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Discordance in Antenatal Corticosteroid Use and Resuscitation Following
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Objective To describe discordance in antenatal corticosteroid use and resuscitation following extremely preterm
birth and its relationship with infant survival and neurodevelopment.
Study design Amulticenter cohort study of 4858 infants 22-26 weeks of gestation born 2006-2011 at 24 US hos-
pitals participating in the Eunice Kennedy Shriver National Institute of Child Health and Human Development
Neonatal Research Network, with follow-up through 2013. Survival and neurodevelopmental outcomes were avail-
able at 18-22 months of corrected age for 4576 (94.2%) infants. We described antenatal interventions, resuscita-
tion, 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 of gestation to rates observed at 25-26 weeks
of 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 with 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)
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resuscitated infants received antenatal corticosteroids.
Conclusions Infants born at 23 weeks were more frequently resusci-
tated without antenatal corticosteroids than other extremely preterm in-
fants. When resuscitation is intended, consistent provision of antenatal
corticosteroids may increase infant survival and survival without impair-
ment. (J Pediatr 2019;208:156-62).
Trial registration ClinicalTrials.gov: NCT00063063 (Generic Data-
base) and NCT00009633 (Follow-Up Study)

M
anagement 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 24-34 weeks of
gestation.3-5 However, many neonates born at 22-23 weeks of gestation now
receive intensive care following birth,6 and there is a paucity of clinical trial
evidence to support antenatal corticosteroid use for births at these earlier
gestations.7

Although previous observational studies have shown that exposure to ante-
natal corticosteroids is associated with improved infant survival and neurodeve-
lopmental outcomes,8-10 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
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antenatal management of extremely preterm live births in the
US. 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.
Methods

We studied live births at 220/7 through 266/7 weeks of gesta-
tion in 24 US hospitals participating in the Eunice Kennedy
ShriverNational Institute of Child Health and Human Devel-
opment (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 pre-
maturity may have influenced management decisions. All
hospitals contributed data for the entire study period.
Data Collection
Trained research personnel at each hospital obtainedmaternal
and neonatal data and submitted them to a central data-
coordinating center (RTI International, Research Triangle
Park, North Carolina). Demographic and clinical data,
including for antenatal and postnatal therapies, were extracted
frommedical 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.11 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
Obstetric intervention with antenatal corticosteroids was
categorized as having occurred if the mother received at least
1 dose of betamethasone or dexamethasone prior to delivery,
including any dose received at an outside hospital. Informa-
tion 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 delivery and provision of antepar-
tum 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 in-
terventions after birth: tracheal intubation, positive-pressure
ventilatory support, surfactant therapy, chest compressions,
epinephrine, or parenteral fluids.6 All infants not receiving
one of these measures died shortly after birth.
Outcomes
Data on survival and neurodevelopmental outcomes were
collected at 18 to 22 months of corrected age by certified ex-
aminers unaware of exposure to antenatal corticosteroids or
other interventions. Neurodevelopmental assessment con-
sisted of a structured neurologic examination and develop-
mental and behavioral tests, which have been described
elsewhere.13

Severe impairment was defined as a cognitive or motor
score on the Bayley Scales of Infant and Toddler Develop-
ment, Third Edition (Bayley-III), of <70 (ie, >2 SD below
the scale mean; mean �SD, 100 � 15), severe cerebral palsy,
a GrossMotor 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 impair-
ment was defined as a Bayley-III cognitive or motor score of
70-84 (ie, 1-2 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-III
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
We calculated rates and 95% CIs of obstetric intervention
and resuscitation among live births by hospital and gesta-
tional age. Demographic, clinical characteristics, and out-
comes 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 multi-
level logistic regression models with birth hospital as a
random effect and infant outcome as the dependent variable.
Hospital rates of antenatal corticosteroid use among resusci-
tated infants were included as a continuous variable in the
hospital level of the models. At the individual level, models
were adjusted for birth weight (g), sex, plurality of birth
(singleton vs multiple) and the mother’s age (#19 y vs
>19 years), race (white, black, or other), ethnicity (Hispanic
vs non-Hispanic), enrollment in private health insurance (yes
vs no), receipt of prenatal care ($1 visit vs no visits), hyper-
tension during pregnancy (yes vs no), insulin-dependent dia-
betes (yes vs no), and clinical chorioamnionitis (yes vs no).
These covariates were selected on the basis of previous
research in this cohort.6 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 of gestation,
with all other factors remaining the same.
All statistical analyses were conducted at RTI International.

Multilevel modeling was performed using Stata/MP software
v 14.0 (StataCorp, StataCorp, College Station, Texas). Other
analyses were performed using SAS software v 9.4 (SAS
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Institute, Cary, North Carolina). Two-sided P values of <.05
were considered to indicate statistical significance.

Results

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 ante-
natal corticosteroids were given. In 95 (2.0%) births, ante-
natal corticosteroids were administered but no
resuscitation was attempted.

Rates of obstetric and neonatal intervention differed by
hospital of birth. Hospital rates of antenatal corticosteroid
exposure ranged from 0.0% to 100% for births at 22 weeks,
and from 10.3% to 95.2%, 59.1% to 100%, 64.3% to 100%,
and 42.6% to 100% for births at 23, 24, 25, and 26 weeks,
respectively. Hospital rates of resuscitation ranged from
0.0% to 100% at 22, 25.9% to 100% at 23, 66.7% to 100%
at 24, 83.3% to 100%, and 66.7% to 100% at 26 weeks.

Clinical and demographic characteristics of resuscitated
infants categorized by gestational age and antenatal cortico-
steroids exposure are summarized in Table I.

Comparison of Antenatal Corticosteroids with
Other Obstetric Interventions
Among births at 22, 23, and 24 weeks of gestation, 9.8%,
55.8%, and 89.8% were exposed to antenatal corticosteroids,
Table I. Resuscitated infants by gestational age at birth and

22 wk 23 wk

Exposed
to ANS No ANS

Exposed
to ANS No ANS

Expos
to AN

n = 22 n = 57 n = 366 n = 176 n = 10

Maternal age #19 y 2 (9.1) 12 (21.1) 45 (12.3) 27 (15.3) 125 (1
Privately insured 8 (36.4) 11 (19.3) 161 (44.0) 66 (37.5) 425 (4
Prenatal care 20 (90.9) 51 (89.5) 351 (95.9) 160 (90.9) 969 (9
Maternal race
White non-

Hispanic
7 (31.8) 11 (19.3) 133 (36.3) 52 (29.5) 405 (4

Black non-
Hispanic

14 (63.6) 35 (61.4) 170 (46.4) 79 (44.9) 380 (3

Hispanic 1 (4.5) 7 (12.3) 46 (12.6) 34 (19.3) 164 (1
Maternal
hypertension

2 (9.1) 8 (14.0) 47 (12.8) 13 (7.4) 175 (1

Maternal
diabetes

1 (4.5) 0 (0.0) 8 (2.2) 5 (2.8) 52 (5

Chorioamnionitis 5 (22.7) 21 (36.8) 90 (24.6) 39 (22.2) 240 (2
Rupture of
membranes
>18 h

5 (22.7) 14 (26.4) 96 (26.6) 46 (28.2) 303 (3

Antepartum
antibiotics

18 (81.8) 29 (50.9) 298 (81.4) 74 (42.1) 745 (7

Cesarean delivery 5 (22.7) 4 (7.0) 104 (28.4) 39 (22.2) 636 (6
Male infant 9 (40.9) 27 (47.4) 193 (52.7) 94 (53.4) 518 (5
Singleton 14 (63.6) 40 (70.2) 258 (70.5) 134 (76.1) 740 (7
1-min Apgar #3 16 (72.7) 50 (87.7) 250 (68.3) 134 (76.1) 566 (5
5-min Apgar #3 12 (54.5) 35 (61.4) 113 (30.9) 82 (46.6) 185 (1
Birth weight
(g, mean, SD)

519.5 (94.5) 517.5 (74.5) 584.2 (84.4) 591.3 (85.9) 649.6 (1

Small for
gestational age

1 (4.5) 2 (3.5) 12 (3.3) 3 (1.7) 76 (7

ANS, antenatal corticosteroids.
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respectively, and rates of exposure at 25 and 26 weeks of
gestation were 89.9% and 88.4%, respectively. Rates of birth
by cesarean delivery 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 expo-
sure 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 (Figures 1
and 2, and Table II; available at www.jpeds.com).
Among resuscitated infants born at 22 and 23 weeks of

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 pro-
portion of resuscitated infants born by cesarean delivery and
not exposed to antenatal corticosteroids, with rates between
5.1 and 8.9% (Table III; available at www.jpeds.com).
Discordance in Antenatal Corticosteroid Provision
and Resuscitation
Rates of discordance between antenatal corticosteroid provi-
sion and resuscitation by gestational age week and day are
shown in Figure 3. The highest rates of discordance
occurred at 23 weeks; nearly one-third of live births at this
exposure to antenatal corticosteroids

24 wk 25 wk 26 wk

ed
S No ANS

Exposed
to ANS No ANS

Exposed
to ANS No ANS

12 n = 107 n = 1132 n = 125 n = 1176 n = 154

2.4) 17 (15.9) 117 (10.3) 26 (20.8) 131 (11.1) 21 (13.6)
2.0) 21 (19.6) 477 (42.1) 30 (24.0) 491 (41.8) 40 (26.0)
5.8) 91 (85.0) 1082 (95.6) 108 (86.4) 1136 (96.6) 129 (83.8)

0.0) 25 (23.4) 479 (42.3) 28 (22.4) 455 (38.7) 38 (24.7)

7.5) 53 (49.5) 408 (36.0) 68 (54.4) 421 (35.8) 62 (40.3)

6.2) 28 (26.2) 192 (17.0) 23 (18.4) 221 (18.8) 45 (29.2)
7.3) 17 (15.9) 260 (23.0) 28 (22.4) 286 (24.3) 38 (24.7)

.1) 6 (5.6) 50 (4.4) 7 (5.6) 51 (4.3) 11 (7.1)

3.7) 12 (11.2) 233 (20.7) 9 (7.2) 226 (19.2) 13 (8.4)
0.4) 9 (8.8) 321 (28.7) 10 (8.3) 362 (31.0) 7 (4.7)

3.6) 26 (24.3) 819 (72.4) 35 (28.0) 772 (65.6) 45 (29.2)

2.9) 70 (65.4) 788 (69.6) 76 (60.8) 816 (69.4) 119 (77.3)
1.2) 59 (55.1) 600 (53.0) 68 (54.4) 592 (50.3) 80 (51.9)
3.1) 97 (90.7) 859 (75.9) 102 (81.6) 890 (75.7) 118 (76.6)
5.9) 70 (65.4) 528 (46.6) 77 (61.6) 473 (40.2) 82 (53.2)
8.3) 34 (31.8) 165 (14.7) 19 (15.2) 101 (8.6) 24 (15.6)
06.4) 668.8 (111.5) 742.1 (131.5) 791.1 (131.6) 851.6 (162.3) 851.9 (145.4)

.5) 6 (5.6) 92 (8.1) 8 (6.4) 87 (7.4) 12 (7.8)
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Figure 3. Discordance in antenatal corticosteroid use and
resuscitation by gestational age at birth. Bars represent
average rates of discordance between antenatal corticoste-
roid 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 com-
bined discordance for births at each gestational age day.
ANS, antenatal corticosteroids.
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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 of gestation but not at 24 weeks
(rate ratio and 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]). Rates of discordance
were highest for births during the end of the 22nd gestational
week and beginning of the 23rd week (Figure 3).

Discordance and Infant Outcomes
Outcomes at 18-22 months of corrected age were known for
4575 (94.2%) infants. Outcomes at 18-22 months of cor-
rected age for resuscitated infants are summarized in
Table IV, categorized by gestational age and exposure to
antenatal corticosteroids. The 531 infants 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 hos-
pitals (Table V; available at www.jpeds.com), we projected
outcomes for resuscitated infants born at 22, 23, and
24 weeks of 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 of gestation in our cohort;
in other recent cohorts, similar rates (85%-93%) were
Discordance in Antenatal Corticosteroid Use and Resuscitation F
observed for preterm infants.14-16 Table VI 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 resusci-
tated infants at 25-26 weeks, a 7.1% (95% CI 5.4%-8.8%) ab-
solute 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%) ab-
solute increase, from 25.2% to 31.6%. The precision of the ef-
fect of reducing discordance at 22 weeks was limited by the
small sample at this gestational age (n = 22 resuscitated in-
fants exposed to antenatal corticosteroids). For births at
22 weeks, the projected effect of increased antenatal cortico-
steroid use was a 2.1% (95% CI -1.9% to 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 of 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 US medical centers participating in
the NICHD Neonatal Research Network, we found discor-
dance in the provision of antenatal corticosteroids and resus-
citation at the earliest gestational ages that was associated
with survival and survival without impairment. The discor-
dance was most pronounced for infants born at 23 weeks
of gestation.
The provision of antenatal corticosteroids with no subse-

quent 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 in-
tended in some cases but not provided because of a lack of
time to administer the medication. We did not have informa-
tion 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 of 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 physio-
logic benefits to the infant, such as through decreased intra-
ventricular hemorrhage, after only several hours.17,18 Our
findings raise the question of whether rates of antenatal corti-
costeroid 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.
US data from Ehret et al covering 2012-2016 (after the

period of our study), suggest that an increase in antenatal
ollowing Extremely Preterm Birth 159
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Table IV. Outcomes among resuscitated infants at 18-22 months by gestational age at birth and exposure to antenatal
corticosteroids

Gestational ages at birth Outcome

ANS-exposed No ANS

n (% [95% CI]) n (% [95% CI])

22 wk n = 21 n = 57
Survival 8 (38.1 [19.1-61.7]) 10 (17.5 [9.5-30.1])
Survival without severe impairment 6 (28.6 [12.5-52.9]) 6 (10.5 [4.7-22.0])
Survival without moderate or severe impairment 4 (19.0 [6.7-43.6]) 3 (5.3 [1.6-15.6])

23 wk n = 347 n = 172
Survival 131 (37.8 [32.8-43.0]) 42 (24.4 [18.5-31.5])
Survival without severe impairment 102 (29.4 [24.8-34.4]) 29 (16.9 [11.9-23.3])
Survival without moderate or severe impairment 67 (19.3 [15.5-23.8]) 16 (9.3 [5.7-14.7])

24 wk n = 955 n = 102
Survival 552 (57.8 [54.6-60.9]) 46 (45.1 [35.6-55.0])
Survival without severe impairment 454 (47.5 [44.4-50.7]) 33 (32.4 [23.9-42.2])
Survival without moderate or severe impairment 303 (31.7 [28.8-34.8]) 24 (23.5 [16.2-32.9])

25 wk n = 1058 n = 117
Survival 769 (72.7 [69.9-75.3]) 81 (69.2 [60.2-77.0])
Survival without severe impairment 648 (61.2 [58.3-64.1]) 73 (62.4 [53.2-70.8])
Survival without moderate or severe impairment 475 (44.9 [41.9-47.9]) 48 (41.0 [32.4-50.3])

26 wk n = 1072 n = 143
Survival 879 (82.0 [79.6-84.2]) 112 (78.3 [70.7-84.4])
Survival without severe impairment 818 (76.3 [73.7-78.8]) 102 (71.3 [63.3-78.2])
Survival without moderate or severe impairment 648 (60.4 [57.5-63.3]) 64 (44.8 [36.7-53.1])

THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 208
corticosteroid use in patients similar to those in our cohort
may be possible.10 Among infants resuscitated after birth in
that study, the proportions exposed to antenatal corticoste-
roids 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.
Table VI. Actual and model-projected outcomes among res

Gestational
ages at birth

Resuscitated
infants, N

Mean hospital
ANS rate, % Outcome

22 wk* 78† 28.5 Survival
Survival without severe impai
Survival without moderate or

23 wk 519‡ 61.1 Survival
Survival without severe impai
Survival without moderate or

22-23 wk 597 56.1 Survival
Survival without severe impai
Survival without moderate or

24 wk 1057§ 88.6 Survival
Survival without severe impai
Survival without moderate or

25 wk 1175¶ 89.5 Survival
Survival without severe impai
Survival without moderate or

26 wk 1215** 87.9 Survival
Survival without severe impai
Survival without moderate or

The actual outcome rate is calculated as the number of resuscitated infants at a given gestational ag
age. The projected outcome rate and 95% CI were estimated using models assuming that all hospitals
25 and 26 weeks (89.2%).
*Of the 24 hospitals, 20 contributed to the models. At 4 hospitals, no infants were resuscitated.
†Excludes 1 infant lost to follow-up.
‡Excludes 23 infants lost to follow-up.
§Excludes 62 infants lost to follow-up.
¶Excludes 82 infants lost to follow-up.
**Excludes 115 infants lost to follow-up.
††Average rate among infants born at 25-26 weeks (89.2%) used as reference.
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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

US academic hospitals, provides important information on
obstetric and neonatal management of extremely preterm
uscitated infants

Actual outcome
rate, %

Projected outcome
rate, % (95% CI)

23.1 25.2 (21.0-29.5)
rment 15.4 Model estimation did not converge
severe impairment 9.0 Model estimation did not converge

33.3 40.4 (38.7-42.1)
rment 25.2 31.6 (29.9-33.3)
severe impairment 16.0 22.0 (20.3-23.8)

32.0 39.9 (38.6-41.2)
rment 24.0 31.4 (30.1-32.8)
severe impairment 15.1 21.9 (20.4-23.5)

56.6 56.5 (55.6-57.4)
rment 46.1 46.1 (45.3-46.9)
severe impairment 30.9 29.3 (28.7-29.9)

72.3 ††

rment 61.4 ††

severe impairment 44.5 ††

81.6 ††

rment 75.7 ††

severe impairment 58.6 ††

e with the specified outcome as a proportion of all resuscitated infants born at that gestational
achieved the average antenatal corticosteroid coverage rate for resuscitated infants observed at
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birth in the US. However, it has several important limita-
tions, including a lack of information on the dose, timing,
and clinical decision-making surrounding antenatal cortico-
steroid administration. Based on the data available to us, we
studied only live births; however, stillbirth is a potential
outcome when decisions about administering antenatal cor-
ticosteroids and other obstetric interventions are made.
Moreover, we did not have data on the pregnancies exposed
to antenatal corticosteroids between 22 and 26 weeks of
gestation where birth took place after 26 weeks of gestation;
this group requires further study.19 Our study cohort
included 24 hospitals providing tertiary care; however,
because tertiary care is recommended for extremely preterm
delivery, our cohort is relevant.1 Although our study demon-
strated discordance between antenatal corticosteroid provi-
sion and resuscitation among live births, it cannot explain
the causes of such discordance, such as time constraints,
inadequate communication, changing goals of care, or clini-
cian 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 Notting-
ham, United Kingdom, neonatologists were more likely than
obstetricians to recommend antenatal corticosteroids for
periviable births.20 More recently, qualitative research study-
ing physician decision-making during simulation exercises at
a US medical center found that obstetricians and neonatolo-
gists 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.”21

Variation may also exist due to the paucity of clinical trial
evidence to support or refute the use of antenatal corticoste-
roids 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 associ-
ated with higher rates of survival to hospital discharge.22

However, data were limited to observational studies. The
most recent Cochrane review of this subject included only
49 infants born at <26 weeks of gestation.7 The only trial of
antenatal corticosteroids for extremely premature infants
born at 22 and 23 weeks of 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
of gestation, guidelines published in 1994 by the National In-
stitutes of Health recommended antenatal corticosteroids for
mothers in labor from 24 to 34 weeks of gestation.24 At the
time, few infants born at less than 24 weeks were expected
to survive.25,26 However, neonatal practices and outcomes
have changed in the subsequent two decades. In 2014 (after
the period of this study), a National Institutes of Health
workshop on periviable birth held jointly with the American
Academy of Pediatrics, American College of Obstetricians
Discordance in Antenatal Corticosteroid Use and Resuscitation F
and Gynecologists, and the Society for Maternal-Fetal Med-
icine, recommended administering antenatal corticosteroids
for births at 23 weeks of gestation.1 More recently, a 2016
consensus statement issued by American College of Obstetri-
cians and Gynecologists and Society for Maternal-Fetal Med-
icine stated that clinicians should “consider” antenatal
corticosteroids for births at 23 weeks but did not provide
the same strength of recommendation for antenatal cortico-
steroid use at 23 weeks as at 24 weeks.5 These recent incon-
gruent 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 US hospitals participating in the

NICHD Neonatal Research Network, we observed that in-
fants born at 23 weeks of 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 corticoste-
roids may improve infant survival and survival without
impairment. n

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

List of additional investigators and participating hospitals of
the Eunice Kennedy ShriverNational Institute of Child Health
and Human Development Neonatal Research Network.

NRN Steering Committee Chairs: Michael S. Caplan, MD,
University of Chicago, Pritzker School of Medicine (2006-
2011); Richard A. Polin, MD, Division of Neonatology,
Columbia University College of Physicians and Surgeons,
(2011-present).

Alpert Medical School of Brown University andWomen &
Infants Hospital of Rhode Island (U10 HD27904) – Abbot R.
Laptook, MD; Angelita M. Hensman, RN, BSN; William Oh,
MD; Martin Keszler, MD; Robert Burke, MD; Melinda Cas-
key, MD; Katharine Johnson, MD; Barbara Alksninis, PNP;
Theresa M. Leach, MEd, CAES; Bonnie E. Stephens, MD;
Victoria E. Watson, MS, CAS; Suzy Ventura; Kristin M.
Basso, BSN, MA; Elisa Vieira, RN, BSN; Andrea Halbrook.

Case Western Reserve University, Rainbow Babies & Chil-
dren’s Hospital (U10 HD21364, M01 RR80) – Avroy A.
Fanaroff, MD; Anna Marie Hibbs, MD; Deanne E. Wilson-
Costello, MD; Nancy S. Newman, BA, RN; Bonnie S. Siner,
RN; Monika Bhola, MD; Gulgun Yalcinkaya, MD; Harriet
G. Friedman, MA.

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
Hospital, and Good Samaritan Hospital (U10 HD27853,
M01 RR8084) – Kurt Schibler, MD; Edward F. Donovan,
MD; Kate Bridges, MD; Barbara Alexander, RN; Cathy
Grisby, BSN, CCRC; Jody Hessling, RN; Estelle E. Fischer,
MHSA, MBA; Lenora D. Jackson, CRC; Kristin Kirker,
CRC; Holly L. Mincey, RN, BSN; Greg Muthig, BS; Teresa
L. Gratton, PA; Jean J. Steichen, MD; Kimberly Yolton, PhD.

Duke University School of Medicine, University Hospital,
University of North Carolina, and Duke Regional Hospital
(U10 HD40492, M01 RR30, UL1 TR83) – Ronald N. Gold-
berg, MD; Ricki F. Goldstein, MD; Kimberley A. Fisher,
PhD, FNP-BC, IBCLC; Kathy J. Auten, MSHS; Katherine A.
Foy, RN; SandraGrimes, RN, BSN; Joanne Finkle, RN, JD;Ka-
thryn E. Gustafson, PhD; Melody B. Lohmeyer, RN, MSN;
Matthew M. Laughon, MD, MPH; Carl L. Bose, MD; Janice
Bernhardt, MS, RN; Gennie Bose, 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, RN, BS, CCRC; Ira Adams-Chapman,
MD;MaureenMulligan LaRossa, RN; Sheena L. Carter, PhD.

Eunice Kennedy Shriver National Institute of Child Health
and Human Development – Stephanie Wilson Archer, MA.

Indiana University, University Hospital, Methodist Hospi-
tal, Riley Hospital for Children, and Eskenazi Health (U10
HD27856, M01 RR750, UL1 TR6) – Brenda B. Poindexter,
MD, MS; Anna M. Dusick, MD; Ann B. Cook, MS; Dianne

E. Herron, RN; Faithe Hamer, BS; Carolyn Lytle, MD,
MPH; Lucy C. Miller, RN, BSN, CCRC; Heike M. Minnich,
PsyD, HSPP; Leslie Dawn Wilson, BSN, CCRC.
Nationwide Children’s Hospital and the Ohio State Uni-

versity Medical Center (U10 HD68278) – Leif D. Nelin,
MD; Sudarshan R. Jadcherla, MD; Patricia Luzader, RN;
Christine A. Fortney, PhD, RN; Gail E. Besner; Nehal A.
Parikh, MD.
RTI International (U10 HD36790) – W. Kenneth Poole,

PhD; Dennis Wallace, PhD; Jamie E. Newman, PhD, MPH;
Jeanette O’Donnell Auman, BS; Margaret M. Crawford, BS,
CCRP; Carolyn M. Petrie Huitema, MS, CCRP; Kristin M.
Zaterka-Baxter, RN, BSN, CCRP.
Stanford University, Dominican Hospital, El Camino

Hospital, and Lucile Packard Children’s Hospital (U10
HD27880, M01 RR70, UL1 TR93) – Krisa P. Van Meurs,
MD; David K. Stevenson, MD; Marian M. Adams, MD; M.
Bethany Ball, BS, CCRC; Andrew W. Palmquist, RN, BSN;
Melinda S. Proud, RCP; Elizabeth Bruno, PhD; Maria Elena
DeAnda, PhD; Anne M. DeBattista, RN, PNP; Jean G. Kohn,
MD, MPH; Casey E. Krueger, PhD; Hali E.Weiss, MD.
Tufts Medical Center, Floating Hospital for Children (U10

HD53119, M01 RR54) – Ivan D. Frantz III, MD; John M.
Fiascone, MD; Brenda L. MacKinnon, RNC; Ellen Nylen,
RN, BSN; Anne Furey, MPH; Elisabeth C. McGowan, MD;
Cecelia E Sibley PT, MHA; Ana K. Brussa, MS, OTR/L.
University of Alabama at Birmingham Health System

and Children’s Hospital of Alabama (U10 HD34216, M01
RR32) – Namasivayam Ambalavanan, MD; Myriam
Peralta-Carcelen, MD, MPH; Monica V. Collins, RN, BSN,
MaEd; Shirley S. Cosby, RN, BSN; Fred J. Biasini, PhD; Kris-
ten C. Johnston, MSN, CRNP; Kathleen G. Nelson, MD; Cry-
shelle S. Patterson, PhD; Vivien A. Phillips, RN, BSN; Sally
Whitley, MA, OTR-L FAOTA; Amanda D. Soong, MD; Carin
Kiser, MD; Leigh Ann Smith, CRNP; Sara Kryzwanski, MS;
Richard V. Rector, PhD; Sarah Ryan, PhD; Kristy Domnano-
vich, PhD; Leslie Rodrigues, PhD.
UniversityofCalifornia -LosAngeles,MattelChildren’sHos-

pital, Santa Monica Hospital, Los Robles Hospital and Medical
Center, andOliveViewMedicalCenter (U10HD68270) –Uday
Devaskar,MD;MeenaGarg,MD; Isabell B. Purdy, PhD,CPNP;
Teresa Chanlaw, MPH; Rachel Geller, RN, BSN.
University of California – San Diego Medical Center and

Sharp Mary Birch Hospital for Women and Newborns
(U10 HD40461) – Neil N. Finer, MD; Yvonne E. Vaucher,
MD, MPH; David Kaegi, MD; Maynard R. Rasmussen,
MD; Kathy Arnell, RNC; Clarence Demetrio, RN; Martha
G. Fuller, RN, MSN; Chris Henderson, RCP, CRTT; Wade
Rich, BSHS, RRT; Radmila West, PhD.
University of Iowa and Mercy Medical Center (U10

HD53109, M01 RR59) – Dan L. Ellsbury, MD; John A. Wid-
ness, MD; Karen J. Johnson, RN, BSN; Donia B. Campbell,
RNC-NIC; Jacky R. Walker, RN; Diane L. Eastman, RN,
CPNP, MA.
University of Miami, Holtz Children’s Hospital (U10

HD21397, M01 RR16587) – Shahnaz Duara, MD; Charles
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R. Bauer, MD; Ruth Everett-Thomas, RN, MSN; Sylvia
Hiriart-Fajardo, MD; Arielle Rigaud, MD; Maria Calejo,
MS; Silvia M. Frade Eguaras, MA; Michelle Harwood Berko-
wits, PhD; Andrea Garcia, MA; Helina Pierre, BA; Alexandra
Stoerger, BA.

University of New Mexico Health Sciences Center (U10
HD53089, UL1 TR41) – Kristi L. Watterberg, MD; Robin
K. Ohls, MD; Janell F. Fuller, MD; Conra Backstrom Lacy,
RN; Rebecca A. Montman, BSN, RNC; Jean R. Lowe, PhD;
Andrea Freeman Duncan, MD; Sandra Brown, BSN; Theresa
Wussow, BSN; Carol Hartenberger, BSN, MPH; Julie Rohr,
MSN, RNC, CNS.

University of Pennsylvania, Hospital of the University of
Pennsylvania, Pennsylvania Hospital, and Children’s Hospi-
tal of Philadelphia (U10 HD68244) – Barbara Schmidt, MD,
MSc; Haresh Kirpalani, MB, MSc; Sara B. DeMauro, MD,
MSCE; Aasma S. Chaudhary, BS, RRT; Soraya Abbasi, MD;
Toni Mancini, RN, BSN, CCRC; Dara Cucinotta.

University of Rochester Medical Center, Golisano Chil-
dren’s Hospital (U10 HD68263, U10 HD40521, UL1
RR24160, M01 RR44) – Dale L. Phelps, MD; Gary J. Myers,
MD; Linda J. Reubens, RN, CCRC; Erica Burnell, RN; Diane
Hust, MS, RN, CS; Julie Babish Johnson, MSW; Rosemary L.
Jensen; Emily Kushner, MA; Joan Merzbach, LMSW; Kelley
Yost, PhD; Lauren Zwetsch, RN,MS, PNP; Satyan Lakshmin-
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Figure 1. 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% CIs. 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

May 2019 ORIGINAL ARTICLES

Discordance in Antenatal Corticosteroid Use and Resuscitation Following Extremely Preterm Birth 162.e3



Figure 2. 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%CIs 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%CIs 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 V. Model coefficients for hospital antenatal corticosteroid rate among resuscitated infants

Gestational ages at birth Outcome

Model coefficient

P valueb (95% CI)

22 wk Survival 0.0022 (�0.0241, 0.0286) .81
Survival without severe impairment *
Survival without moderate or severe impairment *

23 wk Survival 0.0169 (0.0012, 0.0326) .04
Survival without severe impairment 0.0173 (0.0021, 0.0325) .03
Survival without moderate or severe impairment 0.0232 (0.0039, 0.0425) .02

22-23 wk Survival 0.0159 (�0.0019, 0.0338) .08
Survival without severe impairment 0.0165 (�0.0005, 0.0334) .06
Survival without moderate or severe impairment 0.0216 (�0.0006, 0.0439) .06

24 wk Survival 0.0235 (0.0012, 0.0459) .04
Survival without severe impairment 0.0213 (0.0000, 0.0426) .05
Survival without moderate or severe impairment 0.0258 (0.0045, 0.0472) .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 (g), sex, plurality of birth (singleton vs multiple) and the mother’s age (#19 years vs >19 years), race (white, black, or other), ethnicity (Hispanic vs non-Hispanic), enrollment in private
health insurance (yes vs no), receipt of prenatal care ($1 visit vs no visits), hypertension during pregnancy (yes vs no), insulin-dependent diabetes (yes vs no), and clinical chorioamnionitis (yes vs no).
*Model estimation did not converge.

Table II. Median and interquartile ranges for hospital
rates of obstetric interventions

Gestational
ages at birth

ANS %
(IQR)

Antepartum
antibiotics
% (IQR)

Delivery by
cesarean delivery

% (IQR)

22 wk 6.9 (0.0-13.8) 49.3 (36.3-67.2) 0.0 (0.0-9.2)
23 wk 50.0 (43.7-67.1) 66.7 (58.9-71.2) 19.0 (7.0-35.4)
24 wk 91.4 (84.3-96.3) 74.7 (65.7-80.2) 61.4 (51.4-69.9)
25 wk 91.7 (86.8-95.8) 69.3 (66.0-77.8) 70.3 (61.5-72.5)
26 wk 90.1 (83.1-96.8) 68.5 (54.5-75.5) 69.5 (66.4-75.4)

ANS, antenatal corticosteroids.

Table III. Resuscitated infants by receipt of antenatal
corticosteroids and other obstetric interventions

Gestational
ages at birth

Resuscitated
infants No ANS

No ANS but
antepartum
antibiotics

No ANS but
born by
cesarean
delivery

n n (%) n (%) n (%)

22 wk 79 57 (72.2) 30 (38.0) 4 (5.1)
23 wk 542 176 (32.5) 83 (15.3) 39 (7.2)
24 wk 1119 107 (9.6) 27 (2.4) 70 (6.3)
25 wk 1257 124 (9.9) 37 (2.9) 76 (6.0)
26 wk 1330 154 (11.6) 45 (3.4) 119 (8.9)
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