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ABSTRACT

BACKGROUND

Infants who are born at 34 to 36 weeks of gestation (late preterm) are at greater risk
for adverse respiratory and other outcomes than those born at 37 weeks of gestation
or later. It is not known whether betamethasone administered to women at risk for
late preterm delivery decreases the risks of neonatal morbidities.

METHODS

We conducted a multicenter, randomized trial involving women with a singleton preg-
nancy at 34 weeks 0 days to 36 weeks 5 days of gestation who were at high risk for
delivery during the late preterm period (up to 36 weeks 6 days). The participants were
assigned to receive two injections of betamethasone or matching placebo 24 hours
apart. The primary outcome was a neonatal composite of treatment in the first 72
hours (the use of continuous positive airway pressure or high-flow nasal cannula for
at least 2 hours, supplemental oxygen with a fraction of inspired oxygen of at least 0.30
for at least 4 hours, extracorporeal membrane oxygenation, or mechanical ventilation)
or stillbirth or neonatal death within 72 hours after delivery.

RESULTS

The primary outcome occurred in 165 of 1427 infants (11.6%) in the betamethasone
group and 202 of 1400 (14.4%) in the placebo group (relative risk in the betamethasone
group, 0.80; 95% confidence interval [CI], 0.66 to 0.97; P=0.02). Severe respiratory
complications, transient tachypnea of the newborn, surfactant use, and bronchopul-
monary dysplasia also occurred significantly less frequently in the betamethasone
group. There were no significant between-group differences in the incidence of cho-
rioamnionitis or neonatal sepsis. Neonatal hypoglycemia was more common in the
betamethasone group than in the placebo group (24.0% vs. 15.0%; relative risk, 1.60;
95% CI, 1.37 to 1.87; P<0.001).

CONCLUSIONS
Administration of betamethasone to women at risk for late preterm delivery signifi-
cantly reduced the rate of neonatal respiratory complications. (Funded by the National
Heart, Lung, and Blood Institute and the Eunice Kennedy Shriver National Institute of
Child Health and Human Development; ClinicalTrials.gov number, NCT01222247.)
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NTENATAL GLUCOCORTICOIDS ARE

widely used in obstetrics for pregnancies

at risk for early preterm delivery. Their
use increased especially after a consensus con-
ference held by the National Institutes of Health
in 1994, which concluded that there was strong
evidence that glucocorticoids reduce adverse neo-
natal outcomes, including death, the respiratory
distress syndrome, and other complications,
when administered to women who are likely to
deliver before 34 weeks of gestation.”® The rec-
ommendation was not extended to women at
risk for preterm delivery after 34 weeks because
of both a lack of data*® and the belief that at a
threshold of 34 to 35 weeks of gestation nearly
all infants thrive, with survival at this gesta-
tional age being within 1% of survival at term.®
However, it is now clear that infants who are
born during the late preterm period (34 weeks
0 days to 36 weeks 6 days) have more neonatal
and childhood complications than do newborns
who are born at term (37 weeks or later).”® Be-
cause of this, a workshop in 2005 recommended
redirecting research to evaluate infants who are
born between 34 and 36 weeks of gestation,
particularly to answer the question of whether
antenatal glucocorticoids are beneficial in this
population.!® Currently, 8% of all deliveries oc-
cur in the late preterm period. Thus, the poten-
tial public health and economic effects of de-
creasing the rate of complications associated
with late prematurity by the administration of
antenatal glucocorticoids are considerable. We
designed a randomized trial to assess whether
the administration of betamethasone to women
who are likely to deliver in the late preterm
period would decrease respiratory and other
neonatal complications.

METHODS

STUDY OVERSIGHT

We conducted the trial at 17 university-based
clinical centers participating in the Maternal—
Fetal Medicine Units Network of the Eunice
Kennedy Shriver National Institute of Child
Health and Human Development (NICHD). The
protocol, available with the full text of this article
at NEJM.org, was approved by the institutional
review board at each center. Written informed
consent was obtained from all participants be-

fore randomization. The first, second, and fifth
authors take responsibility for the accuracy and
completeness of the reporting and the fidelity of
the report to the study protocol.

SCREENING AND RECRUITMENT
Women with a singleton pregnancy at 34 weeks
0 days to 36 weeks 5 days of gestation and a
high probability of delivery in the late preterm
period (which extends to 36 weeks 6 days) were
eligible for enrollment. High probability of deliv-
ery was defined as either preterm labor with in-
tact membranes and at least 3 cm dilation or 75%
cervical effacement, or spontaneous rupture of
the membranes. If neither of these criteria ap-
plied, a high probability was defined as expected
preterm delivery for any other indication either
through induction or cesarean section between
24 hours and 7 days after the planned randomiza-
tion, as determined by the obstetrical provider.
A woman was ineligible if she had received
antenatal glucocorticoids previously during the
pregnancy or if she was expected to deliver in
less than 12 hours for any reason, including
ruptured membranes in the presence of more
than six contractions per hour or cervical dilation
of 3 cm or more unless oxytocin was withheld
for at least 12 hours (although other induction
agents were allowed), chorioamnionitis, cervical
dilation of 8 cm or more, or evidence of nonreas-
suring fetal status requiring immediate delivery.
Gestational age was determined by means of a
method standardized across sites. Exclusion cri-
teria included the lack of gestational-dating re-
sults on ultrasonography before 32 weeks for a
woman with a known date of the last menstrual
period or before 24 weeks of gestation for those
with an unknown date of the last menstrual
period. Full eligibility criteria are provided in the
Supplementary Appendix, available at NEJM.org.

RANDOMIZATION AND TREATMENT

Eligible and consenting women were randomly
assigned in a 1:1 ratio to a course of two intra-
muscular injections containing either 12 mg of
betamethasone (equal parts betamethasone so-
dium phosphate and betamethasone acetate) or
matching placebo administered 24 hours apart.
The randomization sequence was prepared by the
independent data-coordinating center with the
use of the simple urn method,*? with stratifica-
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tion according to clinical site and gestational-
age category (34 to 35 weeks vs. 36 weeks). Each
participant’s supply of study medication was
packaged according to this sequence. Neither
the participants nor the investigators were aware
of study-group assignments. During the trial, we
changed the company that was in charge of
manufacturing the placebo and packaging the
study medication. This resulted in suspension of
recruitment until a new company was identified.
(Additional details are provided in the Supple-
mentary Appendix.)

After administration of the study medication,
the women were treated clinically according to
local practice, including discharge home if deliv-
ery did not occur and the patient’s condition was
considered to be stable. For those enrolled be-
cause of an indication for preterm delivery, labor
inductions were expected to start by 36 weeks
5 days, and cesarean deliveries were to be sched-
uled by 36 weeks 6 days and not before 24 hours
after randomization. Trained and certified re-
search staff members abstracted information
from maternal and neonatal charts, including
demographic information and outcome data,
along with medical, obstetrical, and social his-
tory. Follow-up was performed at 28 days after
birth for all infants who were receiving oxygen
at the time of discharge to determine whether
there was a continuing need for oxygen supple-
mentation.

STUDY OUTCOMES
The primary outcome was a composite end point
describing the need for respiratory support within
72 hours after birth and consisting of one or
more of the following: the use of continuous
positive airway pressure (CPAP) or high-flow
nasal cannula for at least 2 consecutive hours,
supplemental oxygen with a fraction of inspired
oxygen of at least 0.30 for at least 4 continuous
hours, extracorporeal membrane oxygenation
(ECMO), or mechanical ventilation. A high flow
of air or blended air and oxygen was defined as
more than 1 liter per minute. Stillbirth and neo-
natal death within 72 hours after delivery were
also included in the composite outcome as com-
peting events.

Prespecified subgroup analyses for the pri-
mary outcome and severe respiratory complica-
tions were a comparison of a gestational age of

34 to 35 weeks versus 36 weeks at randomiza-
tion, the indication for trial entry (preterm labor,
spontaneous membrane rupture, or obstetrical or
medical indication), a planned cesarean delivery
versus a planned attempt at vaginal delivery at
trial entry, infant sex, and race or ethnic group.

Neonatal secondary outcomes included the
following: severe respiratory complications (a com-
posite outcome of CPAP or high-flow nasal can-
nula for at least 12 continuous hours, supplemen-
tal oxygen with a fraction of inspired oxygen of
at least 0.30 for at least at least 24 continuous
hours, ECMO or mechanical ventilation, still-
birth, or neonatal death within 72 hours after
delivery), the respiratory distress syndrome, tran-
sient tachypnea of the newborn, apnea, broncho-
pulmonary dysplasia, surfactant administration,
need for resuscitation at birth, hypoglycemia,
feeding difficulty, hypothermia, necrotizing
enterocolitis, intraventricular hemorrhage Papile
grade 3 or 4, neonatal sepsis, pneumonia, and
death before discharge. The respiratory distress
syndrome was defined as the presence of clinical
signs of respiratory distress (tachypnea, retrac-
tions, flaring, grunting, or cyanosis), with a re-
quirement for supplemental oxygen with a frac-
tion of inspired oxygen of more than 0.21 and a
chest radiograph showing hypoaeration and re-
ticulogranular infiltrates. Transient tachypnea of
the newborn was diagnosed when tachypnea
occurred in the absence of chest radiography or
with a radiograph that was normal or showed
signs of increased perihilar interstitial markings
and resolved within 72 hours. Bronchopulmo-
nary dysplasia was defined as a requirement for
supplemental oxygen with a fraction of inspired
oxygen of more than 0.21 for the first 28 days of
life. Hypoglycemia was defined as a glucose
level of less than 40 mg per deciliter (2.2 mmol
per liter) at any time.

Two composite outcomes were also prespeci-
fied: one consisting of the respiratory distress
syndrome, transient tachypnea of the newborn,
or apnea; and the other, the respiratory distress
syndrome, intraventricular hemorrhage, or necro-
tizing enterocolitis. Maternal secondary outcomes
included chorioamnionitis, endometritis, delivery
before completion of the course of glucocorti-
coids, and length of hospitalization. Definitions
of all secondary outcomes are provided in the
Supplementary Appendix.
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Charts of all infants who were admitted to
special care nurseries were centrally reviewed by
a subgroup of the investigators and nurse coor-
dinators to verify the respiratory outcomes. Dis-
crepancies among the reviewers, or between local
research staff members and reviewers, were ad-
judicated by an independent neonatal consul-
tant who also reviewed all potential cases of
bronchopulmonary dysplasia. All the reviewers
were unaware of study-group assignments.

STATISTICAL ANALYSIS

We estimated the expected rate of the primary
outcome in the placebo group on the basis of the
results of a pilot study of infants born at 34 to
36 weeks of gestation after adjustment to ac-
count for women at risk for late preterm delivery
who deliver at term. We estimated that 2800
women would provide a power of at least 85% to
detect a relative decrease of 33% in the rate of
the primary outcome, from 9.5% in the placebo
group to 6.3% in the betamethasone group, with
a two-sided type I error rate of 5%. Details re-
garding the power analysis are provided in the
Supplementary Appendix.

Analyses were performed according to the
intention-to-treat principle. We compared contin-
uous variables using the Wilcoxon test and cate-
gorical variables using chi-square and Fisher’s
exact tests. An independent data and safety
monitoring committee monitored the trial. We
used a group sequential method to control the
type I error with the Lan-DeMets characteriza-
tion of the O’Brien-Fleming boundary.’* Two
interim analyses were performed; in the final
analysis of the primary outcome, a two-tailed
P value of less than 0.048 was considered to in-
dicate statistical significance. Since the adjust-
ment is minimal, we report the 95% confidence
interval for the relative risk. For all secondary
outcomes, a nominal P value of less than 0.05
was considered to indicate statistical signifi-
cance, without adjustment for multiple compari-
sons; relative risks and 95% confidence intervals
are reported. To determine whether there was a
differential effect of betamethasone for the pri-
mary outcome and the composite outcome of
severe respiratory complications within the pre-
specified subgroups, we performed the Breslow—
Day interaction test in which a nominal P value
of less than 0.05 was considered to indicate
statistical significance.

RESULTS

CHARACTERISTICS OF THE PARTICIPANTS

Recruitment began in October 2010 and con-
cluded in February 2015. Of 24,133 women who
underwent screening, 2831 eligible participants
underwent randomization (with 1429 assigned
to the betamethasone group and 1402 to the
placebo group) (Fig. 1). The most common rea-
son for exclusion was the expectation that deliv-
ery would occur within 24 hours, which was
determined in 6203 of 19,587 women (31.7%)
who did not meet the eligibility criteria. The
betamethasone and placebo groups were similar
at baseline except for maternal age (mean, 28.6
vs. 27.8 years; P=0.001) and the proportion of
women of Hispanic ethnic background (28.3%
vs. 32.0%, P=0.03) (Table 1).

COMPLIANCE AND SIDE EFFECTS

A total of 860 of 1429 women (60.2%) in the
betamethasone group and 826 of 1402 (58.9%)
in the placebo group received the prespecified
two doses of study medication. Of the 1145
women who did not receive a second dose, 1083
(94.6%) delivered before 24 hours; 6 women did
not receive any of the assigned study medication.
(In the placebo group, 3 women who consented
to participate in the trial subsequently declined
the injection, 1 woman delivered after random-
ization but before the first dose, and 1 received
open-label betamethasone. In the betamethasone
group, 1 woman was in active labor with com-
plete cervical dilation at the time of random-
ization.)

Adverse events that were reported after both
injections were less common in the betametha-
sone group than in the placebo group (rate after
first injection, 14.1% vs. 20.3%; P<0.001; rate
after second injection, 5.5% vs. 9.5%; P<0.007).
Almost all adverse events (95%) were local reac-
tions at the injection site (Table S4 in the Supple-
mentary Appendix).

NEONATAL OUTCOMES

Two women in each study group were lost to
follow-up, so outcome information was available
for 2827 neonates. There were no stillbirths or
neonatal deaths within 72 hours. The rate of the
primary outcome was lower in the betametha-
sone group than in the placebo group (11.6% vs.
14.4%; relative risk, 0.80; 95% confidence inter-
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24,133 Patients were assessed for eligibility

21,302 Were excluded
19,587 Did not meet eligibility
criteria
6074 Did not meet inclusion criteria
6203 Were expecting delivery in <24 hr
3269 Received glucocorticoids previously
for fetal lung maturity
853 Had a fetus with a major anomaly
1056 Had uncertain gestational dating
990 Had pregestational diabetes
1142 Met other exclusion criteria
1,535 Declined to participate
180 Were denied inclusion by their physician

2831 Underwent randomization

1429 Were assigned to receive betamethasone
860 Received 2 doses
568 Received 1 dose
540 Delivered before second dose
13 Declined second dose
10 Did not return for second dose
3 Had staff error
1 Had trial suspended
1 Received open-label betamethasone
as second dose
1 Did not receive assigned medication
owing to active labor or delivery

1402 Were assigned to receive placebo
826 Received 2 doses
571 Received 1 dose
543 Delivered before second dose
14 Declined second dose
13 Did not return for second dose
1 Had staff error
5 Did not receive assigned medication
1 Was in active labor or delivery
3 Declined to participate
1 Received open-label betamethasone as
first dose

2 Were lost to follow-up

2 Were lost to follow-up

1427 Were included in the analysis

1400 Were included in the analysis

Figure 1. Screening, Enrollment, Randomization, and Follow-up.

val [CI], 0.66 to 0.97; P=0.02) (Table 2). We de-
termined that 35 women (95% CI, 19 to 259)
would need to be treated to prevent one case of
the primary outcome. Results remained materi-
ally unchanged in post hoc analyses after adjust-
ment for maternal age and Hispanic ethnic
group and with the exclusion of infants (11 in
the betamethasone group and 21 in the placebo
group) who had a major congenital anomaly that
was not recognized until after delivery.

The rate of the composite outcome of severe
respiratory complications was also significantly
lower in the betamethasone group than in the
placebo group (8.1% vs. 12.1%; relative risk,
0.67; 95% CI, 0.53 to 0.84; P<0.001). The number

needed to treat to prevent one case was 25 (95%
CI, 16 to 56). The rates of the respiratory distress
syndrome, apnea, and pneumonia were similar
in the two groups, but rates of several disorders
were significantly lower in the betamethasone
group than in the placebo group, including tran-
sient tachypnea of the newborn (6.7% vs. 9.9%),
bronchopulmonary dysplasia (0.1% vs. 0.6%),
and the composite of the respiratory distress
syndrome, transient tachypnea of the newborn,
or apnea (13.9% vs. 17.8%); there was also a
significantly lower rate of resuscitation at birth
(14.5% vs. 18.7%) and surfactant use (1.8% vs.
3.1%) (Table 2).

None of the subgroup interaction tests for the

N ENGLJ MED 374;14 NEJM.ORG APRIL 7, 2016

The New England Journal of Medicine
Downloaded from negjm.org at IFRN on April 8, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.

1315



1316

The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Characteristics of the Participants at Baseline.*

Characteristic

Indication for trial entry — no. (%)
Preterm labor with intact membranes

Ruptured membranes

Expected delivery for fetal growth restriction
Expected delivery for oligohydramnios
Expected delivery for other indication
Gestational age at trial entry — no. (%)
<34 wk 6 days
35 wk 0 days to 35 wk 6 days
=36 wk 0 days
Mean (+SD) maternal age — yr
Race or ethnic group — no. (%)
Black
White
Asian
Other, unknown, or more than one race
Hispanic
Nulliparous — no. (%)
Smoking during current pregnancy — no. (%)
Preeclampsia or gestational hypertension — no. (%)
Gestational diabetes — no. (%)

Major congenital anomaly in infant — no. (%)

Expected delivery for gestational hypertension or preeclampsia

Betamethasone Placebo
(N=1429) (N=1402)
400 (28.0) 392 (28.0)
316 (22.1) 304 (21.7)
370 (25.9) 385 (27.5)

46 (3.2) 48 (3.4)
0(3.5) 42 (3.0)
247 (17.3) 231 (16.5)
369 (25.8) 399 (28.5)
571 (40.0) 532 (37.9)
489 (34.2) 471 (33.6)
28.6+6.3 27.8+6.1
376 (26.3) 381 (27.2)
8 8(57 9) 800 (57.1)
7(4.0) 39 (2.8)
168 (11.8) 182 (13.0)
405 (28.3) 448 (32.0)
457 (32.0) 448 (32.0)
204 (14.3) 186 (13.3)
433 (30.3) 440 (31.4)
153 (10.7) 153 (10.9)
1(03) 21 (L.5)

* There were no significant differences between the two groups except for maternal age (P=0.001) and Hispanic ethnic

group (P=0.03).

until birth.

i Race or ethnic group was self-reported. Patients of any race could report Hispanic background.
I Although the presence of a major congenital anomaly was an exclusion criterion, these disorders were not discovered

primary outcome were significant. There was
one marginally significant interaction (P=0.05)
between treatment group and planned delivery
type for the secondary outcome of severe respi-
ratory complications, with a significant reduc-
tion in the betamethasone group among those
for whom cesarean delivery was planned at trial
entry but not among those planning to attempt a
vaginal delivery (Tables S5 and S6 in the Supple-
mentary Appendix).

Two infants (both in the betamethasone group)
died before discharge: one death was due to
septic shock and the other to a structural car-
diac anomaly and arrhythmia. There were no
significant between-group differences in the ges-
tational age at delivery, the frequency of catego-
rization as small for gestational age, length of

hospital stay, or rate of neonatal sepsis, necrotiz-
ing enterocolitis, intraventricular hemorrhage,
hyperbilirubinemia, hypothermia, or a compos-
ite of the respiratory distress syndrome, intra-
ventricular hemorrhage, or necrotizing enteroco-
litis (Table 3). As compared with infants in the
placebo group, infants in the betamethasone
group were less likely to spend 3 or more days
in the intensive or intermediate care nursery
(P=0.03) and had a shorter time until the first
feeding (P=0.004) but had a higher incidence of
neonatal hypoglycemia (24.0% vs. 15.0%; rela-
tive risk, 1.60; 95% CI, 1.37 to 1.87; P<0.001).

MATERNAL OUTCOMES

There were no significant between-group dif-
ferences in the incidence of chorioamnionitis
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Table 2. Neonatal Respiratory Outcomes.*
Betamethasone Placebo Relative Risk
Outcome (N=1427) (N=1400) (95% Cl) P Value
no. (%)
Primary outcome 165 (11.6) 202 (14.4) 0.80 (0.66-0.97) 0.02
CPAP or high-flow nasal cannula for 145 (10.2) 184 (13.1) 0.77 (0.63-0.95) 0.01
=2 continuous hr
Fraction of inspired oxygen of =0.30 for 48 (3.4) 61 (4.4) 0.77 (0.53-1.12) 0.17
=4 continuous hr
Mechanical ventilation 34 (2.4) 43 (3.1) 0.78 (0.50-1.21) 0.26
ECMO 0 NA NA
Stillbirth or neonatal death <72 hr after NA NA
birth
Severe respiratory complication: 115 (8.1) 169 (12.1) 0.67 (0.53-0.84) <0.001
CPAP or high-flow nasal cannula for 93 (6.5) 147 (10.5) 0.62 (0.48-0.80) <0.001
=12 continuous hr
Fraction of inspired oxygen of =0.30 for 20 (1.4) 34 (2.4) 0.58 (0.33-1.00) 0.05
=24 continuous hr
Need for resuscitation at birth§ 206 (14.5) 260 (18.7) 0.78 (0.66-0.92) 0.003
Respiratory distress syndrome 79 (5.5) 89 (6.4) 0.87 (0.65-1.17) 0.36
Transient tachypnea of the newborn 95 (6.7) 138 (9.9) 0.68 (0.53-0.87) 0.002
Apnea 33 (2.3) 37 (2.6) 0.88 (0.55-1.39) 0.57
Bronchopulmonary dysplasia 2 (0.1) 9 (0.6) 0.22 (0.02-0.92)9 0.04
Pneumonia 6 (0.4) 13 (0.9) 0.45 (0.17-1.19) 0.10
Surfactant use 26 (1.8) 43 (3.1) 0.59 (0.37-0.96) 0.03
Composite of respiratory distress syndrome, 198 (13.9) 249 (17.8) 0.78 (0.66-0.93) 0.004
transient tachypnea of the newborn,
or apnea
Pulmonary air leak 5 (0.4) 6 (0.4) 0.82 (0.25-2.68) 0.74

* Two participants in each group were lost to follow-up for the analysis of neonatal respiratory outcomes. Cl denotes
confidence interval, CPAP continuous positive airway pressure, ECMO extracorporeal membrane oxygenation, and NA

not applicable.

T The primary outcome was defined as any of the following occurrences within 72 hours after birth: CPAP or high-flow
nasal cannula for at least 2 continuous hours, supplemental oxygen with a fraction of inspired oxygen of 0.30 or more
for at least 4 continuous hours, mechanical ventilation, stillbirth or neonatal death, or the need for ECMO.

I A severe respiratory complication was defined as any of the following occurrences within 72 hours after birth: CPAP or
high-flow nasal cannula for at least 12 hours, supplemental oxygen with a fraction of inspired oxygen of 0.30 or more
for at least 24 hours, mechanical ventilation, stillbirth or neonatal death, or the need for ECMO. Except for the duration
of CPAP or high-flow nasal cannula and the duration of a fraction of inspired oxygen of 0.30 or more, the criteria for a
severe respiratory complication overlap with those of the primary outcome.

§ The need for resuscitation at birth was evaluated in 1422 infants in the betamethasone group and 1390 in the placebo group.

9§ Exact confidence limits are provided for the difference between two binomial proportions.*

or endometritis. The rates of cesarean delivery,
time to delivery, and length of stay were also
similar in the two groups (Table 4).

SERIOUS ADVERSE EVENTS

Serious maternal adverse events occurred in 10
women in the betamethasone group and 12 in
the placebo group (Table S7 in the Supplemen-
tary Appendix). Apart from the neonatal deaths,
only one serious neonatal adverse event occurred

N ENGL ) MED 374,14

(a case of thrombocytopenia in the betametha-
sone group).

DISCUSSION

In this randomized, multicenter trial, we found
that antenatal administration of betamethasone
to women at risk for late preterm delivery de-
creased the need for substantial respiratory
support during the first 72 hours after birth.

NEJM.ORG APRIL 7, 2016

The New England Journal of Medicine
Downloaded from nejm.org at |FRN on April 8, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



1318

The NEW ENGLAND JOURNAL of MEDICINE

Table 3. Other Secondary Neonatal Outcomes.*

Betamethasone
Outcome (N=1427)
Neonatal death — no. (%) 2 (0.1)
Mean (£SD) birth weight — g 2637+480
Birth weight in <10th percentile — 255 (17.9)
no. (%)
Gestational age at delivery — no. (%)
<34 wk 6 days 193 (13.5)
35 wk 0 days to 35 wk 6 days 394 (27.6)
36 wk 0 days to 36 wk 6 days 609 (42.7)
37 wk 0 days to 38 wk 6 days 202 (14.2)
=39 wk 0 days 29 (2.0)
Necrotizing enterocolitis — no. (%) 0
Proven neonatal sepsis — no. (%) 9 (0.6)
Grade 3—4 intraventricular hemorrhage 2(0.1)
—no. (%)
Composite of respiratory distress syndrome, 81 (5.7)
intraventricular hemorrhage, or
necrotizing enterocolitis — no. (%)
Hypoglycemia — no. (%) 343 (24.0)
Median time until first feeding (IQR) —hr 5.5 (1.4-24.7)
Feeding difficulty — no. (%) 211 (14.8)
Hyperbilirubinemia — no. (%) 167 (11.7)
Hypothermia — no. (%) 132 (9.3)
Admission to intermediate care nursery
or NICU — no. (%)
Any duration 596 (41.8)
Duration =3 days 470 (32.9)
Median length of hospital stay (IQR) — 7 (4-12)

days

Placebo Relative Risk
(N =1400) (95% Cl) P Value
0 NA 0.50
2654+484 0.32
220 (15.7) 1.14 (0.96-1.34) 0.13
0.10
213 (15.2)
386 (27.6)
568 (40.6)
185 (13.2)
48 (3.4)
1(0.1)
11 (0.8) 0.80 (0.33-1.93) 0.62
0
90 (6.4) 0.88 (0.66-1.18) 0.40
210 (15.0) 1.60 (1.37-1.87) <0.001
9.9 (1.7-29.1) 0.004
223 (15.9) 0.93 (0.78-1.10) 0.40
140 (10.0) 1.17 (0.95-1.40) 0.15
112 (8.0) 1.16 (0.91-1.47) 0.24
629 (44.9) 0.93 (0.85-1.01) 0.09
518 (37.0) 0.89 (0.80-0.98) 0.03
8 (4-13) 0.20

* Two participants in each group were lost to follow-up for the analysis of other secondary neonatal outcomes. IQR de-

notes interquartile range, and NICU neonatal intensive care

unit.

Hypoglycemia was defined as a glucose level of less than 40 mg per deciliter (2.2 mmol per liter).

Betamethasone administration also resulted in
reduced rates of severe respiratory complica-
tions, transient tachypnea of the newborn, and
bronchopulmonary dysplasia, along with reduced
rates of surfactant use, resuscitation, and a pro-
longed stay in a special care nursery. These
benefits were found despite the challenges in
predicting the timing of delivery, which resulted
in the administration of two doses of the study
drugs to only 60% of participants.

Our findings are consistent with the results
of the Antenatal Steroids for Term Elective Cae-

sarean Section (ASTECS) trial, in which women
were randomly assigned to receive either antena-
tal glucocorticoids or no glucocorticoids at the
time of elective cesarean delivery at term. There
was a significant reduction in the rate of admis-
sion to neonatal intensive care units for respira-
tory complications in the betamethasone group
(relative risk, 0.46; 95% CI, 0.23 to 0.93).1° Treat-
ment with betamethasone among patients under-
going a scheduled cesarean at term has since
become the standard of care in the United King-
dom. Two smaller randomized trials have spe-
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Table 4. Maternal Outcomes.*

Betamethasone
Outcome (N=1427)
Chorioamnionitis — no. (%) 20 (1.4)
Postpartum endometritis — no. (%) 16 (1.1)
Cesarean delivery — no. (%) 454 (31.8)

Median interval from randomization
to delivery (IQR) — hr

Median length of hospital stay (IQR) 3 (3-5)
— days

33.0 (15.2-111.6)

Placebo Relative Risk
(N=1400) (95% Cl) P Value
32 (2.3) 0.61 (0.35-1.07) 0.08
16 (1.1) 0.98 (0.49-1.95) 0.96
431 (30.8) 1.03 (0.93-1.15) 0.56
30.6 (14.6-111.0) 0.57
3 (3-5) 0.11

* Two participants in each group were lost to follow-up for the analysis of maternal outcomes.

cifically assessed the use of betamethasone in
the late preterm period to prevent adverse neo-
natal respiratory outcomes.”® However, these
studies were inconclusive, since they were under-
powered,® had substantial loss to follow-up,
and had exclusions after randomization.'

The administration of betamethasone did not
significantly affect rates of peripartum maternal
or neonatal infection but increased the rate of
neonatal hypoglycemia, a common late preterm
neonatal complication.” We did not collect data
on blood glucose levels over time. However, there
were no reported adverse events related to hypo-
glycemia, which was not associated with an in-
creased length of hospital stay. Infants with hypo-
glycemia were discharged on average 2 days
earlier than those without hypoglycemia, which
suggests that the condition was self-limiting.
Few trials of antenatal glucocorticoids have in-
cluded information on neonatal hypoglycemia.*
However, the original trial of antenatal gluco-
corticoids showed no significant between-group
difference in the rates of neonatal hypoglyce-
mia.” Nevertheless, our data support monitor-
ing neonatal blood glucose after betamethasone
exposure in the late preterm period.

It is possible that the reduction in the rate of
bronchopulmonary dysplasia with betamethasone
therapy could lead to benefit in long-term out-
comes such as chronic lung disease. However,
follow-up into childhood is needed to inform
later outcomes of treatment.

Our study protocol did not allow the use of
other prenatal interventions, such as tocolysis,
so that we could determine whether the differ-
ence in the primary outcome was due to the use of

antenatal betamethasone. Although we delayed
augmentation of labor by means of oxytocin by
12 hours for women with ruptured membranes
who had contractions or whose cervical dilation
was 3 cm or more, we did not find a significant
between-group difference in the rates of mater-
nal or neonatal infectious complications.

In conclusion, the administration of antena-
tal betamethasone in women at risk for late pre-
term delivery significantly decreased the rate of
respiratory complications in newborns. Beta-
methasone administration significantly increased
the rate of neonatal hypoglycemia but not the rates
of other maternal or neonatal complications.

The views expressed in this article are those of the authors
and do not necessarily represent the views of the NICHD or the
National Heart, Lung, and Blood Institute (NHLBI).

Supported by grants (HL098554 and HL098354) from the
NHLBI, by grants (HD21410, HD27915, HD27917, HD27869,
HD34116, HD34208, HD40485, HD40500, HD40512, HD40544,
HD40545, HD40560, HD53097, HD53118, HD68268, HD68258,
HD68282, and HD36801) from the NICHD, and by a grant (UL1
TR000040) from the National Center for Advancing Transla-
tional Sciences, National Institutes of Health.

No potential conflict of interest relevant to this article was
reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Ronald Wapner, M.D., for his contributions to the
study design, protocol development, and central outcome review;
Michelle DiVito, R.N., M.S.N., for her contributions to adminis-
trative management and central outcome review; Carol Blaisdell,
M.D., of the NHLBI for her advice, oversight, and support; Kath-
leen Jablonski, Ph.D., for study and data management and statis-
tical analysis; Catherine Spong, M.D., of the NICHD for protocol
development, central outcome review, and oversight; Felecia
Ortiz, R.N., B.S.N., and Sabine Bousleiman, R.N.C., M.S.N.,
M.P.H., for their coordination between the clinical research cen-
ters and central outcome review; Karin Kushniruk, R.N., Ashley
Salazar, R.N., M.S.N., W.H.N.P., and Mary Talucci, R.N., for
their assistance in central outcome review; and Rosemary Hig-
gins, M.D., of the NICHD for her expert advice.

N ENGLJ MED 374;14 NEJM.ORG APRIL 7, 2016

The New England Journal of Medicine
Downloaded from nejm.org at |FRN on April 8, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.

1319



1320

BETAMETHASONE FOR WOMEN AT RISK FOR LATE PRETERM DELIVERY

APPENDIX

The authors’ full names and academic degrees are as follows: Cynthia Gyamfi-Bannerman, M.D., Elizabeth A. Thom, Ph.D., Sean C.
Blackwell, M.D., Alan T.N. Tita, M.D., Ph.D., Uma M. Reddy, M.D., M.P.H., George R. Saade, M.D., Dwight J. Rouse, M.D., David S.
McKenna, M.D., Erin A.S. Clark, M.D., John M. Thorp, Jr., M.D., Edward K. Chien, M.D., Alan M. Peaceman, M.D., Ronald S. Gibbs,
M.D., Geeta K. Swamy, M.D., Mary E. Norton, M.D., Brian M. Casey, M.D., Steve N. Caritis, M.D., Jorge E. Tolosa, M.D., M.S.C.E.,
Yoram Sorokin, M.D., J. Peter VanDorsten, M.D., and Lucky Jain, M.D., for the NICHD Maternal-Fetal Medicine Units Network.

The authors’ affiliations are as follows: Columbia University, New York (C.G.-B.); the George Washington University Biostatistics
Center, Washington, DC (E.A.T.); the University of Texas Health Science Center at Children’s Memorial Hermann Hospital, Houston
(S.C.B.), the University of Texas Medical Branch, Galveston (G.R.S.), and the University of Texas Southwestern Medical Center, Dallas
(B.M.C.) — all in Texas; the University of Alabama at Birmingham, Birmingham (A.T.N.T.); the Eunice Kennedy Shriver National In-
stitute of Child Health and Human Development, Bethesda, MD (U.M.R.); Brown University, Providence, RI (D.J.R.); Ohio State Uni-
versity, Columbus (D.S.M.), and the MetroHealth Medical Center, Case Western Reserve University, Cleveland (E.K.C.) — both in Ohio;
the University of Utah Health Sciences Center, Salt Lake City (E.A.S.C.); the University of North Carolina at Chapel Hill, Chapel Hill
(J.M.T.), and Duke University, Durham (G.K.S.) — both in North Carolina; Northwestern University, Chicago (A.M.P.); the University
of Colorado School of Medicine, Anschutz Medical Campus, Aurora (R.S.G.); Stanford University, Stanford, CA (M.E.N.); University of
Pittsburgh, Pittsburgh (S.N.C.); Oregon Health and Science University, Portland (J.E.T.); Wayne State University, Detroit (Y.S.); the

Medical University of South Carolina, Charleston (J.P.V.); and Emory University, Atlanta (L.J.).

REFERENCES

1. Effect of corticosteroids for fetal mat-
uration on perinatal outcomes. NIH Con-
sens Statement 1994;12(2):1-24.

2. NIH Consensus Development Panel
on the Effect of Corticosteroids for Fetal
Maturation on Perinatal Outcomes. Effect
of corticosteroids for fetal maturation on
perinatal outcomes. JAMA 1995;273:413-8.
3. Crowley PA. Antenatal corticosteroid
therapy: a meta-analysis of the random-
ized trials, 1972 to 1994. Am J Obstet Gy-
necol 1995;173:322-35.

4. Roberts D, Dalziel S. Antenatal corti-
costeroids for accelerating fetal lung mat-
uration for women at risk of preterm
birth. Cochrane Database Syst Rev 20006;
3:CD004454.

5. Escobar GJ, Clark RH, Greene JD.
Short-term outcomes of infants born at 35
and 36 weeks gestation: we need to ask
more questions. Semin Perinatol 2006;30:
28-33.

6. ACOG technical bulletin: preterm la-
bor. Number 206 — June 1995 (replaces no.
133, October 1989). Int J Gynaecol Obstet
1995;50:303-13.

7. Mclntire DD, Leveno KJ. Neonatal
mortality and morbidity rates in late pre-
term births compared with births at term.
Obstet Gynecol 2008;111:35-41.

8. Yoder BA, Gordon MC, Barth WH Jr.
Late-preterm birth: does the changing ob-
stetric paradigm alter the epidemiology of
respiratory complications? Obstet Gyne-
col 2008;111:814-22.

9. Hibbard JU, Wilkins I, Sun L, et al.
Respiratory morbidity in late preterm
births. JAMA 2010;304:419-25.

10. Raju TN, Higgins RD, Stark AR, Lev-
eno KJ. Optimizing care and outcome for
late-preterm (near-term) infants: a sum-
mary of the workshop sponsored by the
National Institute of Child Health and
Human Development. Pediatrics 2006;
118:1207-14.

11. Martin JA, Hamilton BE, Osterman
MJ, Curtin SC, Matthews TJ. Births: final
data for 2013. Natl Vital Stat Rep 2015;64:
1-65.

12. Rosenberger W, Lachin JM. Random-
ization in clinical trials. New York: Wiley,
2002.

13. Papile LA, Burstein J, Burstein R,
Koffler H. Incidence and evolution of sub-
ependymal and intraventricular hemor-
rhage: a study of infants with birth weights
less than 1,500 gm. J Pediatr 1978;92:529-34.
14. DeMets DL, Lan KKG. Interim analy-
sis: the alpha spending function approach.
Stat Med 1994;13:1341-52.

15. Chan ISF, Zhang ZX. Test-based exact
confidence intervals for the difference of
two binomial proportions. Biometrics
1999;55:1202-9.

16. Stutchfield P, Whitaker R, Russell L.
Antenatal betamethasone and incidence
of neonatal respiratory distress after elec-
tive caesarean section: pragmatic random-
ised trial. BMJ 2005;331:662.

17. Porto AM, Coutinho IC, Correia JB,
Amorim MM. Effectiveness of antenatal
corticosteroids in reducing respiratory dis-
orders in late preterm infants: randomised
clinical trial. BMJ 2011;342:d1696.

18. Balci O, Ozdemir S, Mahmoud AS,
Acar A, Colakoglu MC. The effect of ante-
natal steroids on fetal lung maturation
between the 34th and 36th week of preg-
nancy. Gynecol Obstet Invest 2010;70:95-9.
19. Harris DL, Weston PJ, Harding JE. In-
cidence of neonatal hypoglycemia in ba-
bies identified as at risk. J Pediatr 2012;
161:787-91.

20. Liggins GC, Howie RN. A controlled
trial of antepartum glucocorticoid treat-
ment for prevention of the respiratory dis-
tress syndrome in premature infants. Pe-
diatrics 1972;50:515-25.

Copyright © 2016 Massachusetts Medical Society.

ARTICLE METRICS NOW AVAILABLE

Visit the article page at NEJM.org and click on the Metrics tab to view
comprehensive and cumulative article metrics compiled from multiple sources,
including Altmetrics. Learn more at www.nejm.org/page/article-metrics-faq.

N ENGLJ MED 374;14 NEJM.ORG

The New England Journal of Medicine
Downloaded from nejm.org at |FRN on April 8, 2016. For personal use only. No other uses without permission.
Copyright © 2016 Massachusetts Medical Society. All rights reserved.

APRIL 7, 2016



