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This chapter on therapeutic drift with antenatal steroids will make the case that this pilar of treatment to improve
the outcomes of preterm infants, despite multiple Randomized Control Trials (RCTs) and meta-analysis, has
multiple gaps in solid clinical data to support any expanded use of Antenatal Corticosteroids (ACS). A basic
problem is that agents used for ACS have never been evaluated to minimize fetal exposures. Based on the premise
that all drug exposure to the fetus should be minimized and only used when necessary, ACS is a potent devel
opmental modulator that has never been evaluated to minimize the dose and duration of fetal exposure. The use
of ACS is expanding to late preterm infants where the benefit is modest, to elective C-sections, and periviable
fetuses, with minimal RCT data of long-term benefit. Relevant animal experiments demonstrate that much lower
doses will induce lung maturation in sheep and primates. Another area of drift in the use of ACS is based on the
assumption that the old RCT data accurately predict the magnitude of benefit when ACS is used today with
entirely different OB and neonatal care strategies to improve outcomes. We do not have data that demonstrate
the effectiveness of ACS in very low resource environments, where most of the preterm mortality occurs. The
final concern is the risk of ACS to the infant and child. Short-term risks are minimal but dysmaturation effects of
ACS on multiple organ systems (lung, heart, brain, and kidney) may result in disease presentation in later life.

1. Current treatment guidelines
Antenatal Corticosteroids (ACS), first developed to induce early lung
maturation based on studies in sheep by Liggins in the 1960s[1], and
first tested in humans by Liggins and Howie in 1972 [2] has been
standard of care for women at risk of preterm delivery since the 1994
National Institute of Health Consensus Conference aggregated the evi
dence and gave a strong endorsement of ACS [3]. There was substantial
resistance to the use of steroids in the obstetric community in part from
the adverse outcomes of diethylstilbestrol with its transgenerational
effects [4] and the recognition that corticosteroids are potent develop
ment modulators that are central to the stress response [5]. ACS may
also be central to effects that could promote the metabolic syndrome
following preterm delivery [6]. The recommendation of the Consensus
Conference was to treat fetuses at risk of preterm delivery at 24–34
weeks gestational age [3]. That recommendation was reaffirmed by the
World Health Organization (WHO) in 2015 because their review of the
literature supported the use of ACS as the most effective and easy
intervention in low resource environments to decrease premature

related mortality in low and middle-income health care environments
[7]. That recommendation was tempered following the Althabe publi
cation showing increased infant mortality in larger infants exposed to
ACS with no benefit for the smaller, presumed more preterm, infants [8].
The recommendation from the WHO was to limit ACS use only for
pregnancies with known gestations of 24–36 weeks, if there are facilities
to care for the delivery of the mother and basic care for a preterm infant
[7].
In clinical practice in advanced care environments, ACS use has
expanded to 22–24 weeks gestation deliveries and periviable deliveries
at >20 weeks gestation if the parents agree after extensive discussion
[9]. The other major expansions are for late preterm infants (34–36
weeks gestational age) [10,11] for elective C-sections at term to improve
neonatal transition. Poorly documented ACS are given to “potentially
at-risk pregnancies” as a cautionary treatment. The net effect is that
perhaps 50% of all pregnancies in the US may be exposed to ACS
(Table 1). This chapter will explore some of the gaps in the evidence that
challenge that widespread use for even the 24–34 week gestation indi
cation and present some of the risks (Table 2).
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Table 1
Percent of Delivery Populations.

Previable deliveries (
< 24 weeks)
24–34 weeks deliveries
340 – 366 weeks
deliveries
Elective C-section >
370 weeks
Pregnancies viewed as
high risk – No
specific indication

% Total
Population
Treated

Potential
Exposures with
No Benefit

Total Population
Potentially
Treated

0.5%

>0.5%

>1%

3%
7%

3%
4%

6%
11%

15–70%

–

15–70%

Unknown

–

Unknown

Total of
Deliveries

33–78%

Fig. 1. Sketch of fetal blood levels of Beta from Beta Ac and Beta P for 2 dose
treatments of 12 mg each in preterm labor [44]. The blue curve is for results
with Beta Ac of effective fetal blood levels for lung maturation in a sheep
model. Goals should be to avoid high peak levels and to keep the area under the
curve to the observed level for perhaps 48hrs.

because it is inexpensive, readily available worldwide, and stable [7].
Please note the total dose of 24 mg of potent steroids, a very high dose
for the routine interval uses of these potent steroids [19]. In the UK,
standard therapy is 2 doses of 12 mg Beta P given at a 24 h interval. A
recent trial demonstrated efficacy equivalence of the 2 doses 12 mg Dex
group at 24 h instead of the 2 dose mixture of Beta P + Beta Ac [20].
These treatments have not been evaluated for minimizing fetal
exposure while preserving efficacy. The optimal fetal exposure should
be the minimal area under the curve for as short a duration as possible,
with avoidance of high peak exposure (Fig. 1) as we do not know what
characteristic of a fetal exposure curve for antenatal effects might have
adverse or beneficial effects. The assumption is that virtually all expo
sures of the fetus to drugs should be avoided without clear benefit and
strong assessments of risk.
We have been working with sheep models and primate models to
understand what is an effective minimal exposure for lung maturation
for about 5 years. We have learned the following:

Table 2
Gaps in knowledge for accepted use for 24 weeks–34 weeks at risk pregnancies.
* Only about 100 delivers >28 weeks gestation were even randomized in the 30 trials
performed prior to 1993 [17]. Thus, we have minimal RCT data for the major target
population for ACS use in current neonatal practice.
* There has never been a formal pharmacologic evaluation of the optimal drug, dose,
route of treatment, or duration of exposure to optimize the desired fetal lung
maturation response [17].
* Long term adverse developmental effects of ACS have not been adequately assessed.
There is new information that fetal exposure to ACS followed by term delivery may
have adverse effects [34].

A substantial problem is that the trials that tested the benefits of ACS
are old, primarily from prior to 1993. Thus, most of the randomized
pregnancies were >30 weeks gestational age at delivery, and only about
100 pregnancies treated with ACS delivered before 28 weeks could be
identified in the Roberts meta-analysis (2006)[12], which is the most
complete and detailed evaluation of the early RCTs. A systematic review
by Onland also found no data proving benefit for ACS for infants born at
<26 weeks [13]. In contrast, there are a number of epidemiologic re
ports comparing outcomes for infants <34 weeks with non-treated
pregnancies [14–16]. We have argued that these reports use inappro
priate comparisons as the not ACS treated pregnancies differ for a
number of variables that would predict worse outcomes compared to the
ACS treated pregnancies [17]. Another little recognized issue for out
comes was uncovered by a reanalysis of the Roberts 2006 meta-analysis
by the WHO [7]. The benefit achieved from ACS depends on the treat
ment to the delivery interval. It is generally considered that the optimal
interval from treatment to delivery for benefit with ACS is 1–7 days, but
if the goal is decreasing mortality that interval is > 48 h, to prevent
Respiratory Distress Syndrome (RDS) the interval is > 24 h to 7 days for
death, and for Intraventricular Hemorrhage (IVH) the only interval that
showed benefit in the RCT data was >48 h but not to 7 days. These
intervals are rough approximates because most of the trial data did not
include information on the interval from treatment to delivery. In
practice, the interval depends on how the preterm labor proceeds, which
cannot usually be controlled. But most clinicians assume benefit for all
outcomes from 1 day to 7 days.
Despite multiple trials for efficacy, there has been no attempt to
minimize risk from the steroid treatment. The standard dosing for ACS
varies worldwide, but a number of dosing regimens have not been
validated [18]. The two most common treatments are with a combina
tion drug (6 mg betamethasone phosphate (Beta P) combined 1:1 with 6
mg of the slow-release betamethasone acetate (Beta Ac) given intra
muscular (IM) to the mother at the recognition of the risk of preterm
delivery and a second dose 24 h later. This treatment is the dominant
treatment in the US, Europe, Australia, and New Zealand. The second
common treatment is 4 doses at 12hr interval of 6 mg maternal IM
dexamethasone phosphate (Dex P) as recommended by the WHO

a) The minimal effective fetal exposure in sheep and primates is about
1 ng/ml in fetal plasma [21,22].
b) The concentrations achieved with Beta Ac + Beta P about 4 days after
treatment are similar between animal models and preterm preg
nancies based on cord blood values from preterm deliveries [23,24].
c) The duration of exposure for a durable lung maturation effect for 7
days is ~48 h[25].
d) The high peak maternal plasma levels caused by Beta P or Dex P are
not needed for a lung maturation response [21].
e) Any of the treatments cause very large and rapid effects on the
transcriptome in the fetal monkey brain and lung within 4 h [22].
f) Clinically only about 40% of fetuses seem to respond to ACS to
prevent RDS. That variable response is also evident in sheep models
and is not explained by variable fetal responses to potentially vari
able fetal steroid exposures [26].
Of particular concern to us are the pharmacokinetics of drugs used
for ACS (Fig. 2). The Beta Ac from the combination drug can be
measured in maternal blood for 3 weeks after a single dose of 3 mg Beta
Ac – the clinical treatment delivers 12 mg. These measurements were
made in India, in healthy, nonpregnant, women (Fig. 2) [27]. Separate
clinical reports of cord blood data for infants delivered after the clinical
treatment with 12 mg Beta P + Beta Ac, also report substantial Beta
levels [23,24]. This means that infants born shortly after an ACS treat
ment will have therapeutic levels of Beta in their blood at birth, which
will be slowly cleared over days. If they do not deliver for several weeks
after the initial ACS treatment, they may still have residual steroid ef
fects. This concept of persistent fetal exposures has not been evaluated
clinically. The other concern is the prolonged adrenal suppression in the
mother after the 2 dose ACS treatment (Fig. 2C), which will probably last
2
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Fig. 2. Clearance of 6 mg Dex P (orange) and Beta P (blue) and the 6 mg of the combination drug Beta P + Beta Ac (black) in healthy Indian women [27]. Clearance
curves are fit well by log base 10. The one curiosity is the very slow clearance of the Beta P + Beta Ac. It was still measurable in maternal blood 9 days after the single
dose containing just 3 mg of Beta Ac, and still measurable at 13 days with very little clearance even after a week. The washout period in time from the first dose to the
second dose was 9 days. 2B: Effects of same treatments on blood glucose [27]. The steroids increase maternal blood sugar for over 24 h. The Figure is redrawn using
data from Ref. [27]. 2C: Effects of steroid doses on plasma cortisol of 6 mg Beta P, 6 mg Dex P or 6 mg Beta P + Beta Ac in reproductive age nonpregnant women in
India [27]. These doses were just 25% of the dose used clinically profoundly suppressed cortisol for several days, which will be extended with a second clinical dose
of 12 mg or retreatment protocols. Please note the very long suppression of cortisol after the treatment with the IM combination of Beta-P and Beta-Ac.

Fig. 3. Effects of ACS exposure on birth weight (Frame A) and head circumference (Frame B). Population-based assessments on 278,508 live-born singletons >24
weeks gestation. 4887 were treated in early gestation with ACS and delivered at term (Term after ACS exposures) [32]. (Frame C) Effects of ACS on mental and
behavioral disorders, assessed at 5.8 years of age for 674,877 singleton deliveries in Finland from 2006 to 2017 (entire population-based study) [34]. ACS was
associated with brain developmental abnormalities if delivery occurred at term, but not after preterm birth presumably because the benefits of ACS canceled the
adverse neurodevelopmental effects of preterm delivery on neurodevelopment. The Figure is drawn from data given in Ref. [32] (Frame A and B) and [34] (Frame C).

for at least 7 days [27], (Fig. 2), and abnormal glucose that results from
the steroid treatments (Fig. 2C).
There are a number of concerns about more use of ACS at the high
dose used routinely clinically. In general, preterm male infants have
shorter telomeres at 18–27 years of age [28]. As well as an early
phenotype of the Metabolic Syndrome, with hearts that have thicker
walls and abnormal shape at term, a relatively normal peripheral blood
pressure with increased central blood pressure for both male and female

preterms [29,30]. Preterms, in general, have a lower IQ by ½ standard
deviation (10–15 IQ points), this deficit has been constant over 20 years
[31]. Fetuses exposed to ACS because of pregnancy-related concerns
that ultimately deliver at term are born smaller with lower birth weights
(Fig. 3A) [32,33], have smaller head circumference (Fig. 3B) [32], and
increased neurological deficits (Fig. 3C) [34,35]. These studies in
aggregate suggest that the preterm at term already has biologically
advanced aging at term.
3
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Table 3
Outcomes for late preterm infants treated with ACS.

GA at Delivery
Primary Outcome
Severe Respiratory
Morbidity
Surfactant Treatment
Hypoglycemia

Placebo (N =
1400)

ANS (N =
1427)

p

36.1
14.4%
12.1%
3.1%
15%

36.1
11.6%
8.1%
1.8%
24%

–
0.023
<0.001
0.031
<0.001

Fig. 5. Individual patient meta-analysis of repeat ACS. *Serious outcomes in
death, severe respiratory distress, grade 3–4 IVH, BPD NEC, severe ROP, cystic
PVL. Redrawn from Crowther et al. [33].

Modified from Gyamfi-Bannernan NEJM, 2016 [10]

well without ACS, even more caution about risks is warranted before
widespread use.
Elective C-sections: The largest potential expansion of ACS would be
widespread use to facilitate neonatal transitions after elective C-sec
tions. In some regions of the world, most deliveries are by elective Csections for multiple reasons, and ACS can marginally decrease the
known complications of neonatal adaptation abnormality from C-sec
tions [41]. A meta-analysis that includes both the late preterm trials and
term trials shows the net benefits for the population of infants [11]
(Fig. 4). Our concern is that most ACS treated potential C-sections would
be delivered 24 h after the second dose of ACS; some practitioners may
give only 1 dose. If the drug is Beta P + Beta Ac, the newborn will have a
blood level of about 5 ng/ml betamethasone [24], which is a substantial
blood level with pharmacologic effects on the immune system and
cortisol levels.
ACS for LMIC: The majority of preterm deliveries that result in
mortality occur in very low medical resource environments. ACS does
have some benefit in well-resourced settings in low and middle-income
countries (LMIC) [42], but there is no data about safety or benefit in very
poorly resourced environments. The Althabe trial reported increased
mortality in the larger, presumably not premature infants exposed to
ACS [8], and the cause of the increased deaths is not known with any
precision. The suggestion was increased infection, a plausible explana
tion for steroid-induced immune suppression [8]. The feasibility of
effectively identifying the at-risk population and getting them treated to
be delivered in a location that can support the care of the infant and
mother remains to be explored. The new WHO ACTION I trial raises
other issues about expanded use. My understanding is that the
meta-analysis of Robert & Dalziel (2006) [12] or the WHO reanalysis
(2015) [7] are used for estimates of the magnitude of the death benefit in
LMIC. The magnitude of benefit is unlikely to be across time because of
modern OB and neonatal care. For example, the initial trial of Liggins
and Howie in 1972 with death as the primary outcome was performed
before continuous positive airway pressure (CPAP) or surfactant were
described to manage respiratory distress syndrome and before ventila
tion of preterms with RDS was common. Therefore, outcomes from these
early trials may greatly overestimate the current death benefit. The risk
ratio for death in the Robert & Dalziel meta-analysis for the death
outcome for ACS vs placebo was 0.69, CI 0.58–0.81. The WHO trial has a
risk ratio for death of 0.84, CI 0.72–0.97. Indicating less benefit of lower
significance than historical information [42]. Therefore, the field needs
to be cautious about expanding indicators for ACS without good esti
mates of risk and benefits without considering outcomes with current
management.
Repeated Courses of ACS: In 2019, Crowther published an individual
patient meta-analysis including 11 trials including 5915 infants [33]. Of
note, all the repetitive trials used as a drug the mixture of Beta-Ac +
Beta-P and which will cause a long persistence in maternal and fetal
blood of the Beta from Beta Ac (Fig. 2). Based on the most current
knowledge of the pharmacokinetics of this drug, these patients would
have been exposed to essentially continuous Beta until they delivered – a
drug behavior not recognized by those who designed the repeated
dosing studies. This is another form of therapeutic drift – using drugs

Fig. 4. Meta-analysis of combined later preterm and term ACS use [11]. In
large numbers of patients, transient tachypnea, RDS, and severe RDS are
decreased but with a large number of patients needed to treat for the benefit.
Redrawn from Ref. [11].

The fetal lung has a developmentally predetermined vital lung ca
pacity and Forced Expiratory Flow (FEV1) at birth that defines small
airway function. These measurements track across age and decrease
with age [36], a phenomenon that may increase with ACS, such that by
mid-young adulthood their lung function is like other individuals with
early-stage COPD [30].
Periviable deliveries: There are more and more periviable gestational
age deliveries that are receiving ACS in the gestational age range from
20 weeks to 24 weeks as a result of more aggressive obstetric and
neonatal care, with no RCT data demonstrating benefits or risks. What is
the biological plausibility for the benefit at a very early gestational age?
Human lung explants respond to steroids in vitro [37]. Fetal sheep at 90
days gestational age do respond to ACS, but with responses that differ
from later gestational age responses [38]. There is epidemiologic data
for a benefit [39] albeit unconvincing because there is no good com
parison group of fetuses not exposed to ACS and a high likelihood that
the periviable fetuses exposed to ACS are the “better, larger fetuses”
[17]. There is no information about drug choice or dose for these very
high-risk pregnancies or the possibility for more developmental
disruption with a high dose of ACS with adverse and unanticipated
adverse effects on the very early gestational age fetuses. It will be most
difficult to do RCTs to prove a benefit in these, fortunately, rare
pregnancies.
Late Preterm deliveries: The major study of possible benefits of ACS
in 35–36 week modestly preterm infants is the large, excellent trial from
Gyamfi [10]. This group of deliveries is about 10% of the delivery
population, in which some have significant morbidity with little mor
tality. There were no deaths in the treatment or control arms of that trial
[10]. The benefits were modest with a decrease in respiratory findings
and the risk of increased (from 15% to 24% of deliveries) hypoglycemia
in the newborns [40] (Table 3). Hypoglycemia may be particularly
problematic in low-resource environments as hypoglycemia may not be
detected and effective therapy may not be available (Table 3). The late
preterm pregnancies represent a large expansion of the ACS treated
population to 10–12% of all deliveries. As most of these infants will do
4
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Practice points
•
•
•
•

A
A
A
A

single repeat dose once delivery is deemed to be imminent (rescue dosing).
complete 2 dose re-treatment if delivery has not occurred within 7–14 days of the initial treatment.
single repeat dose if delivery has not occurred within 7–14 days (untested for efficacy).
schedule of potentially multiple repeated treatments at some interval after the first treatment until 34 weeks gestation or delivery.

Research directions
1. Use new pharmacokinetic (PK) and pharmacodynamic (PD) data for ACS to design trials to test drug choice of treatment oral (PO) or IM and
low dose to minimize fetal exposure.
2. Continue research to understand how ACS induces lung maturation by mesenchymal cell efforts to perhaps identify a better target for
treatment.
3. Evaluate why some fetuses respond to ACS while about 60% do not have a diagnosis of RDS.
4. Evaluate available cohorts for unanticipated late RCTs of ACS on the aging lung cardiovascular efforts.
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