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Abstract

Objectives: The study aimed to evaluate the magnitude and
duration of the effect of antenatal betamethasone on fetal
heart rate short-term variability (STV) in growth-restricted
(FGR) fetuses in comparison with appropriate-for-gestational
age (AGA) fetuses.

Methods: A prospective observational study was conducted
at the UMC Ljubljana between June 2023 and June 2024,
including 21 FGR and 20 AGA fetuses. We measured STV
before applying betamethasone and at regular intervals for
seven days after the first application or until delivery. Con-
founding variables were fetal and maternal demographic
and clinical characteristics. Analysis was done using linear
regression, paired-sample t-tests and one-way and two-way
analysis of variance.

Results: The increase in STV 6-12 h after the first applica-
tion was significant compared to baseline in both groups
(p <0.001). STV remained significantly elevated the first 24 h
after the first application in the FGR group (p=0.018) but not

Tja3a Sikonja and Zala Sr3en contributed equally to this work and share first
authorship.

*Corresponding author: Zala Sr3en, Faculty of Medicine, University of
Ljubljana, Vrazov trg 2, 1000 Ljubljana, Slovenia,

E-mail: zala.srsen@gmail.com

Tjasa Sikonja, Faculty of Medicine, University of Ljubljana, Vrazov trg 2,
1000 Ljubljana, Slovenia

Ivan Verdenik, Department of Perinatology, University Medical Centre
Ljubljana, Slajmerjeva 3, 1000 Ljubljana, Slovenia. https://orcid.org/0000-
0001-6545-9785

Renata KoSir Pogacnik, Miha Lucovnik and Tanja Premru-Sr3en,
Faculty of Medicine, University of Ljubljana, Vrazov trg 2, 1000 Ljubljana,
Slovenia; and Department of Perinatology, University Medical Centre
Ljubljana, Slajmerjeva 3, 1000 Ljubljana, Slovenia. https://orcid.org/0000-
0003-3599-8002 (R.K. Pogacnik). https://orcid.org/0000-0003-2708-9175
(M. Lucovnik). https://orcid.org/0000-0003-2597-0188 (T. Premru-Srsen)
Gabrijela Brzan Simenc, Health Center Ljubljana, Regional unit FuZine,
Preglov trg 14, 1000 Ljubljana, Slovenia

in the AGA group. There was no significant difference in STV
between baseline and 48 and 72 h after the first application
in either group. When adjusted for gestational age, STV was
significantly lower in the group of FGR compared to AGA
fetuses at all times of cCTG recordings (p=0.031).
Conclusions: Following the initial increase in STV after the
first dose of betamethasone, STV declines and returns to
levels that doesn’t differ significantly from baseline after
24h in AGA and 48h in FGR fetuses. Longer-lasting
response of FGR fetuses to betamethasone merits further
investigation.

Keywords: fetus; antenatal betamethasone; heart rate
short-term variability; fetal growth restriction; computer-
ized cardiotocography

Introduction

Preterm birth remains a leading cause of perinatal morbidity
and mortality, with risk increasing with the earlier onset of
the birth. Birth before 32 weeks of gestation requires pro-
longed neonatal intensive care, primarily due to pulmonary
immaturity. When birth before 34 weeks of gestation is
imminent, antenatal corticosteroid (GCS) therapy is admin-
istrated in order to reduce the risks of neonatal respiratory
distress syndrome [1, 2]. One of the most common causes of
medically indicated preterm delivery is fetal growth restric-
tion (FGR). We proceed with delivery when fetal status is
assessed as critically compromised, posing a threat of irre-
versible damage of intrauterine death. In early gestation, the
aim s to prolong pregnancy to improve the chances of healthy
survival. The decision to deliver due to suspected fetal hyp-
oxia is based on the assessment of fetal status, which relies
mainly on indirect methods, including ultrasound and car-
diotocography (CTG). CTG recording interpretation is at least
partly subjective and particularly challenging in early gesta-
tion due to the gestational age-dependent maturity of the
autonomic nervous system (ANS), which coordinates the fetal
heart rate. For this reason, the use of computerized CTG
(cCTG) and short-term (beat-to-beat) variability (STV) of the
fetal heart rate is recommended in cases of FGR [3, 4]. Low STV
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values of the fetus, considering gestational age, can indicate
fetal compromise as a result of hypoxia and is an indication
for immediate delivery regardless of gestation [5]. STV is
regulated by the autonomic nervous system (ANS) through a
negative feedback loop, in which sympathetic precedes
parasympathetic maturation. During fetal hypoxia, sympa-
thetic dominance occurs. GCS have a similar effect on the ANS
as hypoxia, which can lead to misinterpretation of the STV
and possibly an inappropriate decision to deliver. The effect of
maturation therapy with corticosteroids on STV is not fully
understood, and data on the effect of GCS on FGR fetuses are
limited. An initial transient increase in STV following GCS
administration is documented; however, findings regarding a
subsequent decrease in STV after completing the therapy are
inconsistent [6, 7]. Moreover, short-term variability (STV)
thresholds indicative of fetal hypoxia — and thus indicating
the need for immediate delivery — vary across established
international guidelines [3, 8].

Our study aimed to evaluate the magnitude and
duration of the effect of antenatal GCS therapy with beta-
methasone on STV in FGR fetuses and to compare these
findings with appropriate for gestational age (AGA)
fetuses. Stress-related metabolism resulting from
impaired oxygenation and/or nutrient supply in FGR may
accelerate the maturation of the fetal autonomic nervous
system, which could lead to a different physiological
response to exogenous corticosteroid administration
compared to AGA fetuses, therefore contributing to
observed differences in treatment response between hoth
groups. A better understanding of the impact of antenatal
betamethasone on STV could improve clinical interpreta-
tion of fetal status during and after GCS administration,
which could help to avoid misclassification of fetuses as
hypoxic - leading to potentially unnecessary early de-
livery — as opposed to those whose condition still permits
expectant management aimed at prolonging gestation and
increasing fetal maturity.

Subjects and methods
Study design

This prospective observational cohort study was conducted
at the Department of Perinatology, University Medical
Centre Ljubljana, between June 2023 and June 2024. The
study included fetuses of pregnant women who, based on the
decision of the attending physician, required standard clin-
ical management with betamethasone for either threatened
spontaneous or medically indicated preterm birth between
24 and 34 weeks of gestation. All pregnant women gave
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written informed consent following verbal and written ex-
planations. The study was approved by the National Medical
Ethics Committee of the Republic of Slovenia (No. 0120-516/
2022/17, June 5th, 2023) and conducted in accordance with the
Declaration of Helsinki (as revised in 2013) The study was
funded by research grants from University Medical Centre
Ljubljana (No. TP2022128) and the Public Agency for Scien-
tific Research and Innovation of the Republic of Slovenia (No.
P3-0124).

Subjects

We included 41 fetuses with gestational age less than
34 weeks. Of these, 14 fetuses were twins, eight from
bichorionic biamniotic, four from monochorionic biamni-
otic, and two from monochorionic monoamniotic pregnan-
cies. None of the monochorionic pregnancies were
complicated by twin-to-twin transfusion syndrome or twin
anemia-policitemia sequence. Of the 41 fetuses, 21 (including
11 twin fetuses—two from monochorionic monoamniotic,
four from monochorionic biamniotic and five from bichor-
ionic biamniotic pregnancies) were classified as FGR, and 20
(including three twin fetuses from bichorionic pregnancies)
were classified as AGA.

We determined gestational age by measuring crown-
rump length (CRL) on first-trimester ultrasound up to
13 weeks and six days in spontaneous conceptions and by
the date of oocyte retrieval or embryo transfer (adjusted
for embryo age at transfer) in pregnancies conceived via
assisted reproductive technology [9]. FGR was determined
using Delphi consensus criteria without structural
anomalies [3, 10]. AGA was defined as the fetal weight for
gestational age between the 25th and 75th centiles. The
Hadlock growth chart was used to assess fetal weight and
adequacy for gestational age [11]. The indication for
antenatal corticosteroid therapy in the FGR group was
threatened preterm delivery or planned preterm delivery
due to the worsening of the fetal wellbeing. The indication
for antenatal corticosteroid therapy in the AGA group was
threatened preterm delivery, which was anticipated
based on cervical insufficiency in nine cases and preterm
premature rupture of membranes without clinical and/or
laboratory signs of intrauterine infection in four cases. In
the remaining seven AGA fetuses, other indications were
present, including preeclampsia, gestational diabetes
with preeclampsia or gestational hypertension, hepatop-
athy and low-lying placenta. Cervical insufficiency was
defined as progressive cervical shortening to<lcm with
cervical dilatation>1cm in the absence of uterine
contractions.



44 —— Sikonja et al.: Effect of betamethasone on growth retarded fetal short-term variability

In the study, women who did not understand the
Slovenian explanation or had signs of inflammation (clin-
ical or laboratory) were not invited. We also did not include
fetuses whose fetal growth did not meet the previously
described criteria, whose gestational age was unclear, who
had a structural or genetic developmental abnormality, or
who did not have a cCTG recording before the first appli-
cation of betamethasone due to in utero transport from
another maternity hospital. No pregnant woman invited
refused to participate.

Variables

The study’s observed dependent variable was STV before the
application of betamethasone, 6-12h after the first appli-
cation, on the first day (>12h), and then at 24-h intervals
7 days after the first application or until delivery.

The independent variable was the antenatal application
of betamethasone intramuscularly in two doses of 14 mg
24 h apart.

Among confounding variables we consider fetal baseline
characteristics: estimated fetal weight EFW (g), abdominal
circumference AC (mm) measured via ultrasound, umbilical
artery pulsatility index (UA-PI), and the UA-PI percentile.
Maternal confounding variables included body mass index
BMI (kg/m?) measured upon inclusion in the study, presence
or absence of chronic arterial hypertension, pregestational
diabetes mellitus, and ongoing treatments with antihyper-
tensive agents, anxiolytics, antidepressants and/or low-dose
aspirin (100 mg). In addition, the presence or absence of
gestational diabetes mellitus (GDM), gestational hypertension,
and preeclampsia was determined. Maternal biometric mea-
surements were also obtained prior to each cCTG recording,
including body temperature (°C), heart rate (beats per min-
ute), and mean arterial pressure (mmHg). Gestational diabetes
mellitus was defined as any diabetes diagnosed in the first or
second trimester of pregnancy, according to established
diagnostic criteria of the International Association of Diabetes
and Pregnancy Study Groups [12]. Gestational hypertension
was defined as new-onset systolic blood pressure>140 mmHg
and/or diastolic blood pressure>90 mmHg occurring after
20 weeks of gestation without proteinuria or hiochemical
and hematological abnormalities. Preeclampsia was defined
as gestational hypertension accompanied by proteinuria
(21+, 3g/lL) and/or dysfunction of at least one organ
system [13].

Mean arterial pressure (MAP) was calculated using the
following formula:

MAP = [systolic blood pressure
+ (2 x diastolic blood pressure)]/3
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cCTG recording

All fetuses for whom we decided to undergo maturation
therapy with betamethasone had a 40-60 min cCTG recor-
ded before the first application, 6-12 h after, on the first day
(>12h), and then at 24-h intervals 7 days after the first
application or until delivery. All cCTGs were recorded in the
morning until noon, except for the cCTG before application
and 6-12 h after it, which were tied to the time of application
at any time of the day between 9 am and 5 pm. STV in
milliseconds (ms) was recorded and analyzed automatically
by the cCTG using the Dawes/Radman algorithm [14]. Upon
inclusion in the study, we measured maternal weight, and
BMI was calculated from body weight and height. Before
each cCTG recording, the pregnant woman’s arterial blood
pressure, pulse, and body temperature were measured. The
SonicaidFM800 Encore and Sonicaid Team3 Series comput-
erized cardiotocographs (Huntleigh Healthcare Ltd., Cardiff,
United Kingdom) were used for all cCTG recordings.

Statistics

Descriptive statistics of maternal and fetal baseline char-
acteristics were presented as frequencies and percentages
for categorical variables and as means with standard de-
viations for continuous variables. Differences in baseline
characteristics between groups were tested using Fisher’s
exact test for categorical variables and the Mann—-Whitney U
test for continuous variables. Maternal biometric parame-
ters at the time of cCTG recordings, within and between
groups, were analyzed using a repeated measures test. As-
sociations between short-term variability (STV) and
maternal biometric measurements, gestational age, fetal
growth type, and fetal characteristics were analyzed using
linear regression with simple coding applied to categorical
variables. Differences in STV between FGR and AGA fetuses
at specific cCTG recording time points were assessed using a
one-way analysis of variance (ANOVA). Differences in STV
before and after betamethasone administration were
analyzed using paired-sample t-tests. Group differences in
STV across recording periods, adjusted for gestational age,
were assessed using a two-way ANOVA (between-subject
effects).

Results

A total of 41 fetuses who received betamethasone therapy for
the risk of preterm delivery were included in the study.
Twenty-one of them were FGR, and 20 were AGA. Among the
21 FGR fetuses, 11 had an EFW and/or AC below the 3rd
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percentile, 10 had an EFW and/or AC between the 3rd and 10th
percentile accompanied by an umbilical artery UA-PI above
the 95th percentile. Of the 205 planned cCTG recordings, 188
were completed and analyzed. The 17 missing recordings
included one recording 612 h after the first betamethasone
dose (AGA fetus who subsequently underwent the next
scheduled recording), two recordings on the day after the first
dose (both in FGR fetuses), five recordings on the day after the
second dose (three in FGR fetuses and two in AGA fetuses);
and nine recordings two days after the second dose, which
were missed due to delivery (seven in FGR and two in AGA
fetuses).

FGR fetuses had, as expected, significantly lower weight
(1310.90 + 431.26 g vs. 1717.47 + 449.06 g; p=0.006) and a
smaller AC for gestational age (236.73 + 29.95 mm vs. 253.10 +
60.07; p=0.016) and the average UA-PI was significantly
higher (1.31 + 0.38 vs. 1.02 + 0.19; p=0.002). Similarly, the
percentile values of the measurements were also signifi-
cantly lower in FGR (Table 1). The average gestational age did
not differ significantly between them. The groups did not
differ significantly in maternal characteristics (Table 1).

Table 1: Basic fetal and maternal characteristics at the time of enroll-
ment in the study.

Variable Group of FGR  Group of AGA p-Value
fetuses fetuses
n=21 n=20
Maternal characteristics
BMI, kg/m? 29.10 (6.59) 27.66 (3.95) 0.406
Chronic arterial 1(4.8) 2(10.0) 0.606
hypertension
Natural conception 18 (85.7) 18 (90.0) 0.173
Preeclampsia 3(14.3) 1(5.0) 0.606
Gestational hypertension 5(23.8) 1(5.0) 0.184
Gestational diabetes 8 (38.1) 8 (40.0) 1,000
Low-dose aspirin 3(14.3) 5(25.0) 0.454
Antihypertensive 4(19.0) 2(10.0) 0.663
medication
Fetal characteristics
Gestational age, days 218.38 (15.22) 216.8 (16.45) 0.751
Estimated fetal weight, g 1310.90 1717.47  0.006
(431.26) (449.06)
Estimated fetal weight 4.90 (5.63) 47.58 (19.27) <0.001
percentile
Abdominal circumference, 236.73(29.95)  253.10 (60.07) 0.016
mm
Abdominal circumference 3.00 (5.69) 47.37 (19.45) < 0.001
percentile
UA-PI 1.31(0.38) 1.02 (0.19) 0.002
UA-PI percentile 85.20 (20.84) 59.41 (29.10) 0.002

Results are shown as mean value (SD) for continuous variables and as
number (%) for categorial variables. FGR, fetal growth restriction; AGA,
appropriate-for-gestational age; BMI, Body mass index; UA-PI, umbilical
artery pulsatility index.
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Maternal body temperature (p=0.252), arterial pulse
(p=0.401) and mean arterial pressure (p=0.072) did not differ
significantly between FGR and AGA fetuses at all times of
cCTGrecordings, and none of them received antidepressants
or anxiolytics (Figure 1).

Before the first dose of betamethasone, the STV value
was significantly affected by the type of fetal growth
(p=0.038) and the gestational age of the fetus (p=0.001) in the
regression model, independently of other confounding var-
iables (Table 2) FGR fetuses had an average of 4.3 m s lower
STV values at any gestation compared with fetuses with
normal growth. With each day of gestation, the STV value
was, on average, 0.12m s higher, regardless of the type of
fetal growth.

STV increased 6-12 h after the first dose of betametha-
sone by an average of 5.05 m s in the FGR group and 4.52m s
in the AGA group. Following this transient elevation, STV
decreased by 4.00 m s, 0.81 m s, and 1.06 m s in the FGR group
and by 3.24ms, 1.48 m s, and 0.95 m s in the AGA group. STV
values did not differ significantly between the two groups at
any time (Table 3).

The increase in STV observed 6-12 h after the first dose
of betamethasone was statistically significant compared to
baseline in both groups (p < 0.001). STV remained signifi-
cantly elevated one day after the first dose in the FGR group
(p=0.018). Meanwhile, it was not significantly elevated in the
AGA group. The difference between the two groups was not
statistically significant at that time point. Furthermore, there
was no significant difference in STV between baseline
(before the first dose of betamethasone) and the measure-
ments taken on the second day after the first dose (48 h) or
the third day after the second dose (72h) in either group
(Table 4, Figure 2).

When adjusted for gestational age, which was signifi-
cantly associated with STV, STV differed significantly be-
tween the two groups and was lower in the FGR compared to
the AGA group at all times of cCTG recordings (p=0.031)
(Figure 2).

Discussion

The study aimed to assess the magnitude and duration of the
effect of antenatal betamethasone on STV in FGR fetuses and
to compare this response with that of AGA fetuses. In our
study, antenatal betamethasone significantly affected STV in
both fetal groups. Following the initial increase in STV after
the first dose of betamethasone, STV declined — at different
rates in the two groups — and returned to levels that did
not differ significantly from baseline. The elevation in STV
persisted longer in FGR fetuses than in AGA fetuses.



46 —— Sikonja et al.: Effect of betamethasone on growth retarded fetal short-term variability

37.0

36.8

36.6

Body temperature (°C)

36.4

110

100

90 AGA

80
FGR

70

Mean arterial pressure (mmHg)

DE GRUYTER

110

100

90 FGR

Puls (bpm)

80 I AGA

Figure 1: Maternal biometric measurements
during the time of cCTG (computerized

Before application  6-12 hours 24 hours

Time of cCTG recording

48 hours

72 hours after
the first application

cardiotocogram) recording in the group of
growth restricted (FGR) and appropriate-for-
gestational age (AGA) fetuses considering
betamethasone application.

Table 2: Association of fetal heart rate short-term variability with fetal growth, gestational age, and maternal characteristics before the first application

of betamethasone and cCTG recording (n=41).

Variable Non-standard Standard error Standard Regression p-Value
coefficient beta coefficient coefficient beta t-test
Gestational age, days 0.115 0.032 0.555 3,623 0.001
Fetal growth (normal vs. growth restriction) 4,288 1,948 0.647 2,201 0.038
Body mass index, kg/m? -0.028 0.115 - 0.040 -0.248 0.807
Arterial pulse, beats/min -0.037 0.042 -0.142 -0.886 0.385
Body temperature, °C -0.499 1,840 - 0.046 -0.271 0.789
Mean arterial pressure, mmHg -0.043 0.052 -0.142 -0.831 0.415
Estimated fetal weight percentile -0.060 0.051 -0.444 - 1,166 0.255
Abdominal circumference percentile 0.005 0.057 0.037 0.086 0.932

Dependent variable: fetal heart rate short-term variability (ms).
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Table 3: Fetal heart rate short-term variability of before and after application of betamethasone in growth-restricted and appropriate-for-gestational

age fetuses, regardless of gestational age.

FGR fetuses AGA fetuses p-Value Eta squared effect size
Time period of cCTG recording n STV, ms (SD) n STV, ms (SD)
Before drug application 21 8.43 (3.10) 20 9.93 (3.12) 0.132 0.232
6-12 h after the first dose 21 13.48 (7.18) 18 14.45 (3.59) 0.605 0.134
24 h after the first dose 19 9.48 (2.57) 16 11.21 (4.74) 0.179 0.243
48 h after the first dose 15 8.67 (4.02) 16 9.73 (3.69) 0.454 0.192
72 h after the first dose 13 7.61 (2.89) 15 8.78 (3.65) 0.360 0.231

Statistical method: one-way analysis of variance (ANOVA). FGR, fetal growth restriction; AGA, appropriate-for-gestational age; cCTG, computerized

cardiotocograph; STV, fetal heart rate short-term variability (ms).

Table 4: Differences in fetal heart rate short-term variability before and after betamethasone application.

Group cCTG pairs by recording period Paired differences Statistical significance
Mean value  SD SE  95-% confidence interval  t-test df p-Value

FGR fetuses  STV1-STV2 -5.05 562 1.23 -7.61t0-249 -4,114 20 <0.001
STV1 - STV3 -1.25 2.08 0.48 -2.25-0.24 -2613 18 0.018

STV1 - STV4 -0.51 3.18 0.82 -2.28-1.25 -0.625 14 0.542

STV1 - STV5 148 285 0.79 —-0.24-3.21 1,878 12 0.085

AGA fetuses  STV1 - STV2 -4.55 381 0.90 -6.44t0-2.66 -5072 17 <0.001
STV1 - STV3 -1.18 473 1.18 -3.70-1.35 -0.993 15 0.337

STV1 - STV4 0.28 3.29 0.82 -1.48-2.03 0334 15 0.743

STV1 - STVS 138 412 1.06 -0.90-3.66 1,299 14 0.215

FGR, fetal growth restriction; AGA, appropriate-for-gestational age; cCTG =computerized cardiotocogram; SD, standard deviation; SE, standard error;
df=number of fetuses; STV, fetal heart rate short-term variability; STV1 =before the application of betamethasone, STV2 = 6-12 after the first application of
betamethasone, STV3=24 after the first application, STV4=48 h after the first application, STV5=72 h after the first application.

One possible explanation for the rapid increase of STV in
FGR following the first dose of betamethasone is its effect on
glucocorticoid receptors in the brain, which, via the hypo-
thalamic suprachiasmatic nucleus, contributes to the sup-
pression of the normal fetal diurnal rhythm. The inhibitory
effect of betamethasone predominantly targets the sympa-
thetic component of autonomic heart rate regulation,
increasing STV [15, 16]. An increase in STV within 24 h after
the first dose of betamethasone has been previously
described in other studies, both in FGR fetuses and mixed
cohorts. However, in contrast to our findings, several studies
have reported a significant decrease in STV following the
initial transient rise within the first 24 h, with the suppres-
sion lasting up to 72 h after the first dose of betamethasone
[7,17, 18]. Schneider et al. similarly observed suppression of
overall fetal heart rate variability, not specifically short-term
variability, following betamethasone administration using
magnetocardiotocography [15]. Knaven et al. reported, in
contrast to the present study’s results, that the STV increase
was limited to the first 24 h after the initial dose in both the
preeclampsia and FGR groups, as well as in the remaining
study population [17]. The observed discrepancies between

our findings and previous reports may reflect heterogeneity
in fetal and maternal characteristics, differences in study
design, and variability in corticosteroid protocols. In
particular, the gestational age at administration and the
degree of placental dysfunction in FGR fetuses likely influ-
ence the duration and direction of STV changes after ante-
natal corticosteroid administration. That is to say, in the
study of the association between fetal heart rate variability
and FGR, Zizzo et al. [19] found that while during fetal respi-
ratory movements, FGR fetuses preserved vagal activity at
similar levels as seen in AGA fetuses, during quiescence, they
presented lower RMSSD and HF power, which is consistent
with a suppressed cardiac vagal activity and an increased
sympatho-vagal balance, implying an activated stress
response due to chronic hypoxia. The addition of exogenous
GCS to an environment with elevated levels of endogenous
corticosteroids may result in a prolonged initial suppressive
effect on the sympathetic component of autonomic heart rate
regulation. Due to the iatrogenically increased STV in FGR
fetuses that persists longer than in AGA fetuses, cCTG cannot
be a reliable measure for assessing fetal wellbeing during the
first 48 h after the first application of betamethasone.
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Figure 2: Fetal heart rate short-term variability
(STV) before and after two doses of betame-
thasone 24 h apart in growth restricted (FGR)
(blue line) and appropriate-for-gestational age
(AGA) fetuses (red line) before and after
adjustement for gestational age. STV showed a
significantincrease in both groups 6-12 h after
the first application, which remained
increased in FGR fetuses after 24 h. After 24
and until 72 h, STV decreased to levels not
significantly different from before application.

Before application  6-12 hours 24 hours 48 hours

Fetal STV adjusted for gestational age (ms)

Time of cCTG recording

Based on the findings of our study, STV values in FGR
fetuses measured 48 h after the first dose of betamethasone
likely reflect the actual fetal condition rather than a residual
pharmacologic effect of betamethasone. These results are in
line with the conclusions of Knaven et al., who reported that
the decline in STV 24 h after betamethasone administration
was less than 1 m s, suggesting that any observed decrease in
STV should be interpreted as a sign of fetal compromise
rather than a persistent corticosteroid effect [17]. The
decrease in STV values after 24h from the first dose of
betamethasone in our study ranged between 0.81 and
1.06 m sin FGR and between 1.48 and 0.95 m s in AGA fetuses.
Based on these results, STV may be considered a reliable
parameter for fetal assessment 48 h after betamethasone
administration in FGR and 24 h after administration in AGA
fetuses. In this context, STV threshold values should still be
interpreted primarily as indicators of fetal hypoxia rather
than as transient effects of antenatal corticosteroids.

The present study also found that the STV was signifi-
cantly lower in FGR at any gestational age than in AGA
fetuses. Ghi et al. observed a similar finding in a study on the
association between fetal size and the incidence of reduced

Adjusted for gestational age, STV was signifi-
cantly lower in FGR fetuses at all times of cCTG
recordings (two-way analysis of variance;
p=0.031).

72 hours after
the first application

STV after antenatal betamethasone administration. They
found that compared with fetuses with normal STV values,
fetuses with persistently lower STV values had lower body
weight estimates and birth weight [20]. Nijhuis et al. found
that in FGR fetuses, the basal heart rate was generally
higher, and the fetal heart rate variability was lower
compared with the control group [21]. The lower fetal heart
rate variability may be caused by an altered hypothalamic-
pituitary-adrenal axis (HPA) characteristic of fetuses with
growth retardation. Changes in HPA axis function lead to,
among other things, reduced fetal and placental growth
[22, 23].

Strengths and limitations

A strength of our study was the rigorous design. Why our
findings differ from those of previous studies may be partly
explained by differences in the definition of FGR. Notably,
other studies did not consistently exclude fetuses from
pregnancies complicated by maternal infection. The pro-
spective design of our study allowed us to apply the
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currently recommended criteria for FGR and to exclude fe-
tuses with signs of infection or elevated inflammatory
markers during pregnancy, as well as pregnant women
taking medications that may influence ANS function. Also,
we checked for maternal physiological parameters that
might influence fetal STV at the start of every cCTG
recording. Moreover, most previous studies exploring the
effects of antenatal corticosteroids in FGR populations did
not conduct a direct comparison with AGA fetuses [24, 25].
We, however, took an approach by narrowing the bound-
aries of the AGA definition, enabling a comparison of FGR
fetuses with an optimal group of normally growing fetuses.

The relatively small cohort and the early delivery that
affected our monitoring could impact our conclusions. We
intended to monitor changes in STV for another 7 days after
the first betamethasone application, but clinical reasons led to
early delivery. The time between cCTG recording before the
first application of betamethasone and the first day after was
not exactly 24 h but ranged from>12 to 24 h. Pregnant women
who required betamethasone therapy for fetal lung matuar-
tion received it upon decision-making or hospital admission,
which could be at any time of the day. If this was after noon,
the second cCTG after the first betamethasone administration,
as well as all subsequent ones, was recorded in the morning
hours to reduce the potential influence of the fetal circadian
rhythm. The inclusion of monochorionic twins could be
considered a limitation of the study due to the specific he-
modynamic changes observed in AGA fetuses in selective FGR
[26]. However, in our study, all fetuses from monochorionic
pregnancies were FGR fetuses, which were presumably not
burdened by cardiac overload, unlike AGA fetuses in selective
FGR, leading to chronic stress in the latter. We also recognize
some missing cCTG records as a limitation.

Conclusions

Our study confirms that the increased STV observed in FGR
fetuses during the first 48 h after the initial dose of beta-
methasone does not reflect actual fetal condition. This
transient elevation in STV can be considered corticosteroids’
direct pharmacologic effect. Therefore, alternative moni-
toring methods should be used to assess fetal well-being
accurately during this period. The reliability of STV as an
indicator of fetal well-being in FGR fetuses is restored 48 h
after the first application of betamethasone when values no
longer differ significantly from baseline measurements ob-
tained before betamethasone administration. In AGA
fetuses, STV is restored to baseline measurements after
24h. At all times of cCTG recordings, FGR fetuses have
significantly lower STV in comparison to AGA fetuses. Our
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findings should be verified in a larger cohort, possibly with
different doses of betamethasone.
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