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ABSTRACT
Summary of recommendations

1. Corticosteroids should be administered to women at a gestational age between 24þ0 and
33þ6weeks, when preterm birth is anticipated in the next seven days, as these have been
consistently shown to reduce neonatal mortality and morbidity. (Strong-quality evidence;
strong recommendation). In selected cases, extension of this period up to 34þ6weeks may
be considered (Expert opinion). Optimal benefits are found in infants delivered within
7 days of corticosteroid administration. Even a single-dose administration should be given
to women with imminent preterm birth, as this is likely to improve neurodevelopmental
outcome (Moderate-quality evidence; conditional recommendation).

2. Either betamethasone (12mg administered intramuscularly twice, 24-hours apart) or dexa-
methasone (6mg administered intramuscularly in four doses, 12-hours apart, or 12mg admin-
istered intramuscularly twice, 24-hours apart), may be used (Moderate-quality evidence; Strong
recommendation). Administration of two “all” doses is named a “course of corticosteroids”.
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3. Administration between 22þ0 and 23þ6weeks should be considered when preterm birth is
anticipated in the next seven days and active newborn life-support is indicated, taking into
account parental wishes. Clear survival benefit has been observed in these cases, but the
impact on short-term neurological and respiratory function, as well as long-term neurodeve-
lopmental outcome is still unclear (Low/moderate-quality evidence; Weak recommendation).

4. Administration between 34þ 0 and 34þ 6weeks should only be offered to a few selected
cases (Expert opinion). Administration between 35þ0 and 36þ6weeks should be restricted
to prospective randomized trials. Current evidence suggests that although corticosteroids
reduce the incidence of transient tachypnea of the newborn, they do not affect the inci-
dence of respiratory distress syndrome, and they increase neonatal hypoglycemia. Long-
term safety data are lacking (Moderate quality evidence; Conditional recommendation).

5. Administration in pregnancies beyond 37þ0weeks is not indicated, even for scheduled
cesarean delivery, as current evidence does not suggest benefit and the long-term effects
remain unknown (Low-quality evidence; Conditional recommendation).

6. Administration should be given in twin pregnancies, with the same indication and doses as
for singletons. However, existing evidence suggests that it should be reserved for pregnan-
cies at high-risk of delivering within a 7-day interval (Low-quality evidence; Conditional rec-
ommendation). Maternal diabetes mellitus is not a contraindication to the use of antenatal
corticosteroids (Moderate quality evidence; Strong recommendation).

7. A single repeat course of corticosteroids can be considered in pregnancies at less than
34þ0weeks gestation, if the previous course was completed more than seven days earlier, and
there is a renewed risk of imminent delivery (Low-quality evidence; Conditional
recommendation).

Introduction

Preterm birth is associated with significant newborn
mortality and morbidity, as well as a large economic
burden, estimated to account for billions of euros
annually in high-resource countries.

In normal pregnancies, fetal exposure to maternal
cortisol is restricted by the enzyme 11b-hydroxysteroid
dehydrogenase-2 (11b-HSD2), which is abundantly
expressed in the placenta very early during human
pregnancy [1]. Synthetic glucocorticosteroids are also
metabolized by the placental 11b-HSD2 [2].

Parenteral administration of corticosteroids to preg-
nant women at risk of preterm birth has been shown
for decades to reduce respiratory and neurological
newborn complications caused by the immaturity of
these systems [3–5], becoming a part of routine
obstetric care.

Nevertheless, several studies suggest that ante-
natally-administered corticosteroids may delay myelin-
ation and reduce brain growth [6]. An association has
also been shown between corticosteroid use and
higher diastolic pressure in adolescence, as well as
with neurodevelopmental disability, mental and
behavioral disorders [7,8]. More research is needed to
establish the long-term effects of corticosteroids and
their possible impact on cardiometabolic syndromes,
as moderate links have been found with coronary
heart disease, stroke, hypertension, and type 2 dia-
betes in adulthood [9].

For all these reasons, corticosteroid use in pregnancy
must be tempered by caution. Optimal selection of
cases benefiting from its use, optimal drug selection,

dose and timing are paramount to provide maximum
value and reduce unnecessary use. Current evidence
suggests that less than half of women with symptoms
of preterm birth receive antenatal corticosteroids at an
optimal timing [10–12]. In asymptomatic women at risk
for preterm delivery, this proportion may be as low as
10% [11].

This evidence-based guideline is intended to assist
practitioners in the optimal use of corticosteroids for
women at risk of imminent spontaneous preterm
birth, and those planned for iatrogenic preterm birth
due to maternal or fetal pathology. It complements
the recent European consensus guideline on the man-
agement of respiratory distress syndrome [13] and
EAPM0s guidelines that refer to the management of
preterm labor [14,15].

Recommendations

The benefits of antenatal corticosteroids in reducing
neonatal mortality and morbidity have been shown in

1. Corticosteroids should be administered to women at a gestational
age between 24þ0 and 33þ6weeks, when preterm birth is anticipated
in the next seven days, as they have been consistently shown to
reduce neonatal mortality and morbidity (Strong-quality evidence;
strong recommendation). In selected cases, extension of this period
up to 34þ6weeks may be considered (Expert opinion). Optimal bene-
fits are found in infants delivered within 7 days of corticosteroid
administration; even single-dose administrations should be given in
women with imminent preterm birth, as it is likely to improve neuro-
developmental outcome (Moderate-quality evidence; conditional
recommendation).
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numerous randomized controlled trials. A Cochrane
meta-analysis from 2020, evaluating 30 trials, con-
cluded that, compared to placebo or no treatment,
corticosteroids reduce perinatal and neonatal death by
approximately 20%, neonatal respiratory distress syn-
drome by approximately 30%, and probably also
decrease the risk of intraventricular hemorrhage [16].
Limited evidence suggests that they may also reduce
long-term neurodevelopmental impairment. They have
no significant impact on maternal outcomes, such as
puerperal sepsis, endometritis, and maternal death.
The actual period for use of corticosteroids seems to
be based on optimally defined intervals, rather than
predefined ones. Hence, it is difficult to determine
the actual upper limit [16], but most seem to favor
the intake of corticosteroids up until 34þ 6weeks. On
the other hand, the most recent randomized trial,
commissioned by the World Health Organization
(ACTION-I) which was included in the Cochrane review
mentioned above, used 33þ 6weeks as the upper
limit interval [16]. Therefore, in selected cases, exten-
sion of this period up to 34þ6weeks may be consid-
ered. In this same trial, researchers observed that the
use of dexamethasone significantly decreased peri-
natal death (RR 0.88, 95%CI 0.78–0.99], without
increasing the risk of maternal infection or other
adverse events [17].

The maximum benefit of corticosteroids seems to
occur within the first week following administration.
An observational study reported benefits on mortality
and intraventricular hemorrhage/periventricular leuko-
malacia even when interval-to-birth was less than six
hours, and becoming less when exceeding seven days
[18]. A recent secondary analysis from two observa-
tional studies confirmed the optimal benefit for
respiratory distress in infants delivered between two
and seven days after treatment [19]. In women with
iatrogenic preterm delivery, timing is usually easier to
achieve. For spontaneous preterm birth timing relies
on clinical evaluation, including biochemical markers
and cervical length measurement.

A meta-analysis of 14 studies indicated that a com-
plete or incomplete course of corticosteroids, in
women at high-risk of imminent delivery, improves
neurodevelopmental outcome, although information is
mainly limited to the use of betamethasone [20]. A
recent meta-analysis that combined data from obser-
vational and case-control studies, conducted in small-
for-gestational-age preterm fetuses also observed a
reduction in neonatal mortality rate (OR 0.63, 95%CI
0.46–0.86), although the incidence of respiratory

distress syndrome was not affected (OR 0.89, 95%CI
0.69–1.15) [21].

The most widely studied corticosteroids for use in
this setting are betamethasone (12mg administered
intramuscularly twice, 24-h apart) and dexamethasone
(6mg administered intramuscularly in four doses, 12-h
apart) [22]. The preparation used in most betametha-
sone trials was a mixture of betamethasone phosphate
(a short-acting form) and betamethasone acetate (a
long-acting form) [23]. The largest randomized trial
comparing the two corticosteroids recruited 1346
women from 14 centers and allocated them to receive
two intramuscular injections of either 12mg dexa-
methasone or 11.4mg betamethasone, 24-h apart.
Similar results were found for betamethasone and
dexamethasone, regarding survival without neurosen-
sory disability at two-years of age [24]. A recent net-
work meta-analysis also concluded that both
corticosteroids are equally effective in preventing neo-
natal death, neurodevelopmental disability, and intra-
ventricular hemorrhage [25]. On the other hand,
dexamethasone has a lesser effect on the incidence of
respiratory distress syndrome. The same study con-
cludes that dexamethasone may reduce chorioamnio-
nitis and fetal death but may increase endometritis/
puerperal sepsis.

In conclusion, currently existing evidence suggests
that both betamethasone and dexamethasone have
similar effects on survival and long-term neurodeve-
lopmental disability, and that minor differences are
seen in short-term morbidity and mortality. These are
insufficient to judge the superiority of either regimen,
or of alternative doses.

Whereas the improvement in newborn morbidity
given by antenatal corticosteroids during the period

2. Either betamethasone (12mg administered intramuscularly twice,
24-h apart) or dexamethasone (6mg administered intramuscularly in
four doses, 12-h apart, or 12mg administered intramuscularly twice,
24-h apart), may be used (Moderate-quality evidence; Strong recom-
mendation). Administration of two “all” doses is termed a “course of
corticosteroids”.

3. Administration between 22þ0 and 23þ6weeks should be consid-
ered when preterm birth is anticipated within the next seven days
and active newborn life-support is indicated, taking into account par-
ental wishes. A clear survival benefit has been observed in these
cases, but the impact on short-term neurological and respiratory
function, as well as long-term neurodevelopmental outcome is still
unclear (Low/moderate-quality evidence; Weak recommendation).
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24þ0 and 33þ6weeks has been established in random-
ized trials, their impact on offspring delivered at the
threshold of viability (between 22þ0 and 23þ6weeks)
has only been investigated in observational studies. A
meta-analysis including nine observational studies of
deliveries in gestational weeks 22–24 (n¼ 13,443),
showed that antenatal corticosteroid exposure was
associated with a significant reduction in mortality (OR
0.48; 95%CI 0.42–0.55), and a decreased incidence of
intraventricular hemorrhage or periventricular leukoma-
lacia (OR 0.70; 95%CI 0.63–0.79). Mortality remained
significantly lower when analyzing weeks 22 and 23
separately, but statistical significance was loess for
intraventricular hemorrhage or periventricular leukoma-
lacia in week 22. The most recent Cochrane review [26],
also concluded that there is moderate-certainty evi-
dence that antenatal corticosteroids reduce perinatal
mortality when administered before 24–25weeks.

Active life support in newborns with less than
24weeks gestational age varies between countries.
Varying obstetric and newborn practices are directly
related to the percentage of live newborns, survival,
and prevalence of long-term morbidities [27]. A recent
case-control study from the United States, evaluating
clinical practice in 24,379 pregnancies delivered during
weeks 22–23, reported that antenatal corticosteroids
were administered in 7.7% of pregnancies at risk of
imminent delivery during week 22, and in 9.4% of
pregnancies during week 23 [28]. In contrast, the most
recent national population-based study from Sweden
(n¼ 1009) reports that 64% of liveborn infants at
week 22 and 92% of infants at week 23 had received
antenatal steroids [29].

The recommendation for administration of cortico-
steroids in these gestational ages needs to be consist-
ent with the decision to provide active life-support to
the child after birth, and this needs to be based on a
detailed and sensitive discussion between parents and
the perinatal team.

Several studies have addressed the impact of ante-
natal corticosteroids in late preterm deliveries,
between 34þ0 and 36þ6weeks of gestation. These
account for approximately 10% of all births worldwide

(about 75% of preterm births). Despite the relatively
low incidence of neonatal morbidity among preterm
births at these gestational ages, the overall size of this
population has an important impact on neonatal care
[30–32]. Late preterm cesarean deliveries impose an
increased risk of neonatal morbidity and mortality
[33]. A large randomized trial that recruited 2,831
women at risk of late preterm delivery and allocated
women to an intervention group that received two
injections of 12mg betamethasone, 24-h apart, docu-
mented a significant reduction in a composite of
respiratory complications, when compared to a pla-
cebo group. However, these differences were driven
mainly by the need for continuous positive airway
pressure (CPAP) or high-flow nasal cannula for more
than two hours [34]. The corticosteroid group also had
a reduction in demand of CPAP/high flow cannula for
more than 12 h and in transient tachypnea of the
newborn. However, no differences were observed in
the incidences of respiratory distress syndrome, mor-
tality, or length of hospital stay, and there was a sig-
nificant increase in the incidence of neonatal
hypoglycemia. A meta-analysis involving women from
six trials indicated that antenatal steroids in late pre-
term pregnancies reduced neonatal respiratory mor-
bidity, including reduced incidence of transient
tachypnea of the newborn (0.38, 95%CI 0.25–0.57),
RDS (0.40, 95%CI 0.27, 0.59), and use of mechanical
ventilation (0.19, 95%CI 0.08–0.43) [35]. Taking this
information into consideration the authors suggested
that a single course of corticosteroids should be con-
sidered in women at risk of preterm birth between
34þ 0 and 36þ 6weeks.

A recent meta-analysis suggests that offspring
exposed to antenatal corticosteroids during the
early preterm period have decreased incidence of neu-
rodevelopmental impairment (OR 0.69, 95%CI 0.57,
0.84) [36]. The long-term benefit, however, for children
with late preterm exposure seems to be negative as
neurocognitive disorders increase (OR 1.12, 95%CI
1.05, 1.20). This effect becomes more prominent for
offspring exposed at term as they seem to have more
behavioral and mental disorders (OR 1.47, 95%CI 1.36,
1.60) [36].

Considering this information, counterbalancing of
the benefits and adverse effects of antenatal cortico-
steroids should be investigated prior to their introduc-
tion in clinical practice. For these reasons, antenatal
corticosteroid use in women at risk of preterm delivery
between 34þ0weeks and 36þ6weeks, should be lim-
ited to prospective randomized trials only.

4. Administration between 34þ 0 and 34þ 6weeks should only be
offered to a few selected cases (Expert opinion). Administration
between 35þ0 and 36þ6weeks should be restricted to prospective
randomized trials. Current evidence suggests that, although cortico-
steroids reduce the incidence of transient tachypnea of the newborn,
they do not affect the incidence of respiratory distress syndrome, and
increase neonatal hypoglycemia. Long-term safety data are lacking
(Moderate quality evidence; Conditional recommendation).
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A recent Cochrane review suggests that cortico-
steroid treatment for elective cesarean section at
term decreases the risk of respiratory distress syn-
drome (RR 0.48, 95%CI 0.27–0.87) [37], a result that
was also found in a large individual trial [38], but
was not consistent across all trials. In contrast, a
recent observational study found that corticosteroids
for planned early-term ceasarean delivery increases
the risk of neonatal hypoglycemia without affecting
the incidence of respiratory distress syndrome [39]. A
decisive factor in deciding whether to administer cor-
ticosteroids in this population is the low prevalence
of respiratory distress syndrome, limiting the overall
effect of any treatment.

Therefore, given the low prevalence of respiratory
distress syndrome in this group of patients and the
unknown long-term effects of corticosteroids, they
should not be administered routinely, even before
scheduled cesarean delivery.

Several retrospective cohort studies indicate that
antenatal corticosteroids improve neonatal outcomes
in twin pregnancies delivered before 34weeks [12,
40–42], reducing severe neurological and respiratory
morbidity, as well as the need for mechanical ventila-
tion by approximately 50%. Most of these cases seem
to have been delivered within a seven-day interval
from corticosteroid administration. A sub-analysis of
the EPIPAGE-2 study revealed that the beneficial effect
of corticosteroids does not seem to extend beyond
one week [12]. In a population-based study of 6546
preterm twins under 32weeks, the beneficial effect of
corticosteroids involved only short-term neurologic
outcomes, whereas no difference was found in the
incidence of respiratory distress syndrome or neonatal
death [43]. Severe morbidity in preterm twins does
not appear to be different from that of singletons [44],
therefore it is reasonable to assume corticosteroid use
should be the same.

Given the large proportion of twin pregnancies
delivered in the late preterm period, there is need for
robust evidence on the effect of corticosteroid use in
these situations. No randomized controlled trials have
so far been published on this subject, but a large trial
is ongoing [45].

The beneficial effect of corticosteroids in diabetic
pregnancies appears to be similar to the non-diabetic
population before 34weeks [46]. However, late pre-
term pregnancies are less prone to serious respiratory
complications [47], and current evidence suggests that
administration of corticosteroids during this period
increases the rate of neonatal hypoglycemia [19, 48].
Diabetes should not be considered a contraindication
to corticosteroid administration, but close follow-up of
glycemic values is required to adjust insulin infusion
rates [49]. The optimal regimen and dose remain to
be defined as a recent randomized controlled trial
suggested that dexamethasone (12mg administered
intramuscularly twice, 12-h apart) may be superior to
dexamethasone (6mg administered intramuscularly
four times, 12-h apart) in terms of reducing maternal
hyperglycemic episodes [50]. Offspring of diabetic
mothers are at an increased risk of developing hypo-
glycemia and respiratory morbidity beyond that attrib-
uted to prematurity [51].

The majority of the available evidence concerning
the safety of antenatal corticosteroids is retrieved from
cohort studies. Given that potential confounders may
partially skew the findings of several studies, it is
important to evaluate current evidence based on large
series which are designed on a post-market setting
and which complement the efficacy data that emanate
from pre-market randomized trials, using real-world
data. A Cochrane review analyzing data from 10
randomized trials concluded that repeat courses of
corticosteroids in pregnancies at risk of being born
seven or more days after the initial course reduces
severe short-term neonatal morbidity [18]. A slight
reduction in birth weight was also found, but no sig-
nificant harm was observed in childhood. A recent
individual patient data meta-analysis reported that
repeat courses of corticosteroids, at a total dose of
24–48mg reduced the likelihood of respiratory sup-
port after birth, but neonatal deaths and neurosensory

5. Administration in pregnancies beyond 37þ0weeks should not be
considered, even before scheduled cesarean delivery, as current evi-
dence does not suggest a clear indication of benefit and the long-
term effects of treatment remain unknown (Low-quality evidence;
Conditional recommendation).

6. Administration should be given in twin pregnancies, with the same
indication and doses as for singletons. However, existing evidence
suggests that it should only be administered for pregnancies at high-
risk of delivering within seven days as in the case of singletons (Low-
quality evidence; Conditional recommendation). Maternal diabetes
mellitus is not a contraindication to the use of antenatal corticoste-
roids (Moderate quality evidence; Strong recommendation).

7. A single repeat course of corticosteroids can be considered in
pregnancies below 34þ0weeks gestation, if the previous course was
administered more than 7 days earlier and there is renewed high-risk
of imminent delivery (Low-quality evidence; Conditional
recommendation).
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disability were not influenced [52]. Similar results are
reported in the latest Cochrane review [18]. Evidence
from two large multicentre cohorts failed to find a dif-
ference in the risk of death or disability at five years
of age, between offspring that received single or mul-
tiple courses of corticosteroids, questioning the long-
term benefits of a second course [53,54]. Children
born at term following multiple courses of corticoste-
roids had a 70% higher risk of death or neurodevelop-
mental disability at five years of age than those
exposed to a single course [55]. The gestational age
threshold at which the benefits of repeated courses
outweigh the risks remains unknown. Large cohort
studies indicate that multiple courses of corticoste-
roids initiated before 29weeks may have increased
benefits than risks.

Among this balance of conflicting evidence, it is
recommended to consider one single repeat course of
corticosteroids in pregnancies below 34þ0weeks ges-
tation if the previous course was administered more
than 7 days earlier, and there is renewed high-risk of
preterm birth [51]. Concerning their impact on the
prevalence of cardiometabolic disease, no adverse
effect was found when assessing children at school
age exposed antenatally to repeated doses of cortico-
steroids [56].

Methodology used in the development of
this guideline

The writing group conducted searches in PubMed,
EMBASE, Cochrane Library, Ovid, UpToDate for articles
related to this topic. These were limited to studies
involving humans and articles published in English
between January 1988 and April 2022. Randomized tri-
als and observational studies were considered eligible.
The searches were completed manually by consulting
the reference list in the identified publications and
other guidelines related to the topic. The search terms
used were corticosteroids, betamethasone, dexametha-
sone, antenatal, pregnancy, preterm birth, prematurity,
twin pregnancies, cesarean section, diabetes mellitus,
intrauterine growth restriction, repeat doses, interval
to delivery. The writing group synthesized the evi-
dence and elaborated the first draft of the manuscript,
proposing recommendations according to the Grading
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