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to ACS within the window of efficacy (RR 0.535, 95% CI 
0.166–1.72), after adjusting for potential confounders.
Conclusion The results of this study support the current 
practice among obstetricians to aim to administer ACS 
within 7 days of delivery.

Keywords Antenatal corticosteroids · Neonatal 
respiratory distress syndrome · Preterm labour · Window of 
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Introduction

Preterm labour, defined as birth before 37 weeks of gesta-
tion, complicates about 9.5% of pregnancies in Singapore 
[1]. It can occur as indicated deliveries due to maternal or 
foetal complications in 30–40%, or occur spontaneously as 
preterm labour and preterm pre-labour rupture of membrane 
(PPROM) in the remaining 60–70%.

One of the serious complications of preterm birth is 
Neonatal Respiratory Distress Syndrome (RDS). As lung 
maturation usually occurs between 28 and 35 weeks gesta-
tion, preterm infants have less alveoli, and qualitative and 
quantitative deficiency in surfactant. Without surfactant, the 
surface tension of alveoli increases, leading to atelectasis 
during expiration. Subsequently, intrapulmonary shunting 
and ventilation perfusion inequalities occur, causing res-
piratory failure. RDS is a serious complication of preterm 
birth and the primary cause of early neonatal morbidity and 
mortality worldwide. Those preterm infants who do survive 
the neonatal period are also at an increased risk of long-term 
neurological complications and disability [2].

In 1972, Liggins and Howie were the first to show that 
glucocorticoid administration to pregnant mothers acceler-
ates lung maturation and reduces the incidence of RDS in 

Abstract 
Objective Antenatal corticosteroid (ACS) has long been 
regarded as the standard of care for women at risk of preterm 
labour. There are, however, varying practices and regimes in 
ACS administration. It is unclear if “a window of efficacy” 
truly exists and if the benefits of ACS would diminish after 
7 days from the first dose. The objective of this study is 
to determine if the time interval between antenatal corti-
costeroids and delivery influences the neonatal outcomes 
in preterm deliveries from  23+5 to  36+6 weeks’ gestation.
Methods This is a retrospective analysis of 302 women 
and 352 infants who delivered from  23+5 to  36+6 weeks’ 
gestation in KK Women’s and Children’s Hospital from 
1st November 2014 to 31st January 2015. The timings of 
the first two doses of corticosteroids and the delivery were 
retrieved. Neonatal outcomes were compared between those 
delivering within 7 days and those delivering beyond 7 days 
of first dose of ACS.
Results 61.2% of preterm infants received at least one 
dose of antenatal corticosteroids, of which 23.6% received it 
within the window of efficacy. Overall incidence of respira-
tory distress asyndrome in our study is 17.6%. Significantly, 
neonates with ACS exposure beyond 7 days were seven 
times more likely to have RDS as compared to those exposed 

 * Hester C. Q. Lau 
 hester.lau@mohh.com.sg

1 Department of Obstetrics and Gynaecology, KK Women’s 
and Children’s Hospital, 100 Bukit Timah Road, 
Singapore 229899, Singapore

2 Department of Neonatology, KK Women’s and Children’s 
Hospital, Singapore 229899, Singapore

3 Department of Maternal-Fetal Medicine, KK Women’s 
and Children’s Hospital, Singapore 229899, Singapore

http://orcid.org/0000-0003-4979-676X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00404-017-4543-1&domain=pdf


1092 Arch Gynecol Obstet (2017) 296:1091–1096

1 3

premature babies delivered within 7 days of corticosteroid 
therapy [3]. Corticosteroids increase protein production, bio-
synthesis of phospholipids and hence increase surfactant in 
foetal lungs. Since then, many studies have confirmed these 
findings. The most recent Cochrane review on antenatal cor-
ticosteroids (ACS) [4] showed that a single course of ACS 
significantly reduced the incidence of RDS of average 34% 
(risk ratio (RR) 0.66, 95% confidence interval 0.56–0.77; 
28 studies, 7764 participants). The reduction in RDS risk 
also benefits patients with suspected chorioamnionitis [5]. 
Other beneficial effects included reduction in neonatal death, 
intraventricular haemorrhage (IVH), necrotising enterocol-
itis (NEC), need for respiratory support and neonatal inten-
sive care unit (NICU) admission. Corticosteroids have since 
become the standard of care for women at risk of preterm 
labour worldwide.

However, it is still unclear whether the benefits of a com-
plete course of ACS would diminish after 7 days from the 
first dose as first suggested in Liggins & Howie’s paper. 
The optimal treatment–delivery interval for administration 
of ACS proposed by the Royal College of Obstetrics and 
Gynaecology (RCOG) is more than 24 h and before 7 days 
after the completion of a course of ACS. There are current 
studies that showed that infants delivering more than 7 days 
after initial ACS exposure have a higher frequency of RDS 
than those who were delivered within a week [6–9]. These 
question the need for a repeated dose of ACS if delivery did 
not occur within 7 days of first ACS exposure. Yet, there 
are concerns regarding the safety of repeated doses of ACS 
[10–12]. The National Institute of Health and Care Excel-
lence (NICE) guidelines (NG25) “Preterm labour and birth” 
[13] does not recommend rescue doses of ACS, and to con-
sider it if the initial course was given less than  26+0 weeks 
of gestation.

Furthermore, there are many differing practices and 
regimes in the administration of ACS [14, 15] which may 
influence efficacy. The ACS regime practiced in KK Women 
& Children’s Hospital (KKH) in Singapore involves admin-
istration of IM Dexamethasone 12 mg every 12 h for two 
doses to women at risk of preterm delivery from  23+5 (48 h 
before viable gestation) up to  35+6 weeks’ gestation. This 
study aims to determine if the time interval between the 
first dose of IM Dexamethasone 12 mg and delivery affects 
neonatal outcomes in preterm deliveries from  23+5 to  36+6 
weeks’ gestation.

Methodology

This is a retrospective analysis of women who delivered 
from  23+5 to  35+6 weeks’ gestation in our centre within the 
duration of 1st November 2014 to 31st January 2015. Data 
were retrieved from pre-existing computerised databases. 

One study investigator extracted data from the databases 
while a second investigator did a quality assurance review 
of 10% of the data and found discrepancies in less than one 
percent of all data variables collected.

The maternal data included the demographics, delivery 
details, indication for antenatal corticosteroids administra-
tion, maternal obstetrics and past medical history, antena-
tal history for current pregnancy, and details of antenatal 
corticosteroids admission. The presence of RDS is the 
main foetal outcome in this study. Other foetal outcomes 
collected include length of stay in Neonatal Intensive Care 
Unit (NICU), mortality rate, need for surfactant therapy, 
duration of ventilation, presence of IVH, proven neonatal 
sepsis and NEC.

RDS is diagnosed by the neonatologist based on the 
following clinical parameters:

1. Respiratory rate of more than 60 per minute.
2. Respiratory distress in evidence of dyspnoea (grunting, 

sternal, subcostal and intercostal retraction).
3. Occurring within 4–6 h of delivery.
4. Oxygen requirement (any percentage) to prevent cyano-

sis.
5. Chest X-ray changes (homogenous reticulogranular) 

[16].

IVH is diagnosed by cranial ultrasound on day three of 
life and graded according to the classification by Papile 
et al. [17]. NEC is diagnosed according to Bell staging 
criteria [18].

The window of efficacy for ACS in this study is defined 
as delivery within 48 h to 7 days from first dose of ACS. 
Neonatal outcomes were compared between the group of 
neonates that were delivered within 7 days and those deliv-
ering beyond 7 days of first dose of ACS.

The data collected were analysed via Statistical Package 
for the Social Sciences (SPSS) version 22. Pearson Chi-
square test was performed for categorical variables. For 
continuous variables, normality was checked using Kol-
mogorov–Smirnov test. For normally distributed variables, 
T test was performed. For non-normally distributed vari-
ables, Mann–Whitney U test was performed. Multinomial 
logistic regression analyses were performed to estimate the 
odds of RDS in newborns after administration of antenatal 
corticosteroids, adjusting for covariates with significant 
effects greater than 10% on outcome of interest with inclu-
sion and then exclusion from adjusted analysis. Adjusted 
analysis was not performed for individual morbidities with 
low frequencies, less than 10 observations for category for 
other outcomes. Comparisons with association p < 0.05 
and 95% confidence interval not inclusive of null value of 
one were considered statistically significant differences.
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Results

A total of 352 infants were delivered prematurely to 301 
women in the study period with 249 singleton, 50 twins 
and one triplet deliveries. All records were available and 
retrieved within the study period. As seen from Fig. 1, only 
216 (61.2%) infants were exposed to dexamethasone ante-
natally. Out of which, only 51 (23.6%) received ACS dur-
ing the window of efficacy, 66 (30.6%) received them more 

than 1 week before delivery and 99 (45.8%) received it less 
than 48 h of delivery. There were no infants who received a 
rescue dose or a repeat course of ACS.

There was a significant association between birth weight 
and ACS exposure to delivery among the 3 groups (within 
48 h, 48 h to 7 days and beyond 7 days). There were no sta-
tistically significant difference between the groups in terms 
of gestational age, type of preterm birth, gestation, mode of 
delivery and indication for ACS (Table 1).

The overall incidence of RDS in our study is 17.6%. 
As seen from Fig.  2, lesser gestational age at delivery 
(OR 2.124, 95% CI 0.411–0.571), PPROM (OR 7.7, 95% 
CI 1.892–25) and preterm labour (OR 5.895, 95% CI 
1.557–22.323) were found to be associated with RDS inde-
pendent of ACS exposure.

A total of three (0.90%) NEC occurred among the 352 
neonates studied. There were no cases of NEC among neo-
nates who received steroids. There were 16 (4.7%) cases of 
IVH among the neonates studied. Mortality rate (inclusive 
of stillborn and neonatal death) within the 3 months study 
period was 4.0%. There was no statistically significant dif-
ference in NEC, IVH and mortality rate among neonates 
who received ACS within 48 h, within window of efficacy 
or beyond a week.

As seen from Table 2, when compared to those neonates 
without ACS, those who had ACS exposure were less likely 

Fig. 1  Proportion of neonates who was exposed to Dexamethasone 
(Dexa) antenatally and the duration between ACS exposure and deliv-
ery

Table 1  Neonatal characteristics according to timing of ACS exposure

Bold indicates statistically significant results

Neonatal characteristics Less than 48 h 48 h to 7 days Beyond 7 days Total, n p value

Total, n (%) 99 (45.8) 51 (23.6) 66 (30.6) 216 –
Gestational age (weeks), mean (SD) 33.62 (0.265) 32.45 (0.460) 33.45 (0.378) – 0.056
Birth weight (kg), mean (SD) 2.17 (0.060) 1.87 (0.086) 2.11 (0.077) – 0.025
Method of conception, n (%) 0.171
Spontaneous, n (%) 62 (43.1) 32 (22.2) 50 (34.7) 144
Iatrogenic, n (%) 37 (51.4) 19 (26.4) 16 (22.2) 72
Gestation 0.139
Single, n (%) 71 (49.0) 36 (24.8) 38 (26.2) 145
Multiple, n (%) 28 (39.4) 15 (21.1) 28 (39.4) 71
Mode of delivery 0.069
Vaginal delivery, n (%) 33 (47.8) 10 (14.5) 26 (37.7) 69
Caesarean section, n (%) 66 (44.9) 41 (27.9) 40 (27.2) 147
Diagnosis 0.099
Preterm labour 39 (50.0) 14 (17.9) 25 (32.1) 78
Preterm premature rupture of membranes 21 (43.8) 11 (22.9) 16 (33.3) 48
Hypertension (including Pre-eclampsia and eclampsia) 21 (53.8) 11 (28.2) 7 (17.9) 39
Antepartum haemorrhage 2 (11.1) 7 (38.9) 9 (50.0) 18
Foetal factors: intrauterine growth restriction (IUGR), 

oligohydramnios, non-reassuring foetal status (NRFS)
5 (33.3) 6 (40.0) 4 (26.7) 15

Elective caesarean section 6 (60.0) 2 (20.0) 2 (20.0) 10
Others 4 (57.1) 0 (0.0) 3 (42.9) 7
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to have RDS and oxygen therapy regardless of the time inter-
val between ACS exposure to delivery. The other neonatal 
outcomes (NICU stay and length of stay, surfactant therapy, 
IVH, NEC, APGAR score at 5 min, cord pH and proven 
neonatal sepsis) were not found to be significantly different 
when the 3 groups were compared.

Table 3 shows the incidence of RDS for neonates who 
were exposed to ACS within 48 h, from 48 h to 7 days 
and beyond 7  days. Those with ACS exposure beyond 
7 days were 7.02 times more likely to get RDS (95% CI 
1.54–32.07), after adjusting for confounders including gesta-
tional age, birth weight and indication for ACS. When com-
pared with neonates with ACS exposure within the window 

of efficacy (48 h to 1 week), neonates given within 48 h 
were 0.53 times less likely to get RDS (95% CI 0.17–1.72) 
although this did not achieve statistical significance.

Discussion

Administration of antenatal corticosteroids (ACS) is a 
widely accepted practice for preterm deliveries to decrease 
the incidence of neonatal respiratory distress syndrome 
(RDS). However, the timing of ACS administration in rela-
tion to the delivery is controversial. It remains unknown if 
the efficacy of ACS beyond a week from initial exposure is 

Iatrogenic 
concep�on

Singleton

Preterm labour

PPROM

HTN

APH

GA at delivery 

0.624 (0.3271.19)

0.871 (0.4721.609)

5.895 (1.55722.323)

7.7 (1.89225)

2.909 (0.70611.991)

0.786 (0.1813.416)

2.124 (1.7882.523)

5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
OR (95% CI) of RDS

Fig. 2  Multivariate analysis of the association between neonatal characteristics with incidence of RDS, independent of ACS exposure

Table 2  Multivariate analysis of the association between the time intervals of ACS exposure to birth with adverse neonatal outcomes

Bold indicates statistically significant results
* Adjusted for gestational age of dexamethasone given, birth weight and indication for ACS
^ Resuscitation include Bag and Mask, and endotracheal intubation

Outcome Adjusted OR (95% CI) according to timing of antenatal corticosteroids*

No ACS Less than 48 h 48 h to 7 days Beyond 7 days

RDS Reference <0.001 (< 0.001–0.139) <0.001 (< 0.001–0.152) 0.001 (< 0.001–0.398)
Oxygen therapy Reference 0.001 (< 0.001–0.184) 0.001 (< 0.001–0.211) 0.003 (< 0.001–0.446)
Surfactant therapy Reference 0.083 (< 0.001–252.637) 0.105 (< 0.001–239.076) 0.149 (< 0.001–182.233)
Resuscitation  needed^ Reference 234.943 (0.507–108,818.017) 240.747 (0.636–91,186.478) 27.813 (0.125–6203.785)

Table 3  Multivariate analysis 
of the association between the 
time intervals of ACS exposure 
to birth with incidence of RDS

Bold indicates statistically significant results
* Adjusted for gestational age, birth weight and indication for ACS

Outcome Less than 48 h 48 h–7 days Beyond 7 days

Incidence of RDS (%) 21 (42.0) 17 (34.0) 12 (24.0)
Adjusted OR (95% CI) according to 

timing of ACS*
0.53 (0.17–1.72) Reference 7.02 (1.54–32.07)
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indeed limited, necessitating a repeat dose of ACS. It also 
begs the question of how important is it for obstetricians to 
judge the timing of ACS administration relative to the likeli-
hood of preterm delivery within the next 7 days.

Main findings

Our results showed that ACS exposure in preterm neonates 
significantly reduce the incidence of RDS and oxygen ther-
apy requirement. There was a benefit of administrating cor-
ticosteroids (IM Dexamethasone 12 mg 12 h apart) within 
7 days of delivery as infants with ACS exposure beyond 
7 days are seven times more likely to have RDS as those 
with ACS exposure within this window period. This result is 
similar to that in some other studies as well. In a retrospec-
tive cohort study performed by Ring et al. [9], time inter-
val of more than 14 days since ACS exposure is associated 
with increased risk of ventilator support and surfactant use. 
Waters et al. [6] found that delivery more than a week after 
ACS exposure is associated with higher frequency of RDS 
among neonates born at 30–33+6 weeks, but no association 
is found with use of surfactant therapy. Our results also sug-
gested benefit of administering ACS within 48 h of delivery.

Strength and limitations

Strengths of our study include a large number of preterm 
deliveries with a significant incidence of RDS for analysis, 
from a clinically diverse cohort of women presenting at the 
largest obstetric centre and perinatal unit in Singapore. We 
also included all preterm neonates within the study period, 
including those late preterm babies  (34+0 to  36+6 weeks ges-
tation). The study contributes to the literature on neonatal 
outcomes associated with an antenatal corticosteroid regime 
of two doses of intramuscular Dexamethasone 12 mg 12 h 
apart for women presenting with preterm labour up to  35+6 
weeks.

We acknowledge that there are several limitations to our 
study. Our study is a retrospective review which limits the 
analysis on cause and effect relationship between the factors 
and outcomes. The low incidence of severe complications: 
stillbirth, neonatal death, IVH and NEC within the study 
period did not allow us to examine them. Both Peaceman 
et al. [19] and Ring et al. [8] failed to show a significant 
difference in the IVH incidence between neonates exposed 
to ACS within 7 days and beyond 7 days. The number of 
neonates (n = 10) involved in this subgroup analysis was 
too small, a problem similar to what these previous studies 
faced. Similarly, the incidence of NEC is also too low to be 
correlated with timing of ACS. Peaceman et al. [19] found 
no significant correlation between NEC and timing of ACS. 
It is hypothesised that ACS aids in the maturation of organs 
with glucocorticoid receptors such as the brain, thyroid and 

gastrointestinal tract, thus reducing the incidence of IVH and 
NEC [20–22]. Hence, it may be worthwhile to analyse these 
correlations in future larger studies.

Interpretation

It is possible that the results of this study may be partly due 
to the different ACS regime in our centre and the inclu-
sion of late preterm neonates. In our centre, antenatal cor-
ticosteroid regime involves intramuscular Dexamethasone 
12 mg every 12 h for two doses, given to mothers with 
preterm labour up to 35 + 6 weeks. Previous studies men-
tioned above involved an ACS regime of 24-hourly dosage 
instead of a 12-hourly one. There are, however, evidence 
to suggest that a 12-h interval may be equivalent to stand-
ard 24-h interval [14]. Our study included late preterm 
babies (34 + 0 to 36 + 6 weeks gestation). In the Cochrane 
Review on ACS in 2006, RDS was found to be decreased 
when steroids were administered at  33+0 to  34+6 weeks (RR 
0.52, 95% CI 0.31–0.91, two studies, 434 infants) but not 
at  35+0 to  36+6 weeks (RR 0.61, 95% CI 0.11–3.26, one 
study, 189 infants) [2]. In the updated Cochrane Review 
on ACS in 2017 [4], there appears to be no evidence that 
the gestational age at trial entry resulted in difference in 
RDS rates [GA ≤ 35 + 0 weeks RR 0.65 (0.58–0.73) vs. 
GA ≥ 34 + 0 weeks RR 0.71 (0.56–0.91)]; both groups had 
decreased rate of RDS. A recent study by Gyamfi-Banner-
man et al. [23] also reported positive results showing benefit 
of betamethasone for late preterm birth in a multicentre, 
placebo-controlled, randomised trial in which 2831 women 
at high risk of delivery between  34+0 and  36+5 weeks’ gesta-
tion. The study showed significantly lower risk of the com-
posite primary outcome (stillbirth or neonatal death before 
72 h or need for respiratory support by 72 h of age) in the 
betamethasone group than in the placebo group. The esti-
mated number of women who would need to be treated to 
avoid one infant requiring respiratory support was 35 (95% 
CI 19–259).

Conclusion

In summary, our study reinforced the rationale behind the 
common practice of giving antenatal corticosteroids in pre-
term birth and also demonstrated significant decrease in 
RDS for those who were delivered within 7 days of ACS. 
This supports the current practice among obstetricians to 
aim to administer ACS within the window of efficacy. There 
may also be added benefit to the infant to administer at least 
a dose of ACS in late preterm labour. Our study also revealed 
that only 61.2% of preterm foetuses were exposed to ACS. It 
is imperative to keep a regular audit of this intervention for 
preterm birth, educate patients to allow earlier presentation, 
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and encourage the timely administration of ACS before pre-
term delivery occurs in order to benefit.
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