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Abstract
Objective  To evaluate the association between antenatal corticosteroid treatment and neonatal outcome when delivery 
occurs at term.
Study design  A retrospective cohort study of all women with singleton gestations who delivered at term (37 + 0 to 
41 + 6 weeks) in a tertiary medical center (2012–2015). Women with diabetes, suspected fetal growth restriction, antepar-
tum fetal death, and fetal structural or chromosomal anomalies were excluded. The cohort was divided according to prior 
preterm (24 + 0 to 33 + 6 weeks) antenatal corticosteroids treatment due to threatened preterm labor (study group), vs. no 
such treatment (control group). Primary outcome was birthweight at delivery. Secondary outcomes were composites neonatal 
adverse outcomes. Logistic regression analysis was utilized to adjust results for potential confounders.
Results  Of 25,872 women who were included in the study, 722 (3%) were treated with antenatal corticosteroids. Women in 
the treatment group had higher rates of nulliparity compared to controls (43% vs. 38%, p = 0.002). Birth weight was signifi-
cantly lower in the corticosteroid treatment group (3077 g vs. 3264 g, p = 0.001), with higher rates of small for gestational 
age (11% vs. 6%, p = 0.001). Multivariate analysis adjusting for parity and gestational age demonstrated that corticosteroid 
treatment was associated with lower birth weight (B = − 93 g, 95% CI − 123 to − 66, p = 0.001). Treatment was not found to 
be associated with adverse neonatal outcomes composites.
Conclusion  Antenatal corticosteroid treatment is associated with lower birth weight and higher rates of small for gestational 
age neonates among women who eventually deliver at term. However, it is not associated with short-term adverse neonatal 
outcomes.
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Abbreviations
ACS	� Antenatal corticosteroid
RDS	� Respiratory distress syndrome
TTN	� Transient tachypnea of the newborn
NICU	� Neonatal intensive care unit
BMI	� Body mass index
MAS	� Meconium aspiration syndrome
HIE	� Hypoxic ischemic encephalopathy

IVH	� Intraventricular hemorrhage
NEC	� Necrotizing enterocolitis

Introduction

Antenatal corticosteroid (ACS) treatment prior to anticipated 
preterm delivery is one of the most important interventions 
to improve neonatal outcome [1]. Neonates delivered pre-
term, whose mothers were treated with ACS, have signifi-
cantly lower frequency and severity of respiratory distress 
syndrome, intracranial hemorrhage, necrotizing enterocol-
itis and death compared to preterm neonates, whose moth-
ers did not receive ACS [2, 3]. A single ACS course which 
may be repeated once is recommended when preterm birth 
may occur between 24 + 0 and 33 + 6 gestational weeks [1]. 
ACS may be considered as early as 23 + 0 gestational weeks 
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when preterm delivery is imminent within 7 days [2, 4, 5]. 
Furthermore, a recent study extended recommendations for 
ACS treatment for up to 36 + 6 gestational weeks [6], and a 
large randomized control study [7] demonstrated reduction 
in frequencies of admission to special care baby units with 
respiratory distress after elective caesarean delivery at term.

Although the benefits of ACS treatment are widely 
accepted, paucity of information exists regarding adverse 
outcome of this intervention, specifically when delivery 
occurs at term. Animal models and human studies of multi-
ple ACS courses suggest that this treatment may adversely 
affect neurodevelopmental outcome [8], and are associ-
ated with a reduction in birthweight and an increased risk 
of small for gestational age neonate (especially after four 
courses of ACS) [8, 9]. Conversely, other studies have shown 
no evidence of long-term harm, specifically mortality and 
adverse neurodevelopmental outcome after administering a 
single course of corticosteroids before 34 + 0 weeks [3, 10].

Some women suspected of being at high risk for preterm 
delivery, and, therefore, treated with ACS, ultimately deliver 
at term. This population, from a retrospective point of 
view, received unnecessary treatment and might have been 
exposed to adverse outcome yet to be established. The pur-
pose of this study was to investigate the association between 
ACS administration prior to 34 + 0 gestational weeks, for 
suspected imminent preterm delivery, and perinatal outcome 
when delivery eventually occurred at term.

Materials and methods

Study population

This is a retrospective cohort study of all women carrying 
a singleton, term (37–42 weeks of gestation), living fetus, 
who delivered at a single university-affiliated tertiary medi-
cal center, between 01 July 2012 and 31 December 2015. 
The cohort was divided according to prior treatment with 
ACS before 33 + 6 weeks of gestation. Women who were 
treated were allocated to the study group and compared to 
controls who received no such treatment. Neonatal outcome 
was investigated in both groups.

The study was approved by our local institutional review 
board (0232-16-RMC). Informed consent was waived due 
to the retrospective design of the study.

According to our local protocols, ACS therapy is rec-
ommended in cases of anticipated preterm birth (24 + 0 to 
33 + 6 weeks of gestation) to improve neonatal outcomes [1]. 
Among women who delivered at term, we identified those 
treated with ACS due to an increased risk for preterm birth 
between 24 + 0 and 33 + 6 gestational weeks. Indication for 
treatment was threatened preterm labor, defined as cervi-
cal dynamics diagnosed by either trans-vaginal ultrasound 

cervical length shorter than 25 mm, or digital vaginal exami-
nation demonstrating a cervical dilation of more than 1.5 cm 
and 60% effacement. Premature contractions were not an 
obligatory finding for treatment. The treatment of choice was 
two 12-mg doses of betamethasone given intramuscularly 
24 h apart, during hospitalization.

Exclusion criteria included: pre-term premature rupture 
of membranes, suspected fetal growth restriction, major 
fetal anomalies and fetal chromosomal abnormalities. Since 
maternal diabetes mellitus may influence both birthweight 
and neonatal adverse outcome, we excluded these cases. 
This population was investigated it in a different study [11]. 
According to our department protocol suspected fetal growth 
restriction is defined when ultrasound biometry measure-
ments demonstrate either estimated fetal weight or abdomi-
nal circumference below 10th percentile for gestational age 
[12].

Data collection

Data were retrieved from our delivery ward’s comprehensive 
computerized perinatal database. We traced patients treated 
with corticosteroids according to computerized medication-
order history search. Data from the neonatal nursery and the 
neonatal intensive care unit (NICU) were integrated into the 
delivery-ward database using the unique admission numbers 
assigned to each woman and her offspring.

The following demographic and obstetrical variables 
were recorded: maternal age, gravidity, parity, body mass 
index (BMI), hypertensive disorders, gestational age at 
delivery, and mode of delivery. Recorded neonatal outcomes 
included: birthweight, neonatal gender, 5-min Apgar score, 
umbilical arterial pH, hypoglycemia, transient tachypnea of 
the newborn (TTN), respiratory distress syndrome (RDS), 
the need for mechanical ventilation, meconium aspira-
tion syndrome (MAS), neonatal sepsis, hypoxic ischemic 
encephalopathy (HIE), intraventricular hemorrhage (IVH), 
necrotizing enterocolitis (NEC) and admission to the NICU.

Missing data were completed by manual chart review 
performed by the study personnel.

Definitions

Birthweight percentile was calculated using gender-specific 
local population-based birthweight curves [13]. Large-for-
gestational-age babies were defined as newborns with birth-
weight above the 90th percentile for gestational age. Small-
for-gestational-age babies were defined as newborns with 
birthweight below 10th percentile for gestational age.

Primary outcome was defined as birthweight. Secondary 
outcomes were defined as neonatal respiratory composite 
outcome, including any one of the following: TTN, RDS, 
mechanical ventilation and meconium aspiration syndrome; 
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and neonatal adverse composite outcome including any one 
of: Apgar at 5 min < 7, Umbilical arterial pH < 7.1, NICU 
admission, TTN, RDS, mechanical ventilation, MAS, hypo-
glycemia, sepsis, HIE, IVH, and NEC.

Statistical analysis

Data analysis was performed with the SPSS v21.0 package 
(Chicago, IL, USA). Continuous variables were compared 
using Mann–Whitney U test. The Chi-square and Fisher’s 
exact tests were used for categorical variables, as appropri-
ate. Differences were considered significant when p value 
was less than 0.05. Following the bivariate analysis, logis-
tic regression analysis was utilized to adjust outcomes for 
potential confounders. Variables with clinical impact or vari-
ables which were found to be different between the groups 
(p < 0.05) in the bivariate analysis entered the regression 
model: birthweight, gestational age at delivery, gravidity, 
parity, hypertensive disorders, BMI and antenatal corticos-
teroid treatment.

Results

During the study period, there were 28,998 term deliveries 
at our institution, and 25,872 women met inclusion criteria 
and comprised our cohort. Of them, 722 (3%) were treated 
with ACS due to threatened preterm labor prior to 34 + 0 
gestational weeks, and delivered at term (Fig. 1).

Baseline characteristics of women in both study groups 
are presented in Table 1. Groups did not differ regarding 
maternal age, pre-pregnancy BMI and rates of hypertensive 
disorders. More women in the treatment group were nullipa-
rous (42% vs. 38%, p = 0.008). In bivariate analysis, mode of 
delivery did not differ between groups, and overall cesarean 
delivery rates were comparable (16% in the treatment group 
vs. 15% in the non-treatment group p = 0.48). However, 
using a multivariate analysis regression model adjusting for 

parity and gestational age at delivery, ACS treatment was 
found to be associated with a higher rate of cesarean delivery 
(aOR = 1.65, 95% CI 1.1–2.0, p = 0.001).

Birth and neonatal outcomes are presented in Table 2. 
The median neonatal birthweight in the treatment group was 
approximately 200 g less than in the control group (3077 g 
vs. 3264 g, p = 0.001). Gestational age at delivery differed 
statistically between groups, although was clinically insig-
nificant, considering a median of 38 + 6 gestational weeks in 
the treatment group and 39 + 4 gestational weeks in controls 
(p < 0.001). Analysis of birthweight percentile as described 
in “Materials and methods”, revealed a median birthweight 
percentile of 46 in the treatment group compared to 56 in 
controls (p = 0.020). Lower rates of large for gestational age 
neonates (LGA) were diagnosed in the treatment group (5 
vs. 10% in controls, p = 0.017). Furthermore, higher rates 
of small for gestational age neonates (SGA) were diagnosed 
in the treatment group (11% vs. 6% in controls, p = 0.001) 

Fig. 1   Selection of the study 
cohort

Table 1   Baseline characteristics of the study groups

Values are presented as median (range) for continuous variables, and 
as n (%) for categorical variables
a Hypertensive disorders—any of the following: chronic hypertension 
(HTN), gestational HTN, preeclampsia or eclampsia

Antenatal 
corticosteroid 
treatment
N = 722

Not treated
N = 25,150

p value

Maternal age (years) 30 (19–41) 31 (19–51) 0.143
Maternal age over 35 

(years)
144 (20) 6539 (26) 0.07

Gravidity 2 (1–16) 2 (1–10) 0.001
Parity 0 (0–7) 1 (0–13) 0.002
Nulliparity 303 (42) 9557 (38) 0.008
Body mass index (kg/m2) 21.5 (16–41) 22.5 (12–63) 0.07
Hypertensive disordersa 29 (4) 754 (3) 0.14
Cesarean delivery 115 (16) 3629 (15) 0.48
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(Table 2). Following adjustment for potential confounders 
as defined in the methods section, ACS treatment remained 
associated with lower birthweight (B = − 93 g, 95% CI − 123 
to 66, p = 0.001).

Bivariate analysis of individual and composite neonatal 
outcomes is presented in Table 2. Respiratory complications, 
composite respiratory outcome, neonatal composite outcome 
and individual outcomes did not differ between groups. Mul-
tivariate analysis following adjustment for potential con-
founders demonstrated that ACS treatment was not associ-
ated with adverse composite neonatal outcome (aOR = 1.01, 
95% CI 0.75–1.37, p = 0.927) or with composite respiratory 
outcome (aOR = 1.63, 95% CI 0.81–3.3, p = 0.169).

Discussion

The aim of our study was to investigate birth outcomes in 
a specific population of women treated with ACS for sus-
pected imminent preterm birth, who eventually delivered 
at term. Our key findings were: (1) three percent of women 
who delivered at term were suspected during pregnancy to 
be at risk for immediate preterm birth, and were accordingly 
treated with corticosteroids; (2) among women treated with 
corticosteroids and delivering at term, there was a higher 
rate of nulliparity; (3) there is a higher risk for cesarean 
delivery in the group treated with ACS; (4) neonatal birth-
weight was lower in pregnancies treated with ACS, with 
significantly higher rates of SGA.

The benefits of corticosteroid treatment for women at 
risk for imminent preterm delivery are well established, [4, 

14–23] making the treatment ‘standard of care’ whenever 
preterm birth is anticipated. Pursuing antenatal corticoster-
oid treatment whenever imminent preterm birth is suspected 
is associated with a significant quantity of unnecessary 
treatment—for ongoing term pregnancies. Braun et al. [24] 
examined the effects of ACS on fetal growth and neonatal 
outcomes. In their study, one-third of women treated with 
ACS for indications including: preterm labor, cervical insuf-
ficiency, preterm premature rupture of membranes or vaginal 
bleeding, eventually delivered at term. In our cohort, we 
found that up to 3% of all pregnancies delivering at term 
received ACS due to preterm cervical dynamics. This find-
ing amplifies the importance of understanding adverse out-
comes related to ACS treatment. Medical centers should 
strive to limit the use of ACS to cases of true imminent pre-
term labor. Approximately, 30% of preterm labor spontane-
ously resolves and 50% of patients hospitalized for preterm 
labor actually give birth at term [25]. Consideration should 
be given to withhold treatment in cases of preterm contrac-
tions without progressive cervical change or cervical change 
with no significant contractions or a history of preterm birth. 
An alternative of close conservative management in such 
cases might prevent generating an unnecessary pathology.

In an attempt to characterize women who received unnec-
essary ACS treatment, we found them to have higher rates 
of nulliparity. This may be explained by the lack of history-
based information regarding previous pregnancy outcomes 
and gestational ages at birth, which could alter decision-
making regarding steroid use at initial presentation. Specifi-
cally, one may refrain from treatment in face of a history of 
previous term deliveries, and administer it in the face of a 

Table 2   Neonatal outcomes

Values are presented as median (range) for continuous variables, and as n (%) for categorical variables
a Birthweight percentile by local reference values as defined in “Materials and methods”
b Respiratory composite outcome—one of the following: TTN, RDS, mechanical ventilation, meconium aspiration syndrome
c Neonatal adverse composite outcome—one of the following: Apgar at 5  min < 7, umbilical arterial pH < 7.1, NICU admission, TTN, RDS, 
mechanical ventilation, MAS, hypoglycemia, sepsis, HIE, IVH, and NEC

Antenatal corticosteroid treatment
N = 722

Not treated
N = 25,150

p value

Gestational age at delivery (weeks + days) 38 + 6 (37 + 0 to 41 + 5) 39 + 4 (37 + 0 to 41 + 6) < 0.001
Birthweight (g) 3077 (1979–4952) 3264 (1875–5421) 0.001
Birthweight percentilea 46 (1–99) 56 (1–99) 0.02
Male neonate 367 (51) 12,323 (49) 0.62
Large for gestational age 36 (5) 2574 (10) 0.017
Small for gestational age 78 (11) 1509 (6) 0.001
TTN 0 (0) 166 (1) 0.028
RDS 2 (0) 26 (0) 0.38
Hypoglycemia 4 (1) 73 (0) 0.351
Respiratory composite outcomeb 8 (1) 444 (2) 0.09
Neonatal adverse composite outcomec 47 (6) 1565 (6) 0.82
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lack of prior pregnancy history, even if estimated risk of 
preterm delivery is low.

We also demonstrated that ACS treatment was associ-
ated with higher cesarean delivery rates at term. A possible 
explanation for this finding is the higher rate of SGA babies 
delivered in the treatment group. These fetuses presum-
ably have smaller intrinsic reserves and are less equipped 
to handle the stress of labor, possibly predisposing them 
to non-reassuring fetal heart rate, [26] eventually leading 
to increased risk for cesarean delivery. Of note, this is only 
a theoretical hypothesis, as we did not have exact informa-
tion regarding the indications for cesarean deliveries in each 
subgroup. Another possible explanation for this finding is a 
premature bias of physicians when faced with women treated 
with ACS, assuming them to have a more “complicated” 
pregnancy, thus leaning them to opt for a cesarean delivery 
more easily than they might have for an apparent otherwise 
“uneventful” pregnancy.

Previous studies on multiple courses of ACS suggest that 
they may have the potential to adversely affect neurodevel-
opmental outcome [8], and may cause reduction in birth-
weight [23] and an increase SGA rate [9]. The Antenatal 
Late Preterm Steroids study [6] that leads the precedence 
of extending ACS treatment to 36 + 6 gestational weeks has 
not obtained long-term outcome data. In addition, long-term 
follow-up of children to mothers treated with ACS prior to 
elective term cesarean delivery demonstrated a difference 
in subjective teacher evaluation of a child’s quartile of 
ability, with more children assessed at less than 25% for 
performance in the treatment group [27]. This did not lead 
international guidelines to recommend against corticoster-
oid use; however, continued surveillance was supported by 
such [1], implying lack of confidence in advocating ACS 
treatment close to term. Battin et al. [28] investigated the 
effect of repeated ACS on postnatal outcome, and similarly 
found a decrease in z-scores for weight and length in the 
first 2 weeks after birth. We chose neonatal birthweight as 
the primary outcome both because the aforementioned stud-
ies suggested an association between corticosteroid treat-
ment and lower birthweight, and since this parameter is well 
documented and fits the retrospective design. In our study, 
birthweight was found to be lower in pregnancies exposed 
to ACS treatment, with significantly higher rates of SGA in 
these women. By excluding pregnancies complicated with 
fetal growth restriction, we eliminated possible bias, since 
this might be an indication for corticosteroid treatment. 
An alternative explanation for this finding could be found 
in a study by Espinoza et al. [29] who demonstrated that 
patients with an episode of increased uterine contractility 
that subsided and who delivered at term are at risk for deliv-
ering an SGA neonate. They proposed that such an episode 
of uterine contractions may represent an insult not severe 
enough to trigger preterm labor, but which may put the fetus 

at increased risk for additional pregnancy complications, 
including growth restriction. Preterm uterine contractions 
were not, admittedly, an obligatory finding for inclusion in 
our study population, but one cannot rule out the possibility 
that many of those women with cervical dynamics had some 
degree of preterm uterine activity, even if undocumented by 
cardiotocography. Be that as it may, the precise etiology of 
SGA demonstrated both in the aforementioned study [29] 
and in our results is not fully understood. Further studies are 
necessary to investigate whether treatment with corticoster-
oids do impact fetal growth.

Other composite outcomes chosen in our study are asso-
ciated with known benefits of corticosteroid treatment for 
preterm infants, including respiratory benefits that were not 
found to be statistically significant in term infants. This is 
most probably due to the small percentage of respiratory 
abnormalities in grossly intact fetuses at term. The other 
outcomes encompassing the neonatal adverse composite out-
come, including IVH, NEC, sepsis and NICU admission rep-
resent severe neonatal outcomes that need to be addressed 
with regard to safety of corticosteroid treatment. As shown, 
they were not found to be different between the study and 
control groups.

The limitations of our study are mainly due to its retro-
spective nature, lack of control for the exact time-period 
elapsed between corticosteroid treatment and delivery and 
the frequency of a second rescue dose. Neonatal compli-
cations at term are generally rare, and hence comparison 
requires a larger cohort, representing another disadvantage 
of the chosen study design. Additionally, maternal complica-
tions and long-term neonatal outcomes were lacking from 
our database, thus inhibiting a full appreciation of the pos-
sible repercussions of antenatal steroid treatment for women 
delivering at term. However, the strength of our study lies in 
its relatively large sample size at a single tertiary center with 
a strict management protocol for ACS treatment.

Conclusion

Our findings imply that antenatal corticosteroid treatment 
for suspected imminent preterm delivery might be associ-
ated with higher rates of SGA when pregnancy occurs at 
term. However, we found no evidence of associated short 
term neonatal morbidity. Thus, ACS treatment should not 
be withheld whenever preterm delivery is suspected taking 
into consideration its proven maturation benefits in preterm 
infants. Further studies are needed to fully delineate possible 
adverse ramifications of corticosteroid use in term-delivered 
infants to assess its risk and benefit profile.

Author contributions   EK and EH contributed to all process of sub-
mission from the preliminary hypothesis, data collection, data analysis 



408	 Archives of Gynecology and Obstetrics (2019) 299:403–409

1 3

and manuscript writing. AB and LS contributed to data collection and 
analysis. AH, RC and AW took part in the project development and 
manuscript writing and drafts editing.

Funding sources   None

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. 
For this type of study, formal consent is not required. This article does 
not contain any studies with animals performed by any of the authors. 
The Rabin Medical Center institutional review board approved the 
study (0232-16-RMC), with waiver of informed consent due to the 
retrospective, observational design of the study.

References

	 1.	 Committee on Obstetric Practice (2017) Committee Opinion 
No. 713: antenatal corticosteroid therapy for fetal maturation. 
Obstet Gynecol 130:102–109

	 2.	 American College of Obstetricians and Gynecologists’ Com-
mittee on Practice Bulletins—Obstetrics (2016) Practice Bul-
letin No. 171: management of preterm labor. Obstet Gynecol 
128:155–164

	 3.	 Roberts D, Dalziel SR (2017) Antenatal corticosteroids for 
accelerating fetal lung maturation for women at risk of preterm 
birth. Cochrane Database Syst Rev 3:CD004454

	 4.	 American College of Obstetricians and Gynecologists (2016) 
Obstetric care consensus no. 4: periviable birth. Obstet Gynecol 
127:e157–e169

	 5.	 NIH Consens Statement (2000) Antenatal corticosteroids revis-
ited: repeat courses. NIH Consens Statement 17:1–18

	 6.	 Gyamfi-Bannerman C, Thom EA, Blackwell SC, Tita AT, Reddy 
UM, Saade ER et al (2016) Antenatal betamethasone for women 
at risk for late preterm delivery. N Engl J Med 374:1311–1320

	 7.	 Stutchfield P, Whitaker R, Russell I, Antenatal Steroids for Term 
Elective Caesarean Section (ASTECS) Research Team. (2005) 
Antenatal betamethasone and incidence of neonatal respiratory 
distress after elective caesarean section: pragmatic randomised 
trial. BMJ 331:662

	 8.	 Wapner RJ, Sorokin Y, Mele L, Johnson F, Dudley DJ, Spong 
CY, National Institute of Child Health and Human Development 
Maternal-Fetal Medicine Units Network et al (2007) Long-term 
outcomes after repeat doses of antenatal corticosteroids. N Engl 
J Med 357:1190–1198

	 9.	 Wapner RJ, Sorokin Y, Thom EA, Johnson F, Dudley DJ, Spong 
CY, National Institute of Child Health and Human Development 
Maternal Fetal Medicine Units Network et al (2006) Single ver-
sus weekly courses of antenatal corticosteroids: evaluation of 
safety and efficacy. Am J Obstet Gynecol 195:633–642

	10.	 Sotiriadis A, Tsiami A, Papatheodorou S, Baschat AA, Sarafidis 
K, Makrydimas G (2015) Neurodevelopmental Outcome after 
a single course of antenatal steroids in children born pre-
term: a systematic review and meta-analysis. Obstet Gynecol 
125:1385–1396

	11.	 Krispin E, Hochberg A, Chen R, Wiznitzer A, Hadar E, 
Borovich A (2018) Neonatal outcome in gestational-diabetic 
mothers treated with antenatal corticosteroids delivering at 
the late preterm and term. Arch Gynecol Obstet 298:689–695 
(Epub ahead of print)

	12.	 Hadlock FP, Harrist RB, Sharman RS et al (1985) Estimation 
of fetal weight with the use of head, body, and femur measure-
ments—a prospective study. Am J Obstet Gynecol 151:333

	13.	 Dollberg S, Haklai Z, Mimouni FB, Gorfein I, Gordon ES 
(2005) Birthweight standards in the live-born population in 
Israel. Isr Med Assoc J 7:311–314

	14.	 Carlo WA, McDonald SA, Fanaroff AA, Vohr BR, Stoll BJ, 
Ehrenkranz RA, Eunice Kennedy Shriver National Institute 
of Child Health and Human Development Neonatal Research 
Network et al (2011) Association of antenatal corticosteroids 
with mortality and neurodevelopmental outcomes among infants 
born at 22 to 25 weeks’ gestation. JAMA 306:2348–2358

	15.	 Mori R, Kusuda S, Fujimura M, Neonatal Research Network 
Japan (2011) Antenatal corticosteroids promote survival of 
extremely preterm infants born at 22 to 23 weeks of gestation. 
J Pediatr. 159:110–114.e1

	16.	 Chawla S, Natarajan G, Rane S, Thomas R, Cortez J, Lua J 
(2010) Outcomes of extremely low birth weight infants with 
varying doses and intervals of antenatal steroid exposure. J Peri-
nat Med 38:419–423

	17.	 Chawla S, Bapat R, Pappas A, Bara R, Zidan M, Natarajan G 
(2013) Neurodevelopmental outcome of extremely premature 
infants exposed to incomplete, no or complete antenatal ster-
oids. J Matern Fetal Neonatal Med 26:1542–1547

	18.	 American College of Obstetricians and Gynecologists (2016) 
Practice Bulletin No. 172: premature rupture of membranes. 
Obstet Gynecol 128:e165–e177

	19.	 Lee SE, Park JS, Norwitz ER, Kim KW, Park HS, Jun JK (2007) 
Measurement of placental alpha-microgloculin-1 in cervico-
vaginal discharge to diagnose rupture of membranes. Obstet 
Gynecol 109:634–640

	20.	 Cousins LM, Smok DP, Lovett SM, Poeltler DM (2005) AmniS-
ure placental alpha microglobulin-1 rapid immunoassay versus 
standard diagnostic methods for detection of rupture of mem-
branes. Am J Perinatol 22:317–320

	21.	 Lee SM, Lee J, Seong HS, Lee SE, Park JS, Romero R et al 
(2009) The clinical significance of a positive Amnisure test in 
women with term labor with intact membranes. J Matern Fetal 
Neonatal Med 22:305–310

	22.	 Lee SM, Romero R, Park JW, Kim SM, Park CW, Korzeniewski 
SJ et al (2012) The clinical significance of a positive amnis-
ure test in women with preterm labor and intact membranes. J 
Matern Fetal Neonatal Med 25:1690–1698

	23.	 Crowther CA, Haslam RR, Hiller JE, Doyle LW, Robinson 
JS (2006) Neonatal respiratory distress syndrome after repeat 
exposure to antenatal corticosteroids: a randomised controlled 
trial. Lancet 367:1913–1919

	24.	 Braun T, Sloboda DM, Tutschek B, Harder T, Challis JR, 
Dudenhausen JW et al (2015) Fetal and neonatal outcomes after 
term and preterm delivery following betamethasone administra-
tion. Int J Gynaecol Obstet 130(1):64–69

	25.	 Ferguson JE 2nd, Dyson DC, Schutz T, Stevenson DK (1990) A 
comparison of tocolysis with nifedipine or ritodrine: analysis of 
efficacy and maternal, fetal, and neonatal outcome. Am J Obstet 
Gynecol 163:105–111

	26.	 Epplin KA, Tuuli MG, Odibo AO, Roehl KA, Macones GA, 
Cahill AG (2015) Effect of growth restriction on fetal heart rate 
patterns in the second stage of labor. Am J Perinatol 32:873–878

	27.	 Stutchfield PR, Whitaker R, Gliddon AE, Hobson L, Kotecha 
S, Doull IJ (2013) Behavioural, educational and respiratory 



409Archives of Gynecology and Obstetrics (2019) 299:403–409	

1 3

outcomes of antenatal betamethasone for term caesarean section 
(ASTECS trial). Arch Dis Child Fetal Neonatal Ed 98:195–200

	28.	 Battin M, Bevan C, Harding J (2012) Growth in the neonatal 
period after repeat courses of antenatal corticosteroids: data 
from the ACTORDS randomised trial. Arch Dis Child Fetal 
Neonatal Ed 97:99–105

	29.	 Espinoza J, Kusanovic JP, Kim CJ, Kim YM, Kim JS, Hassan SS 
et al (2007) An episode of preterm labor is a risk factor for the 
birth of a small-for-gestational-age neonate. Am J Obstet Gynecol 
196:574


	Neonatal outcomes in term pregnancies treated with antenatal corticosteroids for suspected pre-term labor
	Abstract
	Objective 
	Study design 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Data collection
	Definitions
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




