases, may represent a missed opportunity. It is
possible that treatment with antenatal corticosteroids was intended in some cases but not
provided due to a lack of time to administer the medication. We did not have information
available on the length of time between when a pregnant woman arrived at the hospital and
birth. However, we observed that many births at 22 and 23 weeks’ gestation that were not
exposed to antenatal corticosteroids were exposed to antibiotics during the birth
hospitalization and before the time of birth, and that the rate of such antibiotic use was
similar across gestational ages. Other studies have suggested that antenatal corticosteroids
may have physiologic benefits to the infant, such as through decreased intraventricular
hemorrhage, after only several hours.1”- 18 Qur findings raise the question of whether rates
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of antenatal corticosteroid provision among resuscitated infants at these early gestations
could feasibly be increased. Our study shows that, particularly for births at 23 weeks, such
an increase may improve infant survival and survival without impairment.

U.S. data from Ehret et al, covering 2012—-2016 (after the period of our study), suggest that
an increase in antenatal corticosteroid use in patients similar to those in our cohort may be
possible.1% Among infants resuscitated after birth in that study, the proportions exposed to
antenatal corticosteroids by gestational age were: 52.4% at 22 weeks, 82.7% at 23 weeks,
89.3% at 24 weeks, and 90.8% at 25 weeks. This compares with 31.2% at 22 weeks, 61.1%
at 23 weeks, 88.6% at 24 weeks, and 89.5% at 25 weeks in our study. Notably, rates of
resuscitation for the earliest gestational ages were also higher in this more recent cohort
(30.8% at 22 weeks; 87.1% at 23 weeks) compared with our cohort from 2006-2011 (22.1%
at 22 weeks; 71.8% at 23 weeks).

Our study, which included nearly 5000 live births at major U.S. academic hospitals, provides
important information on obstetric and neonatal management of extremely preterm birth in
the U.S. However, it has several important limitations, including a lack of information on the
dose, timing, and clinical decision-making surrounding antenatal corticosteroid
administration. Based on the data available to us, we studied only live births; however,
stillbirth is a potential outcome when decisions about administering antenatal corticosteroids
and other obstetric interventions are made. Moreover, we did not have data on the
pregnancies exposed to antenatal corticosteroids between 22 and 26 weeks’ gestation where
birth took place after 26 weeks’ gestation; this group requires further study.® Our study
cohort included 24 hospitals providing tertiary care; however, because tertiary care is
recommended for extremely preterm delivery, our cohort is relevant.? Although our study
demonstrated discordance between antenatal corticosteroid provision and resuscitation
among live births, it cannot explain the causes of such discordance, such as time constraints,
inadequate communication, changing goals of care, or clinician concerns about the evidence
for antenatal corticosteroid efficacy and safety at extremely early gestations.

Other studies have shown differences in the perspectives of obstetricians and neonatologists
regarding management of extremely preterm birth. In a survey of physicians in Nottingham,
U.K., neonatologists were more likely than obstetricians to recommend antenatal
corticosteroids for periviable births.20 More recently, qualitative research studying physician
decision-making during simulation exercises at a U.S. medical center found that
obstetricians and neonatologists often deferred questions about steroid administration to the
other specialty. The authors posited that “institutional differences in antenatal corticosteroid
administration may reflect variation in the quality of communication that occurs between
obstetricians and neonatologists in and across their respective institutions.”?1

Variation may also exist due to the paucity of clinical trial evidence to support or refute the
use of antenatal corticosteroids for extremely preterm birth. A meta-analysis published in
2016 showed that, among infants resuscitated at 22 and 23 weeks, provision of antenatal
corticosteroids was associated with higher rates of survival to hospital discharge.2? However,
data were limited to observational studies. The most recent Cochrane review of this subject
included only 49 infants born at <26 weeks’ gestation.” The only trial of antenatal
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corticosteroids for extremely premature infants born at 22 and 23 weeks’ gestation that we
found listed on ClinicalTrials.gov was withdrawn by the sponsor before the start of
enrollment.23

Despite the paucity of trial evidence for births at <26 weeks’ gestation, guidelines published
in 1994 by the National Institutes of Health (NIH) recommended antenatal corticosteroids
for mothers in labor from 24 to 34 weeks’ gestation.24 At the time, few infants born at less
than 24 weeks were expected to survive.2>: 26 However, neonatal practices and outcomes
have changed in the subsequent two decades. In 2014 (after the period of this study), an NIH
workshop on periviable birth held jointly with the American Academy of Pediatrics (AAP),
American College of Obstetricians and Gynecologists (ACOG) and the Society for
Maternal-Fetal Medicine (SMFM), recommended administering antenatal corticosteroids for
births at 23 weeks’ gestation.! More recently, a 2016 consensus statement issued by ACOG
and SMFM stated that clinicians should “consider” antenatal corticosteroids for births at 23
weeks but did not provide the same strength of recommendation for antenatal corticosteroid
use at 23 weeks as at 24 weeks.® These recent incongruent guidelines highlight the on-going
uncertainty about antenatal corticosteroid use at the earliest gestational ages. It is unclear
what impact the guidelines will have on clinical practice.

In this study of U.S. hospitals participating in the NICHD Neonatal Research Network, we
observed that infants born at 23 weeks’ gestation were more likely than other extremely
preterm infants to be resuscitated without prior provision of antenatal corticosteroids. We
estimated that, where infant resuscitation is intended, a more consistent approach to
provision of antenatal corticosteroids may improve infant survival and survival without
impairment.
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Los Rables Hospital and Medical Center, and Olive View Medical Center (U10 HD68270) —
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Georgia E. McDavid, RN; Brenda H. Morris, MD; M. Layne Poundstone, RN BSN; Peggy
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Hospital of Michigan (U10 HD21385) — Athina Pappas, MD; John Barks, MD; Rebecca
Bara, RN BSN; Laura A. Goldston, MA; Mary Johnson, RN BSN; Geraldine Muran RN
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The following hospitals participated in this study:

University Hospital, Birmingham, AL

El Camino Hospital, Mountain View, CA

Lucile Salter Packard Children’s Hospital at Stanford, Palo Alto, CA
Bridgeport Hospital, Bridgeport, CT

Yale-New Haven Hospital, New Haven, CT

Crawford W. Long Hospital, Atlanta, GA

Grady Memorial Hospital, Atlanta, GA

University of lowa Children’s Hospital, lowa City, 1A

Methodist Hospital, Indianapolis, IN

Riley Hospital for Children, Indianapolis, IN

University Hospital, Indianapolis, IN

Wishard Hospital, Indianapolis, IN

Floating Hospital for Children at Tufts-New England Medical Center, Boston, MA
Hutzel Women’s Hospital, Detroit, Ml

Duke Hospital, Durham, NC

University of New Mexico Health Science Center, Albuquerque, NM
Good Samaritan Hospital, Cincinnati, OH

Rainbow Babies and Children’s Hospital, Cleveland, OH

University Hospital, Cincinnati, OH
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Women and Infants Hospital of Rhode Island, Providence, RI

Memorial Hermann Children’s Hospital, Houston, TX

Parkland Memorial Hospital, Dallas, TX

LDS Hospital, Salt Lake City, UT

University of Utah Medical Center, Salt Lake City, UT

Abbreviations:

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

Bayley-I1I Bayley Scales of Infant and Toddler Development, third
edition

GMFCS Gross Motor Function Classification System

SD standard deviation

Cl confidence interval
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Figure 1. Discordance in antenatal corticosteroid use and resuscitation by gestational age at birth
Bars represent average rates of discordance between antenatal corticosteroid use and

resuscitation for births at each gestational age week, as described in the legend. Points and
vertical lines represent rates and 95% confidence intervals for the combined discordance for
births at each gestational age day. ANS=antenatal corticosteroids.
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Figure 2. Rates of obstetric interventions and resuscitation by gestational age and hospital of
birth.

Point values represent the proportion of live births at the specified gestational age that
received the specified intervention at each of the 24 hospitals in the study. Bars represent
95% Cls. The x-axis represents hospital rank order by mean active treatment rate (ordered
from lowest to highest). A, Hospital rates of neonatal resuscitation; B, Hospital rates of
antenatal corticosteroids exposure (at least 1 dose of antenatal corticosteroids, regardless of
timing, prior to birth); C, Hospital rates of antepartum antibiotics (maternal receipt of
antibiotics during the current hospitalization and prior to birth); D, Hospital rates of birth by
cesarean delivery. Panel A has been modified from Rysavy et al.6
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Figure 3. Rates of obstetric interventions and resuscitation by gestational age in weeks and days.
Point values represent the proportion of live births at the specified gestational age in days

that received the specified intervention. Vertical bars represent 95% Cls for these estimates.
Horizontal dashed lines represent the proportion of births born at a given gestational age
week with the specified intervention. The dotted lines on either side of the dashed lines
represent the 95% Cls for these estimates. A, Rates of neonatal resuscitation; B, Rates of
antenatal corticosteroids exposure (at least 1 dose of antenatal corticosteroids, regardless of
timing, prior to birth); C, Rates of antepartum antibiotics (maternal receipt of antibiotics
during the current hospitalization and prior to birth); D, Rates of birth by cesarean delivery.

Panel A has been modified from Rysavy et al.6
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Table IV.

Median and interquartile ranges for hospital rates of obstetric interventions

Gestational age c oﬁ?ctgggtfgi ds Antepartum antibiotics D(e:[is\giglogy
at birth % (IQR) % (IQR) % (IQR)
22 weeks 6.9 (0.0-13.8) 49.3 (36.3-67.2) 0.0 (0.0-9.2)
23 weeks  50.0 (43.7-67.1) 66.7 (58.9-71.2) 19.0 (7.0-35.4)
24 weeks  91.4 (84.3-96.3) 74.7 (65.7-80.2) 61.4 (51.4-69.9)
25 weeks  91.7 (86.8-95.8) 69.3 (66.0-77.8) 70.3 (61.5-72.5)
26 weeks  90.1 (83.1-96.8) 68.5 (54.5-75.5) 69.5 (66.4-75.4)

IQR=interquartile range
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Table V.

Resuscitated infants by receipt of antenatal corticosteroids and other obstetric interventions

No ANS but  No ANS but

Resuscitated No ANS  Antepartum born by

Gestational age

at birth inf?]nts n (%) antibiotics C-section
n (%>) n (%)
22 weeks 79 57 (72.2) 30 (38.0) 4(5.1)
23 weeks 542 176 (325) 83 (15.3) 39(7.2)
24 weeks 1119 107 (9.6) 27 (2.9) 70 (6.3)
25 weeks 1257 124 (9.9) 37 (2.9) 76 (6.0)
26 weeks 1330 154 (11.6) 45 (3.4) 119 (8.9)

ANS=antenatal corticosteroids

J Pedliatr. Author manuscript; available in PMC 2020 May 01.

Page 23



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Rysavy et al.

Table VI.

Page 24

Model coefficients for hospital antenatal corticosteroid rate among resuscitated infants

%ngattg; ?ﬁ: Outcome Moge(lgcscc)jzfgclz;ent P value

22 weeks Survival 0.0022 (-0.0241, 0.0286) 0.81
Survival without severe impairment a
Survival without moderate or severe impairment a

23 weeks Survival 0.0169 (0.0012, 0.0326) 0.04
Survival without severe impairment 0.0173 (0.0021, 0.0325) 0.03
Survival without moderate or severe impairment ~ 0.0232 (0.0039, 0.0425) 0.02

22-23 weeks  Survival 0.0159 (-0.0019, 0.0338) 0.08
Survival without severe impairment 0.0165 (-0.0005, 0.0334) 0.06
Survival without moderate or severe impairment  0.0216 (—0.0006, 0.0439) 0.06

24 weeks Survival 0.0235 (0.0012, 0.0459) 0.04
Survival without severe impairment 0.0213 (0.0000, 0.0426) 0.05
Survival without moderate or severe impairment ~ 0.0258 (0.0045, 0.0472) 0.02

Hospital rates of antenatal corticosteroid use among resuscitated infants were included as a continuous variable in the hospital level of the models.

At the individual level, models were adjusted for birth weight (grams), sex, plurality of birth (singleton versus multiple) and the mother’s age (<19
years versus >19 years), race (white, black, or other), ethnicity (Hispanic versus non-Hispanic), enrollment in private health insurance (yes versus

no), receipt of prenatal care (=1 visit versus no visits), hypertension during pregnancy (yes versus no), insulin-dependent diabetes (yes versus no),
and clinical chorioamnionitis (yes versus no). Cl=confidence interval

a S
Model estimation did not converge
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