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Abstract

Objective
We assessed the association between a short Antenatal Corticosteroid Administration-to-Birth Interval
and neonatal outcome.

Study design:
A retrospective study between 2010- 2020. Eligible cases were singleton preterm live-born neonates born
between 24 0/7 and 33 6/7 weeks of gestation and were initiated an ACS course of Betamethasone. We
divided the �rst 48 hours following 1st ACS administration to four-time intervals and compared each time
interval to those born more than 48 hours following ACS administration. The primary outcome was a
composite of adverse neonatal outcome, including neonatal mortality or any major neonatal morbidity.

Results
A total of 200 women gave birth less than 48 hours from receiving the �rst betamethasone injection, and
172 women gave birth within 2-7 days (48-168 hours) from ACS administration. Composite adverse
neonatal outcome was higher for neonates born less than 12 hours from initial ACS administration
compared to neonates born 2-7 days from �rst betamethasone injection (55.45% vs. 29.07%, OR 3.45
95% CI [2.02-5.89], p.value<0.0001). However, there was no difference in composite adverse neonatal
outcomes between neonates born 12-48 hours following ACS administration and those born after 2-7
days. That was also true after adjusting for confounders.

Conclusions
12-24 hours following ACS Administration may be su�cient in reducing the same risk of neonatal
morbidities as > 48 hours following ACS administration. It may raise the question regarding the utility of
the second dose of ACS.

Introduction:
Preterm delivery, de�ned as a delivery occurring between 24-37 weeks` gestation is a leading cause for
neonatal morbidity and mortality1–3. There have been several measures to try and reduce this morbidity.
Administration of antenatal corticosteroids (ACS) to mothers with threatened preterm birth between 24
0/7 and 34 0/7 weeks of gestation, results in a signi�cant decrease in the risk and severity of neonatal
respiratory distress syndrome (RDS), intracranial hemorrhage (IVH), necrotizing enterocolitis (NEC) and
death4–13.
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The recommended course of ACS consists of either two 12-mg doses of betamethasone given
intramuscularly 24 hours apart or four 6-mg doses of dexamethasone every 12 hours administered
intramuscularly4,14,15. The American College of Obstetricians and Gynecologists (ACOG) states that the
bene�t of corticosteroid administration is greatest at 2-7 days after the initial dose15. While there seems
to be agreement that neonatal bene�ts are maximized when ACS are administered 48 hours to 7 days
before delivery, less is known about shorter administration-to-birth intervals. Some studies, especially the
EPICE trial from 2017,have challenged the ACOG recommendations and showed a reduction in neonatal
adverse outcome even after 24 hours from initial dose7,16−20. However, they were not preliminary
designed to assess adverse outcome in less than 48 hours but rather later than 7 days, or RDS, which is
the most common adverse outcome, was not evaluated.

In this study we aimed to evaluate the effectiveness of ACS on neonatal adverse outcome in the �rst 48
hours after ACS administration.

Methods:
This was a retrospective cohort study including all singleton neonates born between 24 0/7 and 33 6/7
weeks of gestation at a university-a�liated medical center during January 2010 to July 2020. The study
was approved by the local Research Ethics Board (RMB-0134-20), waiving informed consent for de-
identi�ed patient information acquisition. Information collected from the hospital’s database.

We included only neonates, whom their mothers received an ACS course, partial or complete, and
delivered at our center. Exclusion criteria included intra-uterine fetal death, unknown timing of
administration of ACS, and administration of more than one course of ACS.

ACS course consisted of betamethasone (intramuscularly, two doses of 12 mg 24 hours apart). ACS
Administration-to-Birth Interval was de�ned as the time between �rst betamethasone injection to delivery.

Neonatal outcomes were compared between two groups of neonates according to the ACS
Administration-to-Birth Interval: 1) Partial course of ACS, de�ned as less than 48 hours interval between
�rst injection of betamethasone to birth 2) Complete ACS course, de�ned as 2-7 days interval (48-168
hours) from �rst injection of betamethasone to birth. Additionally, we did a sub analysis of women who
delivered less than 48 hours from the �rst ACS injection. We divided the �rst 48 hours into four groups of
12-hour interval comparing each group to the 2-7 days (48-168 hours) interval as the gold standard of
optimal neonatal outcome.

The primary outcome was de�ned as a composite adverse neonatal outcome including one or more of
the following: respiratory distress syndrome (RDS), Periventricular leukomalacia (PVL), Necrotizing
enterocolitis (NEC), Bronchopulmonary Dysplasia (BPD), intraventricular hemorrhage (IVH) grade 3 or 4,
or neonatal mortality. The individual components of the primary outcome were analyzed separately as
secondary outcomes. Other variables collected included maternal age and parity, gestational week, mode
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of delivery, birth weight, 5-minute Apgar score, overall neonatal hospitalization days and neonatal
intensive care unit (NICU) hospitalization days.

Categorical variables were compared between the study groups using Chi-square test or Fisher's exact
test. For continuous variables, the comparisons were made using Student t-test or Wilcoxon two-sample
test. Univariate and multivariable logistic regression models were implemented for the probability of RDS
and composite adverse neonatal outcome (separately), presenting the adjusted odds ratio (aOR) with
their 95% con�dence intervals (95%CI). Multivariable models were adjusted for gestational age,
hypertension, severe preeclampsia and cesarean delivery.

P value was two-sided and was deemed signi�cant if less than 0.05. All statistical analyses and data
management were performed using the SAS 9.4 software (SAS Institute Inc., Cary, NC, USA).

Results:
The study population included a total of 372 neonates delivered between January 2010 to July 2020. Of
these, 200 women delivered less than 48 hours from �rst injection of betamethasone, and 172 women
delivered within 2-7 days (48-168 hours) from �rst injection of betamethasone (Figure 1).

Maternal characteristics of the study groups are presented in Table 1. Women who received a complete
course of ACS were more likely to have hypertension and preeclampsia with severe features, compared to
those who received partial course of ACS (14% vs. 4%, p< 0.0006; 24% vs. 7.5%, p <0.0001; respectively).
There was no difference in gestational age at delivery, parity, or mode of delivery between the groups
(Table 1).
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Table 1
Maternal characteristics

  ACS

Injection<2 days

prior to delivery

(N=200)

ACS

Injection 2-7 days

prior to delivery

(N=172)

P-value

Maternal age, y 30.8±6.2 31.3±6.4 0.4268

Parity 2.3±1.8 2.1±1.6 0.6105

Primiparous 89 (44.5) 87 (50.58 0.2415

Gestational week at delivery 31.2±2.5 30.6±2.8 0.0777

Gestational/Pregestational Diabetes mellitus 20 (10) 12(7) 0.2998

Hypertension 8 (4) 24 (14) 0.0006

Preeclampsia without severe features 6 (3) 11 (6.4) 0.1179

Preeclampsia with severe features 15 (7.5) 42 (24.4) <0.0001

Mode of delivery:

Vaginal delivery

Vacuum delivery

Cesarean delivery

91 (45.5)

6 (3)

103 (51.5)

75 (54.6)

3 (1.7)

94 (54.6)

0.6705

Data are n (%) or mean standard deviation unless otherwise speci�ed.

Percentages calculated within each group.

ACS= antenatal corticosteroids

Neonatal outcomes are presented in Table 2. Women who received a complete ACS course were more
likely to deliver after 28 weeks of gestation compared to those receiving a partial ACS treatment (19.7%
vs. 11%, p<0.0001). Neonates within this group had signi�cantly lower incidence of composite adverse
outcome and RDS (45% vs. 29%, p=0.0016; 38% vs. 20%, p=0.0003; respectively). There was no difference
in 5-min Apgar scores, NICU admissions, and hospitalization stay between the groups, or in any of the
other neonatal adverse outcome.
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Table 2
Neonatal Outcomes

  ACS

Injection<2 days

prior to delivery

(N=200)

ACS

Injection 2-7 days

prior to delivery

(N=172)

P-value

Gestational age at delivery 30.8 ± 6.2 30.6 ± 2.8 0.0777

Gestational age 28 weeks or less 22 (11) 34 (19.77) <.0001

Birth weight (g) 1700 ± 500 1500 ± 500 <.0001

5-min Apgar score 9.2 ± 1 9.2 ± 1.1 0.8936

Hospitalization days 41.5 ± 35.2 42.9 ± 28.4 0.4161

NICU days 40.3 ± 35.4 41.8 ± 28.3 0.3541

In-hospital mortality 7 (3.5) 9 (5.23) 0.4115

RDS 76 (38) 36 (20.93) 0.0003

PVL 0 (0) 0 (0) -

NEC 2 (1) 1 (0.58) >0.99

Bronchopulmonary Dysplasia 1 (0.5) 1 (0.58) >0.99

IVH Grade 3 or 4 4 (2) 7 (4.07) 0.2400

Composite adverse neonatal outcome 90 (45) 50 (29.07) 0.0016

Data are n (%) or mean standard deviation unless otherwise speci�ed.

Percentages calculated within each group.

ACS = antenatal corticosteroids, NICU = neonatal intensive care unit, RDS = respiratory distress
syndrome, PVL = periventricular leukomalacia, NEC = necrotizing enterocolitis, IVH = intraventricular
hemorrhage.

The composite adverse neonatal outcome included at least one of the following: RDS, PVL, NEC,
Bronchopulmonary Dysplasia, intraventricular hemorrhage of newborn grade 3 or 4.

When dividing the �rst 48 hours into 12-hour intervals, we found that composite adverse neonatal
outcome was higher for neonates born less than 12 hours from initial ACS administration compared to
neonates born 2-7 days from �rst betamethasone injection (55% vs. 29%, OR 3.45 95% CI [2.02-5.89]),
p<0.0001). However, there was no difference in composite adverse neonatal outcomes between neonates
born 12-48 hours following ACS administration and those born after 2-7 days (Table 3).
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Table 3

Composite Adverse Neonatal Outcome by time interval
ACS Administration-to-Birth
Interval, Hours

Composite outcome
rate

N (%)

Crude OR Adjusted OR P-
value

0-12 56 (55.45%) 3.04 [1.82-
5.07]

3.45 [2.02-
5.89]

<.0001

12-24 18 (41.86%) 1.76 [0.88-
3.5]

1.93 [0.95-
3.94]

0.071

24--36 10 (32.26%) 1.16 [0.51-
2.64]

1.26 [0.55-
2.91]

0.5844

36--48 6 (24%) 0.77 [0.29-
2.04]

0.73 [0.27-
1.95]

0.5249

48-168 (2-7 days)* 50 (29.07%)      

Each time interval was compared to the 48-168-time interval (2-7 days)

ACS=antenatal corticosteroids

The composite adverse neonatal outcome included at least one of the following: RDS, PVL, NEC,
Bronchopulmonary Dysplasia, intraventricular hemorrhage of newborn grade 3 or 4.

Adjustment for gestational age, Hypertension, severe preeclampsia, and cesarean delivery

The most common neonatal morbidity was RDS. RDS rate was signi�cantly higher in the �rst two-time
intervals (0-12 hours and 12-24 hours) when compared to RDS rate in neonates born 2-7 days from ACS
course initiation (48.51% and 34.88% vs. 20.93%, OR 4.16 95% CI [2.36-7.33] and OR 2.33 95% CI [1.09-
4.98]; respectively). There was no difference in RDS rate in neonates born between 24-48 and > 48 hours
from ACS administration. That was also true when using a regression analysis model and adjusting for
confounders (gestational age, hypertension, severe preeclampsia, and mode of delivery) (Table 4).

Table 4.  RDS rate by time interval
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P-valueAdjusted ORCrude ORComposite
outcome rate

N (%)

ACS Administration-to-Birth
Interval, Hours

<0.00014.16 [2.36-
7.33]

3.56 [2.08-
6.08]

49 (48.51%)0-12

0.02852.33 [1.09-
4.98]

2.02 [0.98-
4.19]

15 (34.88%)12-24

0.76311.16 [0.45-
2.95]

1.10 [0.44-
2.76]

7 (22.58%)24--36

0.71590.82 [0.28-
2.39]

0.94 [0.33-
2.69]

5 (20%)36--48

   40 (20.93%)48-168 (2-7 days)*

Each time interval was compared to the 48-168-time interval (2-7 days)

ACS=antenatal corticosteroids

The composite adverse neonatal outcome included at least one of the following: RDS, PVL, NEC,
Bronchopulmonary Dysplasia, intraventricular hemorrhage of newborn grade 3 or 4.

Adjustment for gestational age, Hypertension, severe preeclampsia, and cesarean delivery

Discussion:

Main �ndings:
In this study we aimed to assess the effectiveness of ACS administration on adverse neonatal outcome
when delivered within 48 hours from the �rst dose. We divided the �rst 48 hours to �nd out whether there
was a shorter time frame su�cient to ensure similar neonatal outcome compared to 2-7 days from initial
dose.

Our �ndings were as follows: 1) RDS rate was similar in neonate receiving ACS less than 24 hours prior to
delivery to those born 2-7 days following ACS administration; 2) Neonates born only 12 hours from �rst
ACS dose had similar composite adverse neonatal outcome as neonates born 2-7 days following ACS
administration, even after adjusting for confounders.

Comparison with existing literature:
Our results match previous studies by showing a decrease in adverse neonatal outcome of ACS even 24
hours following the �rst dose7,16,20 .

Crowley et al7 showed, in their meta-analysis published in 1995, that the best bene�t of ACS in neonatal
outcome is when it is administered 1-7 days before delivery. In 2015, melamed et al16 compared, in a
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Conclusions And Implications
Our �ndings suggest that there may be adequate bene�t to ACS in reducing adverse neonatal outcome
even when given only 12 hours prior to delivery. If that can be repeated in lager studies, it may raise a
question regarding the need for the second ACS injection. Furthermore, it may make a difference in
managing different and complicated cases when some opt to delay delivery to a full ACS effect.
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Figure 1

study population by ACS administration-to-birth intervals in hours.
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Figure 2

Adjusted odds ratio of composite neonatal outcome and RDS by time interval as compared to the 48-168-
time interval


