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Abstract

Objectives: To examine the effect of antenatal betametha-
sone administration on Doppler parameters of fetal and 
uteroplacental circulation.
Methods: Seventy-six singleton pregnancies that received 
betamethasone therapy were prospectively evaluated. 
Doppler measurements of pulsatility indices (PI) in fetal 
umbilical artery (UA), middle cerebral artery (MCA), 
ductus venosus and maternal uterine arteries were per-
formed before (0 h) and 24, 48, 72 and 96 h after the first 
dose of betamethasone. Women with positive end-dias-
tolic flow (EDF) in UA and those with absent or reversed 
EDF in UA were evaluated separately.
Results: Fifty-two women with EDF in UA and 24 women 
with absent or reversed flow in UA were examined. Admin-
istration of maternal betamethasone was followed by a 
significant decrease in the PI of the MCA at 24 h (P < 0.05). 
Additionally, return of absent to positive, reversed to 
absent or from reversed to positive diastolic flow in UA 
was detected within 24 h in 19 (79.2%) fetuses with absent 
or reversed UA-EDF. All alterations were transient and 
maintained up to 72 h.
Conclusions: Antenatal administration of betamethasone 
is associated with significant but transient changes in the 
fetal blood flow. Hence, intensive surveillance of fetuses 
with Doppler ultrasonography is warranted following bet-
amethasone therapy.

Keywords: Betamethasone; Doppler; middle cerebral 
artery; pulsatility index; umbilical artery.

Introduction
Synthetic glucocorticoids have been successfully adminis-
tered for more than 40 years to accelerate fetal lung matu-
ration in pregnancies prior to preterm birth, a major cause 
of neonatal mortality and morbidity. It is known that 
corticosteroids have no serious side effects on neonates 
when administered during the second half of pregnancy 
[1]. Therefore, a single course of corticosteroid treatment 
is offered to all pregnancies at risk for preterm delivery 
between 24 and 34 gestational weeks. Nevertheless, there 
are studies that have observed an association of antena-
tal corticosteroid exposure with both short and long term 
side effects that need to be confirmed [2, 3].

Fetal biophysical profile and Doppler ultrasonogra-
phy have been used to assess fetal well-being in utero. 
Studies have reported transient reduction of fetal body 
movements, fetal breathing and fetal heart rate varia-
tion after antenatal betamethasone administration [3, 4]. 
Likewise, Doppler velocimetry of the umbilical (UA) and 
middle cerebral arteries (MCA) has also been found to be 
affected by corticosteroid administration. Prior studies 
revealed that the maternal administration of betametha-
sone was associated with a transient decrease in the pul-
satility index (PI) [5–12]. However, the mentioned studies 
had methodological limitations in some aspects. First, 
precise timing of the onset of the steroid effect was not 
determined due to the retrospective review of pregnancies 
[7, 13]. Second, other components of fetomaternal vascula-
ture such as ductus venosus and uterine arteries were not 
assessed in a majority of the studies [3, 5–7, 9].

Therefore, in this prospective study, we aimed to 
examine the timing of the effects of antenatal betametha-
sone administration on Doppler flow indices of fetal UA, 
MCA, ductus venosus and maternal uterine arteries.
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Methods
This prospective observational study included singleton pregnancies 
of 24 and 34 gestational weeks that required administration of beta-
methasone after admission to the perinatology department of our 
hospital for risk of preterm delivery during the period from December 
2011 to August 2013. The study was approved by the Ethical Commit-
tee of our center (Reference no: 49-4) and performed in accordance 
with the ethical standards laid down in the 1964 Declaration of Hel-
sinki. Informed consent was obtained from all women. According to 
our protocol, women at high risk of preterm delivery received intra-
muscular betamethasone treatment (two doses of 12 mg, Celestone 
Chronodose, Merck Sharp & Dohme, Istanbul, Turkey) between 24 
and 34 weeks of gestation. Preterm birth was anticipated on the 
basis of spontaneous preterm labor, preterm premature rupture of 
membranes and other obstetric reasons including preeclampsia, 
intrauterine growth restriction (IUGR), placenta previa and diabetes 
mellitus. Women with a condition requiring immediate delivery such 
as active labor, placental abruption, severe preeclampsia, eclampsia 
and chorioamnionitis, fetal chromosomal or major structural abnor-
malities and those delivered or discharged prior to completion of 
all the examinations were excluded. To prevent possible impact of 
medications other than steroids, those women who received medical 
therapy at the time of examination and discontinued before the last 
evaluation were also excluded.

The following data were recorded from the medical records of 
all women: maternal age, gestational age, parity, clinical diagnosis, 
drug use and time of betamethasone treatment. Gestational age was 
calculated based on the last menstruation date, which confirmed 
with the first trimester crown lump length measurement. After 
completion of baseline examinations, women who were eligible for 
the betamethasone treatment underwent Doppler ultrasonography 
before (0 h) and 24 h, 48 h, 72 h and 96 h after injection of the first 
dose of betamethasone. All measurements were performed by the 
same expert (A.E.) using a Logic 5 Pro (General Electric Healthcare, 
Milwaukee, WI, USA) ultrasound machine with a 5  MHz transab-
dominal transducer. When at least five consecutive uniform flow 
velocity waveforms were obtained, all vessels were sampled at the 
lowest feasible insonation angle during episodes of fetal inactivity 
and apnea, and the high-pass filter was set at 100 Hz. Blood flow 

velocity waveforms (FVW) were obtained from UA, MCA and ductus 
venosus and both uterine arteries and expressed as a PI for all ves-
sels. UA FVWs were obtained from a free loop of cord at least 5 cm 
from either the placental or fetal insertion. Vascular structures of the 
Willis polygon were located with color Doppler and FVW of the MCA 
near the ultrasound probe was recorded from a point approximately 
1 cm from the artery origin. The ductus venosus was identified by 
following the intrahepatic portion of the umbilical vein using color 
Doppler in a transverse or sagittal section of the fetal abdomen. 
FVWs were recorded transabdominally from the right and left uter-
ine arteries at the crossing with iliac vessels. We categorized women 
into two groups based on waveform pattern of the Doppler spectrum 
in UA. Accordingly, women with positive end-diastolic flow (EDF) in 
UA and those with absent or reversed EDF in the UA were evaluated 
separately.

Statistical analysis was performed using the SPSS (Statistical 
Package for the Social Sciences for Windows version 200 (SPSS Inc., 
Chicago, IL, USA). Continuous data were expressed as number and 
percentage or mean±SD as appropriate. The Wilcoxon signed-rank 
test was used to compare the mean changes in the PI of vessels before 
and after betamethasone administration. P < 0.05 was considered sta-
tistically significant. Using an α-value of 0.05 and power of 80%, it 
was calculated that our sample size was enough to provide statistical 
significance. The intraobserver coefficients of variation, for measure-
ments in each vessel, were  < 4%.

Results

Seventy-six singleton pregnancies who received beta-
methasone therapy for the risk of preterm delivery were 
included in the study. On admission, the mean maternal 
age (SD) of study population was 27.7 (±5.5) years, and 
the mean gestational age (SD) was 29.2 (±2.5) weeks. All 
cases were associated with pregnancy complications, 
including spontaneous preterm labor (n = 12), preterm 
premature rupture of membranes (n = 15), preeclampsia 
(n = 14), intrauterine growth restriction (n = 8), placenta 

Table 1: PI values before and after betamethasone administration in pregnancies with positive EDF in UA. 

 
 

Before betamethasone 
 

After betamethasone

0 24  48  72  96

Umbilical artery   0.98±0.19  
(0.65–1.35)

  0.92±0.21  
(0.64–1.56)

  0.97±0.23  
(0.60–1.52)

  0.99±0.22  
(0.64–1.47)

  0.91±0.21  
(0.59–1.35)

Middle cerebral artery   1.88±0.31  
(1.40–2.56)

  1.73±0.29  
(1.30–2.20)a

  1.75±0.30  
(1.10–2.32)a

  1.77±0.26  
(1.10–2.15)a

  1.80±0.29  
(1.30–2.62)

Ductus venosus   0.82±0.09  
(0.64–0.99)

  0.83±0.08  
(0.65–0.97)

  0.83±0.07  
(0.72–0.96)

  0.81±0.08  
(0.69–0.98)

  0.81±0.08  
(0.66–0.97)

Right uterine artery   0.90±0.36  
(0.36–1.72)

  0.85±0.32  
(0.35–1.58)

  0.84±026  
(0.45–1.47)

  0.95±0.31  
(0.40–1.59)

  0.86±0.26  
(0.46–1.65)

Left uterine artery   0.95±0.31  
(0.50–1.55)

  0.96±0.30  
(0.44–1.59)

  0.92±0.30  
(0.45–1.55)

  0.87±0.31  
(0.37–1.62)

  0.90±0.27  
(0.40–1.59)

Data is presented as mean±SD (minimum-maximum), EDF = end-diastolic flow, PI = pulsatility index, UA = umbilical artery. aP < 0.05.
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previa (n = 7), preeclampsia and intrauterine growth 
restriction (n = 16) and preeclampsia and diabetes melli-
tus (n = 4). Sixty-seven women were receiving medications 
as primary treatment. Of these women, 18 were receiving 
alpha methyl dopa, 16 were receiving alpha methyl dopa 
and nifedipine, 17 were receiving ampicilline, nine were 
receiving nifedipine, four were receiving insulin and three 
were receiving ampicilline and insulin.

Fifty-two women with EDF in UA and 24 women with 
absent or reversed flow in UA were examined a total of 380 
times. In fetuses with EDF in UA, PI values in UA, ductus 
venosus and uterine arteries were found to be unaffected 
by the betamethasone administration when compared 
with the baseline levels (Table 1). However, the PI of MCA 
showed a statistically significant decrease on 24  h com-
pared with 0  h (Table 1, Figure 1A). This decrease con-
tinued on 48 h and 72 h and returned to levels observed 
before betamethasone administration.

In fetuses with absent or reversed EDF in UA, ductus 
venosus and uterine artery PI values showed no statis-
tically significant differences before and after antenatal 
glucocorticoid treatment (Table 2). In contrast, signifi-
cant decreases in PI were found in both MCA and UA 
at 24, 48 and 72  h when compared to the levels at 0  h 
(Table  2, Figures 1B and 2). Additionally, the adminis-
tration of maternal betamethasone was followed by a 
change from absent to positive, reversed to absent or 
from reversed to positive diastolic flow within 24 h in 19 
(79.2%) fetuses with absent or reversed UA EDF (Table 3). 
Four days after treatment, the alteration in UA returned 
to pretreatment baseline values or FVW represented 
further deterioration.

Discussion
In the present study, we evaluated the effects of antenatal 
betamethasone therapy on fetal and uteroplacental circu-
lation in pregnancies at risk of preterm delivery. One of the 
finding is that PI of MCA reduced significantly after 24 h of 
maternal betamethasone administration and maintained 
for up to 72 h irrespective of type of EDF in UA.

Impact of betamethasone on PI of MCA has been the 
subject of debate during the past decade. Some of the 
reports [3, 4, 10, 14–17] regarding MCA did not demonstrate 
any alteration in PI values following corticosteroid therapy 
and some others [5, 6, 8, 13, 18–20] were associated with a 
transient reduction. Senat and Ville [15] observed a reduc-
tion in MCA-PI of fetuses with intrauterine growth restric-
tion, which was not statistically significant. Edwards et al. 
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Figure 1: Pulsatility indices of MCA before (0 h) and 24, 48, 72 and 
96 h after betamethasone administration in pregnancies with posi-
tive EDF (A) and absent or reversed EDF (B) in umbilical artery.
EDF, end-diastolic flow; MCA, middle cerebral artery. The tops of 
the boxes represent the 75th percentile, the bottom of the boxes 
represent the 25th percentile and the lines in the middle represent 
the 50th percentile. The lower and upper horizontal bars outside the 
boxes represent 5th and 95th percentiles, respectively.

[8] and Müller et al. [13] reported the reduction in PI of the 
MCA 24 h after the first dose of betamethasone treatment. 
In their two studies, Piazze et al. [5, 18] found significantly 
lower PI after 72 h when compared with baseline values. 
A similar significant decrease in fetal MCA impedance at 
72  h after maternal betamethasone administration was 
also observed in healthy fetuses [6]. Moreover,  Wijnberger 
et al. [20] revealed a gradual increase in the UA-PI/MCA-PI 
ratio alongside with a decrease in the MCA-PI of fetuses 
with IUGR during the 14  days of observation. Previous 
studies that reported a reduction in MCA-PI after 24  h 
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Table 2: PI values before and after steroid administration in pregnancies with absent or reversed UA-EDF. 

 
 

Before betamethasone  
 

After betamethasone

0 24   48   72   96

Umbilical artery   2.7±0.54  
(1.60–3.35)

  2.35±0.54  
(1.42–3.26)a

  2.43±0.54  
(1.50–3.22)a

  2.50±0.55  
(1.48–3.29)a

  2.58 ± 0.51  
(1.51–3.26)

Middle cerebral artery   1.37±0.25  
(0.85–1.76)

  1.26±0.23  
(0.75–1.65)a

  1.25±0.23  
(0.73–1.62)a

  1.29±0.19  
(0.85–1.71)a

  1.31±0.21  
(0.85–1.76)

Ductus venosus   0.99±0.18  
(0.67–1.28)

  0.95±0.16  
(0.70–1.24)

  1.02±0.15  
(0.77–1.26)

  1.05±0.14  
(0.81–1.23)

  1.06±0.12  
(0.80–1.25)

Right uterine artery   1.70±0.74  
(0.59–3.12)

  1.75±0.81  
(0.65–3.25)

  1.82±0.78  
(0.62–3.21)

  1.74±0.79  
(0.67–3.15)

  1.83±0.78  
(0.75–3.17)

Left uterine artery   1.78±0.75  
(0.82–3.19)

  1.88±0.75  
(0.75–3.26)

  1.73±0.74  
(0.68–3.14)

  1.77±0.73  
(0.70–3.20)

  1.82±0.69  
(0.77–3.27)

Data is presented as mean±SD (minimum-maximum), PI = pulsatility index, UA-EDF = umbilical artery end-diastolic flow, aP < 0.05.
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Figure 2: Pulsatility indices of UA before (0 h) and 24, 48, 72 and 
96 h after betamethasone administration in pregnancies with 
absent or reversed EDF in UA.
EDF, End-diastolic flow; UA, umbilical artery. The tops of the boxes 
represent the 75th percentile, the bottom of the boxes represent 
the 25th percentile, and the lines in the middle represent the 50th 
percentile. The lower and upper horizontal bars outside the boxes 
represent 5th and 95th percentiles, respectively.

Table 3: UA-EDF alterations after betamethasone administration in 
fetuses with absent or reversed UA-EDF. 

  n   Absent EDF   Positive EDF   Rate of change (%)

Absent EDF   17   3   14   82.3
Reversed EDF   7   3   2   71.4

EDF = End-diastolic flow, UA = umbilical artery.

differ from our study in terms of study design. In this 
study, Doppler flows were evaluated with 24-h intervals 
after corticosteroid therapy, whereas this interval was 

48 h or even 72 h in others [5, 8, 19]. Therefore, a change in 
MCA-PI was identified later in those studies depending on 
the interval of Doppler examination.

It is possible that changes in the MCA-PI are a result of 
fetal cerebral blood flow redistribution. Different mecha-
nisms are thought to be responsible for the alterations in 
cerebral circulation after antenatal betamethasone admin-
istration. The most accepted theory is the relationship 
of corticosteroids with corticotropin-releasing hormone 
(CRH), which is a peptide hormone secreted by the hypo-
thalamus in response to stress. Exogenous administra-
tion of corticosteroids decreases CRH secretion from the 
hypothalamus, whereas they induce the synthesis and 
secretion of placental CRH [21]. Therefore, an increase of 
placental CRH secretion constitutes the main mechanism 
of betamethasone-dependent vasodilatation after the 
administration of corticosteroids [22]. Recent studies have 
also demonstrated that increased secretion of placental 
CRH induces synthesis of nitric oxide, a potent vasodila-
tor, by nitric oxide synthase enzyme in human placenta 
and fetal circulation [23, 24]. A decrease in MCA-PI could 
also result from the direct effect of corticosteroids on the 
fetal brain. It is known that the activation of the sleep 
center in pons via glucocorticoid receptor-mediated 
process has been associated with increased local perfu-
sion [25]. Another suggested steroid effect on fetal brain 
was the modification of vascular tonus [21]. At the same 
time, vasomotor factors are also stimulated by corticos-
teroid administration. Confirming these findings, experi-
mental studies carried out on sheep fetuses showed that 
steroids cause significant changes in fetal blood pressure, 
heart rate and blood volume [26].

Another finding of the present study is that ante-
natal corticosteroid administration is associated with a 
transient return of UA-EDF in a majority of pregnancies 
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with absent or reversed UA-EDF. Those visible changes 
on blood FVW are so significant as to cause a reduction 
in UA-PI values. A return of EDF in UA after 24 h of beta-
methasone injection was also observed in some studies 
[7–10, 13, 16, 27]. Wallace and Baker reported that beta-
methasone administration was associated with a return 
of EDF in 68% of pregnancies with absent UA-EDF [7]. 
This is similar to results reported by Robertson et al. [28], 
who observed a transient positive EDF in two-thirds of 
IUGR fetuses with absent or reversed EDF in UA. Nozaki 
et al. [11] and Thuring et al. [12] found a reduction in the 
UA-PI following betamethasone administration that was 
maintained up to 48 h. In the study of Edwards et al. [8], 
EDF was first observed at 4 h and persisted for 3 days in 
women with pregnancies complicated by absent UA-EDF. 
Although the mean duration of return of flow in diastole 
usually lasted 48–72 h, cases associated with this effect 
up to 10 days were also reported [9, 27]. Contrary to these 
studies, Wijnberger et al. [20] and Senat et al. [15] did not 
find any effect of betamethasone on PI of UA in growth-
restricted preterm fetuses. In either of the two studies, 
however, there were no pregnancies of absent or reversed 
UA-EDF.

The inability to show an alteration in placental 
vascular resistance of pregnancies with normal UA 
blood flow after betamethasone administration sup-
ports the existence of a different mechanism for placen-
tas associated with increased resistance. The proposed 
mechanism was based on the chronic arteriolar vasocon-
striction seen in placentas of fetuses with UA-EDF, which 
functions as a protective mechanism for the fetus [9]. In 
this theory, return of UA-EDF along with a decrease in 
MCA-PI suggesting that corticosteroid triggers a general 
fetoplacental vasodilatation especially in IUGR fetuses 
via mediators [8]. It is found that the placentas of fetuses 
with IUGR were relatively deficient in nitric oxide syn-
thase [29]. Accordingly, CRH-mediated stimulation of 
nitric oxide synthase is ineffective in normal vasculature 
but cause vasodilatation in vessels with nitric oxide syn-
thase deficiency.

It seems that pregnancies with absent UA-EDF that do 
not show a transient return in EDF have lost the ability 
to explore a vascular response to corticosteroids due to 
severe placental insufficiency. Robertson et  al. reported 
that neonates in whom there was persistent absent 
UA-EDF after betamethasone treatment were more likely 
to require ventilatory support than those neonates who 
had experienced a transient return of UA-EDF. They also 
stated that the outcomes were not affected by gestational 
age at birth and birthweight [28]. Simchen et al. [16] sug-
gested an association between the return of UA-EDF and 

improvement in gas exchange. These observations may 
be helpful in the fetal surveillance of pregnancies at high 
risk. However, it is not yet possible to say whether altera-
tion of fetoplacental vascular resistance by maternal beta-
methasone administration has beneficial effects on fetal 
prognosis.

In the present study, we found no significant changes 
in blood FVW in the PI of ductus venosus and uterine 
arteries following maternal betamethasone administra-
tion. The observation that PI of the ductus venosus and 
uterine arteries are not affected after betamethasone injec-
tion is in agreement with previous studies [8, 13]. The limi-
tation of our study is the possible impact of other factors, 
particularly medication. However, after hospitalization of 
women, all medical therapies were introduced before the 
first Doppler examination and continued during the eval-
uation. In addition, prior studies showed that a second 
course of corticosteroid therapy reproduced the FVW 
changes in UA [7]. Therefore, we believe that observed 
changes are likely to be the direct result of corticosteroid 
administration.

In conclusion, corticosteroids are found to have no 
considerable effect on fetuses with normal UA blood 
flow. However, flow in diastole significantly increases 
within the first few days after betamethasone adminis-
tration in fetuses with absent or reversed UA-EDF. For 
this reason, these findings are of value in the assess-
ment of fetal surveillance of pregnancies complicated by 
IUGR following betamethasone administration. Doppler 
examinations of fetal circulation for fetal surveillance 
should be measured before the administration of beta-
methasone in IUGR pregnancies with severely impaired 
fetoplacental blood flow. If fetal blood flows were evalu-
ated for the first time after betamethasone therapy, the 
clinician may be falsely reassured that fetal condition is 
improved with the return of UA-EDF. Therefore, if follow 
up of the fetuses with absent or reversed UA-EDF are 
not managed closely, delivery of these fetuses would be 
delayed. As a result, we suggest that evaluation of fetal 
well-being should be continued until disappearance of 
this corticosteroid effect.
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