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Administration of antenatal corticosteroids has been standard of care for women between

24 and 34 weeks of gestation who are at risk for preterm delivery for more than 20 years

longer in other parts of the world. Although the benefit of steroids in this population has

been confirmed, there remain many questions including the frequency of dosing and

whether it is possible to expand the gestational age criteria to women likely to deliver

before 24 weeks or after 34 weeks. The MFMU Network has played a major role in

answering some of these questions.

& 2016 Elsevier Inc. All rights reserved.

Introduction

Over the last half century there has been little success in the
prevention of preterm birth. Despite this, there have been
dramatic reductions in perinatal morbidity and mortality
including both acute complications such as respiratory dis-
tress syndrome (RDS), intraventricular hemorrhage (IVH),
necrotizing enterocolitis (NEC), retinopathy of prematurity
(ROP), and patent ductus arteriosus (PDA), as well as long-
term morbidities including cerebral palsy, visual and hearing
impairment, learning disabilities, and behavioral issues.
Arguably, the single prenatal therapy responsible for most
of this improvement has been the antenatal administration

of corticosteroids, which has been available since 1972 and
used with regularity by obstetricians since the NICHD Con-
sensus statement in 1994 confirming their value.1 Despite the
regular use of antenatal steroids following this statement
there have been consistent questions about the appropriate
dosing and risks of treatment.

Historical perspective: The effect of antenatal
corticosteroids on the developing lungs

Endogenous corticosteroids are essential to the normal
process of fetal lung development. During late gestation,
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internally secreted corticosteroid levels increase leading to
maturation of the fetal lung structure and inducing enzymes
and proteins to facilitate postnatal function.2 The antenatal
administration of antenatal corticosteroids accelerate these
processes,3,4 making the lungs more mature than they would
be without treatment.4

The discovery of the beneficial effects of antenatal cortico-
steroids on fetal lung development was made serendipitously
in the late 1960s, by Graham Liggins, who was evaluating the
hypotheses that the fetus produces labor-inducing substan-
ces, one of these being steroid hormones. Using a sheep
model where large doses of exogenous steroids were given in
an attempt to induce labor, Liggins5 observed that the
exposed preterm lambs had structurally more mature lungs
than expected, were viable at an earlier gestational age, and
had less severe respiratory distress.
Along with pediatrician Ross Howie, Liggins6 investigated

this finding in human pregnancies and in 1972 published the
results of a randomized controlled trial using antenatally
administered betamethasone to improve fetal lung function.
They found that two 12 mg injections of betamethasone
given 24 h apart significantly reduced the incidence of RDS
in preterm neonates, from 15.6% to 10.0%.6 These results
were later confirmed by other studies, which also exhibited a
substantial reduction in preterm infant mortality from 11.6%
to 6.0%.7

Despite this dramatic improvement, for 2 decades relatively
few preterm infants actually benefited from antenatal steroid
treatment.8 Unwarranted fears about potential side effects
and concerns about the quality of evidence caused many
physicians to be hesitant to adopt antenatal steroid treat-
ment into routine clinical practice.9 Because of this, the
National Institutes of Health (NIH) held a consensus confer-
ence in 1994 to review the available evidence on the safety
and efficacy of antenatal corticosteroids.10 Citing a meta-
analysis of 15 randomized controlled trials, the NIH panel
concluded that the use of antenatal corticosteroids signifi-
cantly reduced neonatal mortality, RDS, and IVH with no
proven short- or long-term risks to the infant.11 This panel
advised that antenatal corticosteroids should be adminis-
tered to all women between 24 and 34 weeks of gestation who
are at risk for preterm delivery. The American College of
Obstetricians and Gynecologists (ACOG) endorsed the result-
ing NIH consensus statement.12 As expected, the use of
antenatal corticosteroids in the United States rose dramati-
cally because of these published statements.13

The appropriate dosing regimen: Is there a need
for repeat courses?

The NIH consensus panel of 1994 suggested that the optimal
benefit of antenatal corticosteroid treatment was seen 24 h to
7 days after initiation of treatment and recommended further
investigation to determine whether the beneficial effects
diminish after 7 days and whether additional treatment is
necessary for infants that remain in utero.10 Evaluation of the
duration of the treatment effect using the data from studies
on a single course of steroids proved problematic, because the
majority of the patients who did not deliver within 7 days of

initial treatment remained pregnant for a substantially longer
period. For example, in Liggins and Howie’s original studies,
more than 70% of pregnancies that continued for more than 7
days after treatment also continued until 34 or more weeks’
gestation. At this gestation both the treated and control
groups had an incidence of RDS of less than 5% making it
difficult to determine how long the effect of the initial course
of antenatal steroids persisted.6

Despite the dearth of evidence regarding the utility of
additional steroids, use of repeat courses became widespread.
In a 1996 survey, 96% of United States MFM specialists
indicated that they would give more than one course of
antenatal corticosteroids.14 Similar surveys in Australia and
the United Kingdom reported that 85% of Australian and 98%
of British MFMs prescribed multiple courses of antenatal
corticosteroids.15,16 In 2001, a second NIH steroid consensus
panel concluded that there was insufficient scientific data
from randomized trials regarding the safety and efficacy of
repeat corticosteroids to recommend either for or against
their use. They suggested limiting administration of repeat
courses to patients enrolled in randomized trials only.17

MFMU Network randomized placebo-controlled
trial of antenatal corticosteroid regimens

At the time of the second NIH steroid consensus panel, the
MFMU Network had recently initiated a randomized clinical
trial to determine whether weekly courses versus a single
course of antenatal corticosteroids would improve neonatal
outcome. This randomized, double-masked, placebo con-
trolled, and multicenter clinical trial (BEARS—for beneficial
effects of repeat steroids) was performed by 18 MFMU net-
work centers. The study enrollment was limited to pregnant
women with intact membranes between 23 weeks 0 days and
31 weeks 6 days, who had received a single full course of
betamethasone or dexamethasone between 7 and 10 days
earlier, and remained at high risk for spontaneous preterm
birth. Study participants were randomized into weekly
courses of betamethasone or placebo. Each course consisted
of two injections 24 h apart of 12 mg of betamethasone or the
equivalent volume of matching placebo.18 Initially the proto-
col included an unlimited number of weekly courses until
birth or 33 weeks 6 days’ gestation, whichever was sooner,
consistent with routine clinical practice at the time. Because
of emerging data in the literature,19–21 suggesting possible
harmful effects of multiple courses, after the first 67 partic-
ipants, the protocol was changed so that no patient could
receive more than five total courses.
The primary outcome was a composite of (1) severe

respiratory distress syndrome (RDS), (2) grade III or IV intra-
ventricular hemorrhage, (3) periventricular leukomalacia, (4)
chronic lung disease, or (5) stillbirth or neonatal death. As
early research suggested that birth weight and head circum-
ferences might be reduced by antenatal steroid exposure,
these outcomes were evaluated as the major safety out-
comes.19–21 With the planned sample size there was ample
power to detect small but meaningful differences.
Recruitment began in March of 2000 and ended in April

2003, when the Data and Safety Monitoring Committee
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