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Abstract

Introduction: In early-onset fetal growth restriction the fetus fails to thrive in utero
due to unmet fetal metabolic demands. This condition is linked to perinatal mortality
and severe neonatal morbidity. Maternal administration of corticosteroids in high-risk
pregnancies for preterm birth at a gestational age between 24 and 34 weeks has been
shown to reduce perinatal mortality and morbidity. Practice variation exists in the
timing of the administration of corticosteroids based on umbilical artery monitoring
findings in early-onset fetal growth restriction. The aim of this study was to exam-
ine differences in neonatal outcomes when comparing different corticosteroid timing
strategies.

Material and methods: This was a post-hoc analysis of the Dutch STRIDER trial. We
examined neonatal outcomes when comparing institutional strategies of early (umbili-
cal artery pulsatility index >95th centile) and late (umbilical artery shows absent or
reversed end-diastolic flow) administration of corticosteroids. The primary outcomes
were neonatal mortality and a composite of neonatal mortality and neonatal morbid-
ity, defined as bronchopulmonary dysplasia, intraventricular hemorrhage, necrotizing
enterocolitis or retinopathy of prematurity. We also analyzed predictors for adverse
neonatal outcomes, including gestational age at delivery, birthweight, maternal hy-
pertensive disorders, and time interval between corticosteroids and birth.

Results: A total of 120 patients matched our inclusion criteria. In 69 (57.5%) the early
strategy was applied and in 51 (42.5%) patients the late strategy. Median gestational
age at delivery was 28 4/7 (+3, 3/7) weeks. Median birthweight was 708 (+304) g.
Composite primary outcome was found in 57 (47.5%) neonates. No significant differ-

ences were observed in the primary outcome between the two strategies (neonatal

Abbreviations: A/REDF, absent/reversed end diastolic flow; BPD, bronchopulmonary dysplasia; CCS, corticosteroids; Cl, confidence interval; eoFGR, early onset fetal growth
restriction; FGR, fetal growth restriction; IQR, interquartile range; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; OR, odds ratio; Pl, pulsatility index; PVL,
periventricular or cystic leukomalacia; RDS, respiratory distress syndrome; REDF, reversed end diastolic flow; ROP, retinopathy of prematurity; SD, standard deviation;
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0.86-0.96).

KEYWORDS

1 | INTRODUCTION

Early-onset fetal growth restriction (eoFGR) is associated with se-
vere perinatal morbidity and mortality, and largely coincides with
the maternal syndrome of early-onset preeclampsia.l’2 Early onset
FGR (onset <32weeks of gestation) is defined as an abdominal cir-
cumference <3rd centile, an estimated fetal weight <3rd centile or
absent or reversed end-diastolic flow (A/REDF) in the umbilical ar-
tery (UA), or a combination of contributory parameters defined as
an estimated fetal weight or abdominal circumference <10th centile
combined with a pulsatility index (Pl) of the umbilical or uterine ar-
tery >95th centile.®

Insufficient feto-maternal exchange in the placenta is the
underlying pathophysiologic mechanism of eoFGR. The typical
placental lesion is maternal vascular malperfusion. When the
fetal metabolic and gaseous demands are insufficiently met, the
fetus fails to develop and thrive in utero. An important step in the
prevention of stillbirth is expedited delivery when fetal hypoxia
develops.*

Antenatal administration of corticosteroids in pregnant women
at risk for (spontaneous) premature birth between 24 and 34 weeks
has been shown to reduce neonatal mortality and morbidity, par-
ticularly respiratory distress syndrome (RDS), bronchopulmonary
dysplasia (BPD), intraventricular hemorrhage (IVH), periventricular
or cystic leukomalacia (PVL) and necrotizing enterocolitis (NEC).>”
Post-hoc analyses of studies in spontaneous preterm birth suggest
that administration of corticosteroids within 7 days before birth re-
sults in the largest treatment effect, ie a higher decrease in mortal-
ity and morbidity when compared with administration at an interval
of more than 7 days before birth.””? This suggests that it is import-
ant to adequately time a single course of antenatal corticosteroid
injections.10

Delivery based on imminent fetal hypoxia is unpredictable and
for that reason clinicians use precursor monitoring variables that in-
herently have a lead-time.!* In the Netherlands, practice variation
exists in the triggers for administration of corticosteroids.*? The early

mortality adjusted odds ratio [OR] 1.22, 95% Cl 0.44-3.38; composite primary out-
come adjusted OR 1.05, 95% Cl 0.42-2.64). Only gestational age at delivery was a

significant predictor for improved neonatal outcome (adjusted OR 0.91, 95% CI

Conclusions: No significant differences in neonatal outcomes were observed when
comparing early and late strategy of antenatal corticosteroid administration on neo-
natal outcomes in pregnancies complicated by early-onset fetal growth restriction.
We found no apparent risk contribution of interval between corticosteroid adminis-
tration and delivery in multivariate analysis. Gestational age at delivery was found to

be an important predictor of neonatal outcome.

high risk pregnancy, preeclampsia, prenatal care, prenatal diagnosis, preterm birth

Key message

“Early” vs “late” antenatal corticosteroids gave no differ-
ent neonatal outcomes. Short (<7 days) or long (>7days)
interval of corticosteroids before birth gave no different
outcomes. Gestational age at delivery was a significant

predictor for improved neonatal outcomes.

strategy comprises administration of corticosteroids when the UA
Pl exceeds the 95th centile and the late strategy when an A/REDF
in the UA is observed. Comparative evidence of both approaches
is lacking. Therefore, international guidelines do not provide guid-
ance on which (ultrasound) parameters should prompt corticoste-
roid administration in eoFGR.* In this study, we used Dutch practice
variation to explore the impact of timing of antenatal corticosteroid
administration on neonatal outcomes in a post-hoc analysis of the
Dutch STRIDER cohort: a prospective randomized controlled trial in
women with severe eoFGR.

2 | MATERIAL AND METHODS

This was a post-hoc analysis of the Dutch STRIDER (Sildenafil
TheRapy In Dismal prognosis Early onset fetal growth Restriction)
trial 4
the main publication. In short, the Dutch STRIDER trial was a multi-
center placebo-controlled randomized controlled trial investigating

Methods and results of the trial are extensively described in

the effect of Sildenafil on perinatal mortality and morbidity, com-
pared with placebo. Pregnant women with eoFGR were eligible for
inclusion between 20+0weeks and 29+6 weeks of gestation. Early
onset FGR was defined as fetal abdominal circumference <3rd per-
centile or the estimated fetal weight <5th percentile, combined
with either unilateral or bilateral notching of the uterine artery, PI
of the UA >95th percentile or Pl of the middle cerebral artery <5th
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percentile. Study participants were randomized to receive either
sildenafil 25mg three times daily or placebo three times daily. The
primary outcome of the Dutch STRIDER trial was a composite of
death or major neonatal morbidity assessed at hospital discharge,
defined as IVH grade three or more, PVL grade two or more, moder-
ate, severe BPD or NEC grade two or more, retinopathy of prematu-
rity (ROP) treated by surgery, or laser therapy. The trial was stopped
early because of significantly higher occurrence of persistent pul-
monary hypertension of the neonate in the sildenafil group in the
face of futility.

Timing of maternal corticosteroid treatment was according to
hospital protocol and not prescribed in the STRIDER trial protocol.
For this secondary analysis, we used practice variation in timing of
corticosteroid administration between the participating hospitals to
compare neonatal outcomes between the “early” and “late” strat-
egy. Hospitals were designated as “early” when local protocol was
to administer corticosteroids when the pulsatility index of the UA
exceeded the 95th percentile. If local protocols were prescribed to
initiate antenatal corticosteroid treatment when the UA showed
absent or reversed end-diastolic flow, or signs of fetal compromise,
they were designated as “late” strategy.

Secondly, we explored independent predictors for adverse
neonatal outcomes, including gestational age at delivery, birth-
weight, maternal hypertensive disorders and whether or not the
administration of corticosteroids was within 7 days before birth.
In patients who received a second course of corticosteroids, a so-
called “corticosteroid rescue course”, the time between the last
corticosteroid course and birth was used for analysis. A complete
course of corticosteroids was defined as two intramuscular injec-
tions with 24 hours in between and at least 48 hours after the first

injection.

2.1 | Participants

From the original cohort, we selected women who had a live birth
after 24+0weeks of gestation who received corticosteroids during
their pregnancy for anticipated prematurity.

Neonates with congenital infections or malformations at birth
(unknown at the time of inclusion in the study) were excluded
from our analysis, as this could possibly interfere with the neonatal

outcomes.

2.2 | Outcomes

The primary outcomes for the current analysis were neonatal mor-
tality and a composite of neonatal mortality and survival with major
neonatal morbidity, defined as any of the following morbidities:
moderate or severe BPD, IVH grade three or more, PVL grade two
or more, the presence of NEC Bell's stage two or more and ROP for
which laser therapy was indicated (similar to the original STRIDER
trial analysis). We also examined whether adding RDS to the primary

outcome composite changed results. Next, a composite of RDS and
BPD was examined. Individual neonatal morbidities were analyzed

separately as well as RDS in secondary outcomes.

2.3 | Statistical analyses

Baseline characteristics were reported as mean with standard devia-
tions (SD), median with interquartile ranges (IQR) or numbers with
percentages.

The first analysis was on an “intention-to-treat” basis and com-
pared the primary and secondary outcomes between patients
treated in hospitals using the “early” vs. “late” corticosteroid strat-
egy. Primary outcomes were compared between the “early” and
“late” groups by performing univariate logistic regression analysis,
with results reported as odds ratios (ORs) with corresponding 95%
confidence intervals (Cl). At a second stage, these ORs were cor-
rected for gestational age at birth and birthweight as possible con-
founders using multivariate logistic regression. A sensitivity analysis
was performed repeating the above analysis by excluding women
with a maternal indication for delivery, as this might influence both
adherence to corticosteroid administration protocols and the pri-
mary outcome.

The second sensitivity analysis was on a “per-protocol” basis and
compared the primary outcome between patients who received cor-
ticosteroids at the early stage vs those who received corticosteroids
at the late stage. Again, statistical analyses as stated above were
performed.

Predictors of the primary outcome were analyzed using univari-
ate and multivariate logistic regression and reported as OR with 95%
Cl. The ORs were then corrected for interval between corticosteroid
administration in days on a continuous scale, as well as an interval
of equal or less or an interval of >7 days between last corticosteroid
course administration and birth.

Statistical significance was set at a two-sided p-value of <0.05.
All statistical analyses were conducted using statistical software
IBM SPSS Statistics Data Editor version 26.0.0.1.3

2.4 | Ethics statement

This study is a secondary analysis of a randomized controlled trial
where informed consent was obtained.’* Methods are extensively

described in the main publication.

3 | RESULTS

In the Dutch STRIDER trial, 216 pregnant women were rand-
omized at 11 different sites (Figure S1). One hundred twenty
participants fulfilled the inclusion criteria for the current analysis
(Figure 1). Reasons for exclusion in the current analysis are dis-
played in Figure S1.
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216 patients
original STRIDER

FIGURE 1 Flowchart of study.
A/REDF, absent or reversed end diastolic
flow; CCS, corticosteroids; GA, gestational

Exclusion:

GA at birth <24 and >34 weeks: 50
| Fetal death: 37

7| Congenital anomalies/ infection,
genetic disorders: 8

Lost to follow up: 1

age; PI, pulsatility index; UA, umbilical
artery.

120 eligible
patients

"Intention to treat"

120 patients

"Per protocol"

97 patients

y y y

L

"Intention to treat"”
CCS when
A/REDF (late): 51

"Intention to treat"
CCS when UAPI
>p95 (early): 69

"Per protocol”
CCS when UAPI
>p95 (early): 41

"Per protocol”
CCS when
A/REDF (late): 56

Baseline characteristics are presented in Table 1, showing data of
all 120 patients, and separately for patients treated with corticosteroids
(CCS) based on “intention to treat” basis for an early or a late strategy.

The median gestational age at birth was 28 4/7 (+3.3/7) weeks.
The median birthweight was 708 (+304) grams (Table 1). Induction
of labor was initiated in 24 (12.0%) women on maternal indication
(and not fetal indication), mainly because of worsening maternal clin-
ical condition.

Fifty-seven (47.5%) neonates fulfilled the criteria of the primary
outcomes (Table 2). No neonates were diagnosed with PVL stage two
or more. In 20 patients, a completion of the corticosteroid course
was not achieved. In the patient group with the late strategy, seven
(13.7%) patients did not complete the course vs 13 (18.8%) in the
early group. Of all patients, 12 (10.0%) received a “rescue course” of
corticosteroids (Table 1).

3.1 | Comparison early vs late strategy—
intention-to-treat analysis

Of the 11 hospitals participating in the STRIDER trial, seven hospi-
tals (n=69 patients) followed the early and three hospitals (n=>51
patients) the late strategy on corticosteroid administration. One
hospital only included patients that did not meet the inclusion crite-
ria of this analysis (Table 2).

In the intention-to-treat analysis, no significant differences were
observed in the primary outcomes (neonatal mortality adjusted OR
[aOR] 1.22, 95% Cl 0.44-3.38; neonatal mortality or major neonatal
morbidity aOR, 1.05, 95% Cl 0.42-2.64) between women treated in
hospitals adhering to the early or the late strategy. Secondary out-
comes of the individual morbidities NEC, IVH, BPD and ROP also did
not differ significantly between the two strategies (Table 2). When
adding RDS to the primary outcome composite, aORs lowered but

were still not significant (aOR 0.84, 95% Cl 0.27-2.62). Further-
more, when analyzing RDS combined with BPD as outcome, aORs
were also not significant (aOR 1.76, 95% CI 0.58-5.35). Data are not
presented.

Sensitivity analysis excluding patients with induction of labor or
cesarean section on maternal indication, also showed no significant
differences (Table S2).

3.2 | Comparison early vs late strategy - per
protocol analysis

For the sensitivity analysis we explored the timing of CCS in rela-
tionship with the actual monitoring findings. A total of 97 patients
received CCS when UA PI >95th percentile or when A/REDF of
the UA was observed. Reasons for missing data are explored in
Table S1. In 41 (42.2%) patients, CCS were administered when UA
Pl >95th percentile (but with PEDF) was measured. In 56 (57.8%)
patients, CCS were given when A/REDF of the UA was seen. No
significant differences were observed in the primary outcomes
(neonatal mortality aOR 0.97, 95% ClI 0.33-2.86; neonatal mor-
tality or major neonatal morbidity aOR 0.78, 95% Cl 0.28-2.19)
between women receiving CCS when the UA Pl exceeded the
95th percentile and women receiving CCS when A/REDF was
measured. Secondary outcomes also did not significantly differ

between these patient groups (Table S3).
3.3 | Analysis of predictors
Only gestational age at delivery was a significant predictor (aOR

0.91, 95% Cl 0.86-0.96) for the primary outcome, the lower the
worse (Table 3).
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TABLE 1 Study characteristics of total population and separately per treatment group with intention-to-treat approach, n=120.

n/total n, %

ITT late strategy®

Total group (n=120) ITT early strategy® (n=69) (n=>51)
Age, years, mean (SD) 31.4(4.7) 30.5(4.8) 32.7(4.2)
BMI, mean (SD) 25.8(5.4) 25.7 (5.4) 25.9 (5.6)
Ethnicity (missing=1)
Caucasian (white) 9(83.2) 4 (78.3) 45 (90.0)
African (non-white) 6(5.1) 2(2.9) 4(8.0)
Asian 4(3.4) 4(5.8 0(0.0)
Other 0(8.4) 9(13.0) 1(2.0)
Maternal smoking (missing=2)
Non-smoker 95 (80.5) 3(79.1) 42 (82.4)
Stopped before GA 15+0weeks 6(5.1) 4(6.0) 2(3.9)
Stopped after GA 15+0weeks 4 (2.5) 2(3.0) 1(2.0)
Current smoker 14 (11.9) 8(11.9) 6(11.8)
Multipara 43 (35.8) 4 (34.8) 19 (37.3)

Data at inclusion

GA, mean (SD) 251/7(20/7) 242/7(21/7) 250/7(15/7)

Pulsatility index

Umbilical artery >95th percentile (missing=6) 90 (78.9) 46 (73.0) 44 (86.3)
MCA <5th percentile (missing=3) 60 (51.3) 33(50.0) 27 (52.9)
End-diastolic flow (missing=7)

Positive 6(58.4) 9 (61.9) 27 (54.0)

Absent 6(31.9) 8(28.6) 18 (36.0)

Reversed 11 (9.7) 6(9.5) 5(10.0)
Gestational hypertension 8(23.3) 7 (24.6) 11 (21.6)
Preeclampsia or HELLP syndrome 0(33.3) 24 (34.8) 16 (31.4)
Use of antihypertensive drugs 2 (43.3) 5(36.2) 27 (52.9)
Allocated to sildenafil 4 (53.3) 8(55.1) 26 (51.0)
Male fetus 0 (50.0) 34 (49.3) 26 (51.0)
GA at last CCS administration, weeks [IQR] 27 0/7 (2 5/7] 27 0/7 (2 5/7] 27 5/7 (2 6/7]
Interval CCS and birth <7 days 3(52.5) 34 (49.3) 29 (56.9)
Repeated CCS course (“rescue course”) 2 (10.0) 9 (13.0) 3(5.9)
Mode of delivery, cesarean section 113 (94.2) 65 (92.4) 48 (94.1)
Gestational age at delivery, weeks [IQR] 28 4/7 [33/7] 28 3/7[40/7] 28 5/7[33/7]
Birthweight, g (IQR) 707.5 [304] 710.0 [353] 700.0 [295]
Maternal indication for delivery (missing=4) 24 (12.0) 14 (20.6) 10 (20.8)
Protocol adherence® (missing=23) 50 (51.5) 25 (44.6) 25 (61.0)

Abbreviations: BMI, body mass index; CCS, corticosteroids; FGR, fetal growth restriction; GA, gestational age; HELLP, hemolysis elevated liver
enzymes low platelets; IQR, interquartile range; ITT, intention-to-treat; MCA, middle cerebral artery.

Early strategy: corticosteroids when UA Pl >95 percentile or MCA PI <5 percentile.
PLate strategy: corticosteroids when absent or reversed end diastolic flow of UA.
“Percentage of patients treated according to prespecified protocol for early or late strategy.

Birthweight, maternal hypertensive disorders, interval from 4 | DISCUSSION
corticosteroids until birth on a continuous scale or dichotomized
(interval < or interval >7 days) were not predictive of the primary In this post-hoc analysis of a randomized controlled trial, we found

outcome. no differences in neonatal outcomes of strategies for eoFGR fetuses
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TABLE 2 Study outcomes comparing early vs late strategy on intention-to-treat basis.
Early strategy®n, % Late strategy® n, % Adjusted OR
(n=51) Crude OR (95% Cl) (95% CI)¢

Outcome (n=69)

Primary outcomes

Neonatal mortality (n=23) 13 (18.8)
Composite primary outcome (n=57) 33(47.8)
Secondary outcomes

NEC stage 2 or more (n=14) 7 (10.1)
IVH grade 3 or more (n=4) 2(3.0)

Moderate or severe BPD (n=34) 19 (32.2)
ROP requiring laser therapy (n=9) 7 (30.4)
RDS (n=71) 40 (58.0)

10 (19.6) 1.05(0.42-2.63)
24 (471) 0.97 (0.47-2.00)
7 (13.7) 1.21 (0.41-3.59)
2(4.2) 1.39 (0.19-10.24)
15(34.1) 1.09 (0.48-2.50)
2(28.6) 0.91 (0.14-5.90)
31(60.8) 1.12(0.54-2.35)

1.22(0.44-3.38)
1.05(0.42-2.64)

1.47 (0.18-10.18)
1.35(0.12-11.34)
1.20(0.43-3.37)
1.19 (0.12-11.34)
1.18 (0.42-3.32)

Note: Primary outcome: composite of neonatal mortality, moderate or severe BPD, IVH grade>2, NEC Bell stage >1 and ROP with laser therapy.

Abbreviations: BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; OR, odds ratio; RDS, respiratory

distress syndrome; ROP, retinopathy of prematurity.

?Early strategy: corticosteroids when UA Pl >95 percentile or MCA Pl <5 percentile.

PLate strategy: corticosteroids when absent/reversed end diastolic flow of UA.

“Adjusted for gestational age at delivery and birthweight.

TABLE 3 Predictors of composite primary outcome.

Predictor

Gestational age at delivery, days

Birthweight, g

Maternal hypertensive disease®

Crude OR (95%Cl)
0.90 (0.87-0.94)
P=<0.01

0.99 (0.99-1.00)
P<0.01

1.58 (0.77-3.26)
P=0.21

Interval between CCS and birth (continue)®
P=0.01

Interval between CCS and birth (grouped)®
P=0.01

Abbreviations: CCS, corticosteroids; NA, not applicable; OR, odds ratio.

0.95(0.91-0.98)

0.38(0.18-0.80)

Adjusted OR (95%CI)° Adjusted OR (95%CI)°

0.91(0.86-0.96) 0.92(0.87-0.97)

P=<0.01 P=<0.01

1.00 (0.99-1.00) 1.00 (0.99-1.00)

P=0.07 P=0.08

0.62(0.23-1.75) 0.68(0.24-1.91)

P=0.37 P=0.46

1.04 (0.98-1.10) NA

P=0.22

NA 1.33(0.48-3.69)
P=0.58

#Maternal disease composite of hypertensive disorder, preeclampsia and HELLP.

PInterval between CCS and birth on a continuous scale, adjusted for all other predictors.

‘Interval between CCS and birth assessed using a cut-off of 7 days, adjusted for all other predictors.

in whom corticosteroids were administered once UA Doppler meas-
urements were >95th percentile (early strategy) compared with
administration when A/REDF of the UA was observed (late strat-
egy). In an intention-to-treat approach, the interval between ante-
natal corticosteroid administration and delivery did not contribute
to prediction in multivariable analysis. There is scarce literature
to compare our findings with, since head-to-head comparisons of
strategies are lacking. In previous post-hoc analyses of studies that
excluded growth-restricted neonates, it has been reported that
the preferred timing of antenatal corticosteroids is between 1 and
7 days before birth.1

There are no specifications in current guidelines regarding the
timing of the administration of corticosteroids other than “women
between 24+0 and 33+6weeks of gestation in whom imminent
preterm birth is anticipated”, as quoted from RCOG guideline
concerning antenatal corticosteroids.’” The advice given in other

guidelines is similar.®2° The lack of more specific timing advice
may be because the route to iatrogenic birth is so different in
this syndrome with unpredictable progression of fetal and mater-
nal risks.'>?! Our data show no differences in primary outcomes
whether corticosteroids are administered close to or long time
before birth. However, only around 50% of our patient group de-
livered within 7days after CCS administration, which makes the
sample sizes rather small. This could result in underestimation of
our final results on primary outcomes. Nevertheless, it could then
be argued that waiting until A/REDF of the UA and, as a conse-
quence, minimizing the time between CCS and birth, might not
be beneficial because it increases the chances of an incomplete
dosage.

Another approach to the interpretation of these results could be
that CCS do not have the same beneficial effect in this particular
patient group as they had in the studies on spontaneous preterm
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birth.?2 The theory has been postulated that increased endoge-
nous corticosteroid production associated with chronic intrauter-
ine stress in FGR fetuses already enhances lung maturation.?2%:24
No randomized studies examining this effect in FGR are available
and subgroup analyses on the FGR population have not been per-
formed.?> Nevertheless, in animal studies, positive effects of corti-
costeroids in FGR animals on lung maturation were described.?¢?’
To determine whether there is an effect in human FGR fetuses, we
plan to perform an individual patient data meta-analysis to inform a
definitive randomized trial. Alternatively, a contributing factor to an
absence of effect may be that improved neonatal management has
reduced the absolute effects of antenatal corticosteroids altogether,
rendering timing of less importance.

The absence of an effect in this study could be linked to several
sources of bias. First, residual confounding from institutional differ-
ences including population mix or other institutional policies may
obscure a true effect. However, we find no such indication in the
baseline characteristics in both groups.

Secondly, lack of power may contribute to the null hypothesis,
partly due to missing data. However, the numbers of patients were
comparable with earlier studies.?”%® Also, clinically relevant differ-
ences (irrespective of their statistical significance) were absent be-
tween the early and the late strategy. From the current results the
true effect is unlikely to be as large as in the trials of corticosteroid
therapy, which mainly included anticipated spontaneous preterm
birth.

Thirdly, there was reduction in the number of women with absent
end diastolic flow in the early strategy group and vice versa; how-
ever, no indication of an important influence in the “per-protocol”
analysis was observed.

5 | CONCLUSION

Based on this post-hoc analysis of data of the Dutch STRIDER trial,
and on the existing literature, it is yet inconclusive whether antena-
tal corticosteroids in eoFGR fetuses improve outcomes and, if so,
what the ideal timing of administration is. A randomized controlled
trial however, may only be feasible and ethical if a meta-analysis with
individual patient data of all available trials on this topic remain in-
conclusive. Therefore, we first plan to perform an individual patient
data meta-analysis.

AUTHOR CONTRIBUTIONS

WG, SJG and TL: conceptualization. AP, LIP: data curation, method-
ology and formal analysis. LIP: methodology, writing - original draft
and visualization. WG, SJG, TL, JK, MvdM and LIP: supervision and
writing - review and editing.

FUNDING INFORMATION
Netherlands Organization for Health Research and Development
(project No. 836021023).

CONFLICT OF INTEREST STATEMENT
The authors have stated explicitly that there are no conflicts of inter-

est in connection with this article.

ORCID

Leah I. Prins "= https://orcid.org/0000-0002-5139-0761

Mette van de Meent " https://orcid.org/0000-0003-3431-6591
REFERENCES

1. Pels A, Beune IM, van Wassenaer-Leemhuis AG, Limpens J,
Ganzevoort W. Early-onset fetal growth restriction: a systematic
review on mortality and morbidity. Acta Obstet Gynecol Scand.
2020;99:153-166.

2. Rana S, Lemoine E, Granger JP, Karumanchi SA. Preeclampsia:
pathophysiology, challenges, and perspectives. Circ Res.
2019;124:1094-1112.

3. Gordijn SJ, Beune IM, Thilaganathan B, et al. Consensus definition
of fetal growth restriction: a Delphi procedure. Ultrasound Obstet
Gynecol. 2016;48:333-339.

4. Baschat AA. Pathophysiology of fetal growth restriction: implications
for diagnosis and surveillance. Obstet Gynecol Surv. 2004;59:617-627.

5. Liggins GC, Howie RN. A controlled trial of antepartum glucocorti-
coid treatment for prevention of the respiratory distress syndrome
in premature infants. Pediatrics. 1972;50:515-525.

6. Committee on Obstetric Practice. Committee opinion No. 713: an-
tenatal corticosteroid therapy for fetal maturation. Obstet Gynecol.
2017;130:e102-e109.

7. Roberts D, Dalziel S. Antenatal corticosteroids for accelerating
fetal lung maturation for women at risk of preterm birth. Cochrane
Database Syst Rev. 2006;(3):CD004454.

8. Ring AM, Garland JS, Stafeil BR, Carr MH, Peckman GS, Pircon RA.
The effect of a prolonged time interval between antenatal cortico-
steroid administration and delivery on outcomes in preterm neo-
nates: a cohort study. Am J Obstet Gynecol. 2007;196(457):e1-e6.

9. Howie RN, Liggins G. The New Zealand study of antepartum gluco-
corticoid treatment. Lung Dev Biol Clin Pers. 1982;11:255-265.

10. Wapner RJ, Sorokin Y, Thom EA, et al. Single vs weekly courses of
antenatal corticosteroids: evaluation of safety and efficacy. Am J
Obstet Gynecol. 2006;195:633-642.

11. Wolf H, Arabin B, Lees CC, et al. Longitudinal study of computer-
ized cardiotocography in early fetal growth restriction. Ultrasound
Obstet Gynecol. 2017;50:71-78.

12. Marijnen MC, Damhuis SE, Smies M, Gordijn SJ, Ganzevoort W.
Practice variation in diagnosis, monitoring and management of fetal
growth restriction in The Netherlands. Eur J Obstet Gynecol Reprod
Biol. 2022;276:191-198.

13. [NG25] Ng. Preterm labour and birth. 2022.

14. Pels A, Derks J, Elvan-Taspinar A, et al. Maternal sildenafil
vs placebo in pregnant women with severe early-onset fetal
growth restriction: a randomized clinical trial. JAMA Netw Open.
2020;3:e205323.

15. Field A. Discovering Statistics Using IBM SPSS Statistics. 5th ed. SAGE
Publications Ltd; 2017.

16. Melamed N, Shah J, Soraisham A, et al. Association between ante-
natal corticosteroid administration-to-birth interval and outcomes
of preterm neonates. Obstet Gynecol. 2015;125:1377-1384.

17. Stock SJ, Thomson AJ, Papworth S, Royal College of Obstetricians
and Gynaecologists. Antenatal corticosteroids to reduce neona-
tal morbidity and mortality: green-top guideline No. 74. BJOG.
2022;129:e35-e60.

18. ACOG. Antenatal corticosteroid therapy for fetal maturation.
ACOG Guidelines. 2017.

850807 SUOWIWOD aA1ee1D 3|cedlidde aup Aq peusenob a1e e YO ‘88N JO SejnJ 10y ARIqIT8UIIUO /8|1 UO (SUOTIPUCO-PUR-SLUBI0D A8 | 1M AleIq Ul UO//SANY) SUORIPUOD pUe SWe 1 841 88S *[Z02Z/T0/LT] uo ArigiTauluo A8|im ‘AiseAIuN 1yoenn Aq 269 T SBOe/TTTT OT/I0p/W00 A8 1M Ake.d juljuouABao;/:sdny wouy papeoumod ‘T *¥202 ‘ZT0009T


https://orcid.org/0000-0002-5139-0761
https://orcid.org/0000-0002-5139-0761
https://orcid.org/0000-0003-3431-6591
https://orcid.org/0000-0003-3431-6591

19.

20.

21.

22.

23.

24.

25.

26.

PRINS ET AL.

Lees CC, Stampalija T, Baschat A, et al. ISUOG practice guide-
lines: diagnosis and management of small-for-gestational-age
fetus and fetal growth restriction. Ultrasound Obstet Gynecol.
2020;56:298-312.

Norman J, Shennan A, Jacobsson B, Stock SJ. FIGO working
Group for Preterm Birth. FIGO good practice recommendations
on the use of prenatal corticosteroids to improve outcomes and
minimize harm in babies born preterm. Int J Gynaecol Obstet.
2021;155:26-30.

Williams C. Obstetrics. 24th ed. McGraw Hill Education; 2014.
Torrance HL, Derks JB, Scherjon SA, Wijnberger LD, Visser GH.
Is antenatal steroid treatment effective in preterm IUGR fetuses?
Acta Obstet Gynecol Scand. 2009;88:1068-1073.

Perelman RH, Farrell PM, Engle MJ, Kemnitz JW. Developmental
aspects of lung lipids. Annu Rev Physiol. 1985;47:803-822.
Economides DL, Nicolaides KH, Linton EA, Perry LA, Chard T.
Plasma cortisol and adrenocorticotropin in appropriate and small
for gestational age fetuses. Fetal Ther. 1988;3:158-164.
McGoldrick E, Stewart F, Parker R, Dalziel SR. Antenatal cortico-
steroids for accelerating fetal lung maturation for women at risk of
preterm birth. Cochrane Database Syst Rev. 2020;12:CD004454.
Lechner AJ. Interaction of prenatal starvation and dexamethasone
treatment on lung development in newborn Guinea pigs. Am Rev
Respir Dis. 1987;135:991-996.

27.

28.

Sutherland AE, Crossley KJ, Allison BJ, Jenkin G, Wallace EM,
Miller SL. The effects of intrauterine growth restriction and ante-
natal glucocorticoids on ovine fetal lung development. Pediatr Res.
2012;71:689-696.

Schaap AH, Wolf H, Bruinse HW, et al. Effects of antenatal cor-
ticosteroid administration on mortality and long-term morbid-
ity in early preterm, growth-restricted infants. Obstet Gynecol.
2001;97:954-960.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Prins LI, van de Meent M, Kooiman J,
et al. Practice variation in timing of antenatal corticosteroid
administration in early-onset fetal growth restriction:

A secondary analysis of the Dutch STRIDER study. Acta Obstet
Gynecol Scand. 2024;103:77-84. doi:10.1111/a0gs.14692

850807 SUOWIWOD aA1ee1D 3|cedlidde aup Aq peusenob a1e e YO ‘88N JO SejnJ 10y ARIqIT8UIIUO /8|1 UO (SUOTIPUCO-PUR-SLUBI0D A8 | 1M AleIq Ul UO//SANY) SUORIPUOD pUe SWe 1 841 88S *[Z02Z/T0/LT] uo ArigiTauluo A8|im ‘AiseAIuN 1yoenn Aq 269 T SBOe/TTTT OT/I0p/W00 A8 1M Ake.d juljuouABao;/:sdny wouy papeoumod ‘T *¥202 ‘ZT0009T


https://doi.org/10.1111/aogs.14692

	Practice variation in timing of antenatal corticosteroid administration in early-­onset fetal growth restriction: A secondary analysis of the Dutch STRIDER study
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Participants
	2.2|Outcomes
	2.3|Statistical analyses
	2.4|Ethics statement

	3|RESULTS
	3.1|Comparison early vs late strategy—­intention-­to-­treat analysis
	3.2|Comparison early vs late strategy –­ per protocol analysis
	3.3|Analysis of predictors

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


