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ABSTRACT

Background: Early detection of fetal risk is one of the main issues in today's obstetrics. Ultrasound diagnosis plays a
significant role, as the introduction of the Doppler imaging method in the evaluation of blood flow has enabled non-
invasive assessment of uteroplacental circulation.

Objective: To assess the impact of maternal dexamethasone on doppler waveforms velocity flow of the fetal umbilical
and middle cerebral arteries and maternal uterine arteries in pregnant women at risk of preterm labor with normal fetal
vascular resistance.

Patients and methods: This cross-sectional study was conducted at the Department of Obstetrics and Gynecology at
Menoufia University hospital on 36 patients who were diagnosed as having threatened preterm birth. All the patients
were enrolled in the study with routine follow up according to local protocols in the period between January 2019 and
November 2019. Full history taking, full general, obstetric examination, and Ultrasound examination was performed.
Results: After dexamethasone administration, Umbilical A resistive and Pulsatility indexes were significantly
decreased to (1.084 + 0.118 and 0.66 + 0.054) in comparison to before dexamethasone (1.121+0.124 and 0.70+0.058).
Regarding the Uterine Doppler values, mean Pulsatility index before dexamethasone was 0.79+0.049 (right) and 0.78
+0.038 (left) decreased significantly to 0.78+0.044 (right) and 0.77+£0.036 (left) after dexamethasone. Similarly, the
mean Resistive index before dexamethasone was 0.55+0.027 (right) and 0.54+0.026 (left) decreased significantly to
0.53+0.023 (for right and left) after dexamethasone.

Conclusions: dexamethasone administration for the pregnant mothers at risk of preterm labor enhance the flow of blood

to the fetal umbilical, middle cerebral arteries and maternal uterine arteries 24 hrs. after its administration.
Keywords: Antenatal, Dexamethasone, Doppler waveforms, Fetal Health, Preterm Birth, Uteroplacental.

INTRODUCTION

Artificial corticosteroids have been successfully
used for more than 20 years to promote the maturity of
the fetal lung in situations where early birth is expected
(), Maternal administration of artificial corticosteroids
(betamethasone or dexamethasone), decreases newborn
deaths,  syndrome  of  respiratory  distress,
intraventricular ~ hemorrhage, and  necrotizing
enterocolitis in preterm infants @, Serious side-effects
on the neonate have not been described when prenatal
treatment has been administered during the second half
of pregnancy ©. However, a transient decrease in fetal
heart rate, fetal body movements, and Respiratory
movements was  confirmed after  maternal
betamethasone administration . Biophysical activities
monitoring is a powerful tool known for assessing fetal
health. Studies presented initial evidence that antenatal
steroids to improve the maturity of the fetal lung may
lead to transient depression of biophysical activities of
the fetus ©. Indeed, conflicting results have been
reported regarding the effects of betamethasone and
dexamethasone on the fetal heart pattern @. Lately,
Miller found that betamethasone and dexamethasone
were accompanied by an increase in the long term and
short-term variability and a decrease in the movements
of the fetus on the first day after steroid administration
followed by a decrease in heart rate variability of the

fetus in the following day ©. Conversely, another trial
described a transient decrease in fluctuations of the
fetal heart rate, fetal body, and respiratory movements
after betamethasone, while still noting. On the first day
after dexamethasone fetal heart rate fluctuations were
increased ). These effects were more pronounced with
betamethasone than dexamethasone ©.

Alteration of fetal heart rate characteristics was
first recognized in 1995 ©. It has been determined that,
in more than a third of the examined fetuses,
computerized fetal heart rate variation fell below the
normal range, and this may indicate fetal hypoxemia
(19, Fetal health assessment with doppler waveform
studies after maternal corticosteroid administration
could therefore be considered important @. However,
knowledge of the different fetal hemodynamic effects
after exogenous corticosteroids is limited @V,

Another way to assess a fetus's condition is to
measure the Doppler flow velocity of the umbilical
artery and MCA of the fetus. This technique may be
useful in specifying a fetus at risk and can be of clinical
value in the differential diagnosis between changes
caused by therapy in the biophysical behavior of the
fetus and that of the fetal compromise “?. Moreover
antenatal administration of corticosteroids, given to
accelerate the maturity of fetal lung and improve
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perinatal outcome in pregnancies at risk of preterm
birth, also increase secretion of corticotrophin-
releasing hormone (CRH) which is a potent vasodilator
of the fetal placental circulation and up-regulate the
placental expression of it providing the possibility that
corticosteroid therapy can change the blood flow of
placental ™.

The present study aimed to assess the changes in
fetal and uteroplacental Doppler waveforms after
antenatal dexamethasone administration in women at
risk of spontaneous preterm birth.

SUBJECTS AND METHODS

This cross-sectional study was conducted at the
Obstetrics and Gynecology Department, Menoufia
University Hospital from January 2019 to November
2019 after approval of the ethical committee of
Menoufia Faculty of Medicine. The study included 36
women who were at risk of premature birth with
uncomplicated singleton pregnancies between 24 and
34 weeks of pregnancy.

Ethical consideration: After obtaining approval
from the local ethics committee of Menoufia
University, women who agreed to participate gave
their signed informed consent after the explanation of
the trial benefits and hazards. All procedures were
carried out following the ethical standards of the
institutional and/or national research committee and
with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. The trial
was registered with the local ethics committee of the
Faculty of Medicine, Menoufia University
(Registration number: 11/20190BSGN 27).

Inclusion criteria:

The study included 36 women who were at risk of
premature birth with uncomplicated singleton
pregnancies between 24 and 34 weeks of pregnancy.

Exclusion criteria:

Patients with  underlying medical illness,
contraindication of corticosteroids administration,
pregnancies with infants with major structural
malformations, cases with Rh-negative mothers with a
history of synthetization or positive Comb's test or
other cases of documented fetal anemia, preeclamptic
and diabetic mother were excluded.

Sample size: was calculated using PASS 11.0 and
based on the expected mean difference for UA PI ratio
of 0.04 between pre and post dexamethasone
administration. (13) Assuming = 0.05 (standard value
of 1.96), we calculated that we would need 36 pre-term
patients to achieve a power of 80% (0.8).

At the time of Preliminary examination, all pregnant
women had normal uteroplacental blood flow and at
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risk of preterm labor including prior preterm labor,
preterm premature rupture of membrane, increase
amniotic fluid, placenta previa, third trimester
bleeding, and the previous history of uterine rupture or
hysterotomy.

All cases were subjected to the following:

Complete history taking including personal history of
mother: Name, age, residence, occupation, social,
marital status and special habits of medical importance
particularly smoking, alcohol intake or drug abuse, past
history of medical problems, mode of delivery,
gestational age by date and first trimetric
ultrasonography and any medical problems or drug-
taking during this pregnancy.

Past obstetric history including previous preterm labor,
previous D &C, previous sections, previous uterine
operations, complications in previous pregnancies, and
during cesarean section.

Complete general examination: including vital signs,
chest, cardiac, lower limbs, upper limbs, and breast
examinations.

Abdominal examination:

Inspection: looking for fetal movement, scars
of the previous Operation, any stria gravidarum or line
anigra, and for evaluation of the uterus shape and
observation of asymmetry. Palpation: assessment of
fundal level. Auscultation: fetal heart auscultation.

Ultrasound examination using 2D grayscale
and color Doppler (IBE Sonata plus ultrasound
systems) via transabdominal approach the examination
was done in supine slightly left lateral oblique position
during the examination to avoid hypotension, fetal
biometry was done including abdominal circumference
(AC), femur length (FL), head circumference (HC), and
biparietal diameter (BPD). Estimated fetal weight was
calculated according to Hadlock formulas.
Furthermore, amniotic fluid volume, placental grade,
and Complete anomaly scan was done to exclude any
structural abnormalities. Biophysical Profile Before
Doppler assessment including  Ultrasonography
observations for fetal behavior for 30 minutes taking
into consideration fetal tone, limb and breathing
movements, and amniotic fluid index @4,

All pregnancies received steroid treatment in
form of four consecutive doses of 6mg of intramuscular
dexamethasone (Dexamethasone 8 ml, Sigma) 12 hours
apart. The evaluation was done before and 24h after
completion of the dexamethasone course by using a
real-time ultrasound machine (IBE Sonata plus
ultrasound systems) equipped with a convex linear 3—
5MHz vector transducer with pulsed and color doppler
options was used on the umbilical artery (UA), fetal
(MCA) and maternal uterine arteries according to
Marchi et al. @,
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Doppler's technique: In all Doppler measures, the
angle of insonation should ideally be less than 30 ° near
0. The sweeping speed is 2.5 cm / s and the frequency
of the pulse frequency range was from 3.5 to 5.5 kHz.
Doppler spectrum recording during maternal voluntary
apnea 19, Doppler flow velocity waveforms (FVW)
studies were done with pulsed-wave Doppler after real-
time color flow localization of the umbilical artery,
Middle cerebral artery, and uterine artery ¢7.

Umbilical Artery Doppler: The uterine contents are

quickly scanned by the real-time ultrasound to select an
area of the amniotic cavity with several loops of the
umbilical cord, (Figure 1a). Ideally, these cord loops
should not be close to the cord insertion.'® Then using
the Doppler pulsed-wave on a free loop of cord the
distinctive sound and form of the umbilical artery
waveform was demonstrated and the captured image
was identified, (RI), (PI) were evaluated. An average of
at least 3 separated readings will be calculated before
getting the final values.

Fig. (1a): Doppler waveform of the umbilical artery. The uterine contents are quickly scanned by the real-time
ultrasound to select an area of the amniotic cavity with several loops of the umbilical cord.

The Middle Cerebral Artery: The standard plane is visualized to measure the diameter of the biparietal bone. This
plane involves the hypothalamus and the cave of septum pellucidum, (Figure 1b) 9. The transducer was then moved
towards the base of the skull at the level of the sphenoid bone (lower wing). Using imaging of color flow, the middle
cerebral artery was seen as the main side branch of Willis circle, locating laterally in the borderline between the

anterior and middle brain fossa.

Fig. (1b): Doppler waveform of MCA. The standard plane is visualized to measure the diameter of the biparietal
bone. This plane involves the hypothalamus and the cave of the septum pellucidum.
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The pulsed Doppler sample gate was then positioned on the proximal third of the MCA, close to its origin in the
internal carotid artery to get flow velocity waveforms @9, when the screen appeared with at least 3 sequential
waveforms of the same height, the image was taken and MCA RI and PI were evaluated. At least 3 detached readings
were calculated before the final values were received, caution must be taken for applying the minimum pressure on
the mother's abdomen with the transducer, as the pressure on the fetal head is related to changes in intracranial arterial
waveforms in normal gestations the diastolic component of the cerebral arteries is less than the umbilical arteries at
any age of the pregnancy. So, the resistance of cerebral vascular remains higher than that of the placenta.

The Uterine Arteries: to localize the Uterine artery. The probe is placed longitudinally and angled medially in the
lower lateral quadrant of the abdomen. Color flow mapping was useful to identify the left and right uterine arteries at
the apparent cross over the external iliac artery. The sample gate was set at 2 mm, and measurements were taken 1cm
distal to the site of crossing Doppler is used to obtain the waveforms, when at least three similar consecutive
waveforms are obtained (Figure 1c) @V,

Fig. (1c): Doppler waveform of Uterine a. The sample gate was set at 2 mm, and measurements were taken 1cm distal
to the site of crossing Doppler is used to obtain the waveforms, when at least three similar consecutive waveforms
are obtained.

Statistical analyses

Results were scheduled and analyzed statistically
using a PC and programs of MICROSOFT EXCEL
2016 and SPSS v. 21 (SPSS Inc., Chicago, IL, USA.
Statistical analysis was done using Descriptive: e.g.
percentage (%), mean, and standard deviation.
Analytical: that involves Paired t-test. A value of P
less than 0.05 was considered statistically significant.

RESULTS

In the present study, the mean age of the studied
women was 24.58 + 4.12 years, mean systolic and
diastolic blood pressure was 115.0£16.73 and
76.67£10.82 respectively. While the mean
gestational age was found to be 28.14 + 2.97 weeks
at examination and 31.58+2.79 at delivery. Regarding
Ultrasound findings mean Femur length and
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Biparietal diameter was 5.26 + 0.78 and 6.98 + 0.76
respectively, mean head circumference
25.83+2.67mm, mean abdominal circumference was
23.36£2.24 mm, and mean fetal weight was
1256.44+440.42 gm. The current study showed that
18 neonates (50%) had Referral to PCU, 22 neonates
(61.1%) had a 1-minute APGAR score <7 and 14
(38.9%) had 5 minutes APGAR score <7, more than
half (58.3%) of neonates were females. Also, birth
weight was in the range from 980-2618 gm with a
mean of 1715.67 + 432.88. Also, the current study
shows that Gestational age was significantly
increased at delivery (31.58 + 2.79 wks.) than at
examination (28.14 + 2.97 wks.) with p-value <0.001
(Table 1).
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Table (1): Descriptive analysis of the studied cases regarding maternal and neonatal characteristics and Ultrasound
findings (n=36)

Maternal characteristics Min. — Max. Mean + SD. Median (IQR)

Age (years) 18.0-34.0 2458 +4.12 24.0 (21.50 — 28.0)

Parity 0.0-5.0 2.08 +1.27 2.0(1.0 - 3.0)

Blood pressure

Systolic 90.0 — 140.0 115.0 + 16.73 115.0(100.0-130.0)

Diastolic 60.0 - 95.0 76.67 £ 10.82 77.50(67.50 —87.50)

Gestational age

At examination 24.0 - 33.0 28.14 £ 2.97 28.50(25.50 —-30.0)

At delivery 26.0 - 36.0 3158+ 2.79 32.0(30.0 -34.0)

Ultrasound findings

Femur length 4.06 — 6.89 5.26+0.78 5.16(4.56-5.76)

Biparietal diameter 5.45-8.22 6.98 +0.76 7.20(6.27-7.54)

Head circumference 21.56 — 30.96 25.83 + 2.67 26.10(23.22-27.39)

Abdominal circumference 18.79 — 26.89 23.36 £2.24 23.97(21.19-24.72)

Fetal weight in gm 645.0 — 2162.0 1256.44 + 440.42 1223.5(795.5-1595.0)

Biophysical score 6.0-8.0 7.78 £0.64 8.0(8.0-8.0)

Neonatal characteristics Min. — Max. Mean + SD. Median (IQR)

Birth weight 980.0 — 2618.0 1715.67 + 432.88 1698.5(1319.5-2080.5)

Gestational age Min. — Max. Mean + SD. Median (IQR)
At examination 24.0 - 33.0 28.14 + 2.97 28.50(25.50 —30.0)

At delivery 26.0-36.0 3158+ 2.79 32.0(30.0 -34.0)

Referral to PCU 18 (50.0%)

1-minute APGAR score <7 22 (61.1%)

5 minutes APGAR score <7 14 (38.9%)

Gender

Male 15 (41.7%)

Female 21 (58.350

Our study evaluated that there was a significant decrease after dexamethasone taking in the UAPI value (from
1.121+0.124 to 1.084+0.118). Similarly, significant changes in the mean values of umbilical A Rl in comparison to
its value before dexamethasone administration (from 0.70+ 0.058 to 0.66 + 0.054). There was a significant decrease
after taking dexamethasone in the MCA PI (from 2.04 + 0.162 to 1.98 + 0.171), with a significant change in MCA RI

(Table 2).

Table (2): Umbilical A and fetal MCA before and after dexamethasone administration (n=36).

Before 24 After Paired P_value
dexamethasone dexamethasone t-test
Pl
Mean * SD. 1.121 £0.124 1.084 £ 0.118 -
Min. — Max. 0.81 -1.47 0.78-1.43 4.16 0.012
Umbilical Median (IQR) 1.12(1.09 — 1.16) 1.09(1.03 - 1.13)
A RI
Mean + SD. 0.70+ 0.058 0.66 + 0.054 *
Min. — Max. 0.550.82 0.530.80 3.72 0.035
Median (IQR) 0.69(0.66 — 0.73) 0.65(0.63 — 0.68)
Pl
Mean + SD. 2.04 +0.162 1.98 +0.171 «
Min. — Max. 152-221 1.50-2.18 3.95 0.027
Fetal MCA IF\Q/IIedlan (IQR) 2.09(1.90-2.18) 2.05(1.86-2.15)
Mean + SD. 0.81 +0.040 0.79+0.033 *
Min. — Max. 0.70-0.89 0.70-0.88 1.98 0.042
Median (IQR) 0.81(0.81-0.85) 0.80(0.80-0.85)

Pulsatility index (P1), Resistive index (RI), * significant

Regarding the Uterine artery Doppler values, there were significant changes in the Pulsatility index and
Resistive index before dexamethasone and 24 after dexamethasone. Mean Pulsatility index before dexamethasone
was 0.79 + 0.049 (right) and 0.78 + 0.038 (left) decreased to 0.78 £ 0.044 (right) and 0.77 + 0.036 (left) at 24 after
dexamethasone. Also, mean Resistive index before dexamethasone was 0.55 £ 0.027 (right) and 0.54 + 0.026 (left)
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decreased to 0.53 £ 0.023 (for right and left) at 24 after dexamethasone, (Table 3).
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Table (3): Uterine A before and after dexamethasone administration (n=36).

Uterine A Before 24 After Paired b_value
dexamethasone dexamethasone t-test

E/;g:r: . 0.79 +0.049 0.78 +0.044

Min —_Max. 0.71-0.91 0.69 —0.89 3.84 0.029*
Pulsatility Median (IQR) 0.78(0.76 — 0.80) 0.77(0.76 — 0.79)
index (P1) WA 0.78 +0.038 0.77 +0.036

Min —_Max. 0.72-0.91 0.71-0.90 3.292* 0.035*

Median (I0R) 0.78(0.76 —0.79)  0.77(0.75—0.79)

Right

Mean + SD. 0.55 +0.027 0.53+0.023

Min. — Max. 0.50-0.60 0.50 -0.59 3.084* 0.037*
Resistive Median (IQR)  [0.55(0.52 —0.57)  0.54(0.52 — 0.55)
index (RI) Left

Mean + SD. 0.54 +0.026 0.53+0.023

Min. — Max. 0.50 -0.59 0.50-0.58 2.165% 0.040%

Median (IQR)  [0.54(0.52 —0.55)  [0.53(0.51 — 0.55)

* Highly significant

DISCUSSION

Fetal (MCA PI/RI and UMA PI/RI) and maternal
uterine arteries Doppler is a valuable diagnostic method
in the evaluation of fetus’s circulation. The current
prospective observational study was designed to
evaluate and compare fetal Doppler indices in the form
of MCA PI/RI, UMA PI/RI, and maternal uterine arteries
before and 24 hrs. after corticosteroid administration in
a group of pregnant women at risk of preterm birth with
gestational age between 24 to 34 weeks aiming to
determine if corticosteroids administration has any effect
on doppler indices or not. In the current study, umbilical
artery Doppler indices showed a statistically significant
decrease after 24 hours of taking dexamethasone. In
agreement with our results, Wallace and Baker®? study
found a relationship between decreased placental
vascular resistance and corticosteroid therapy as
reflected by the waveforms obtained from the umbilical
artery. The study of Nozaki et al. @), agreed with our
study who found a decrease in the Pl umbilical artery
through 24 hours after parenteral corticosteroid
treatment. Two studies on premature growth-restricted
fetuses disagreed with our study showed that no impacts
on Pl in the umbilical artery. This may be because of the
difference in the study population as they involved
pregnant women with IUGR only, whereas our study
involved all women who had a risk of early delivery. The
distribution of blood vessels in blood flow in IUGR
differs compared to normal growth fetuses © 23,

The middle cerebral artery was examined also in
our study before and 24hrs after taking dexamethasone.
MCA Doppler indices decreased after therapy. The same
results with those of Chitrit et al. @, which fetal MCA
Pl and RI had a significantly transient decrease after
maternal dexamethasone administration. However,
some studies differ with our outcomes but their study
was on growth-restricted preterm fetuses where there
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was no impact found on P1 in the fetal MCA @24,

The two studies, by Senat and Ville ® and
Tehrani et al. @, reported that fetal circulation was
studied for up to 14 days, pointing to the placenta
insufficiency which may not have been severe enough to
indicate premature birth. Furthermore, Senat and Ville in
2000 examined the impact of steroids on blood flow
forms in IUGR fetuses, and no significant changes in Pl
and RI values were found in different vessels after the
course of dexamethasone. However, the MCA PI
showed a downtrend during the course and after stopping
treatment. The change of its value can be explained by
either the physiological deficiency of resistance in the
brain of the fetus with the pregnancy predicted to be
more pronounced in IUGR fetuses or the early mark of a
redistribution of the flow of blood.

There was a statistically significant decrease in
uterine artery Doppler Indices after 24 hrs. of taking
dexamethasone in the current study. These results are
consistent with the published data by Chitrit et al. @,
who noticed a significant transient decrease in the artery
of uterine Pl and RI after giving mothers dexamethasone
in a healthy fetus. Also, Wallace and Baker??, found
that there is an association between dexamethasone
administration and a decrease in wave velocity of uterine
artery flow in their study. However, Thuring et al. ©,
reported that there was no significant effect of
corticosteroid treatment on Doppler indices in the
uterine circulation in pregnancies with preterm
premature birth. Although the moral mechanisms that
illustrate a transient change in Doppler indices after
giving maternal dexamethasone still unclear, there are
some explanations such as El Snosy et al. *® changes in
blood flow to the fetal brain are unlikely to occur after
dexamethasone treatment due to constriction of the
ductus arteriosus. But also there is a central role of
steroids through the circulatory mechanisms mostly fetal
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hypertension may occur mentioned by Koenen et al. ?®),
Also, there is placenta secretion of the hormone-
secreting corticosteroids that causes vasodilation @
There is an increase in blood pressure of the fetus which
might explain the improved fetal perfusion. Also, a
decrease in placenta resistance as a result of vasodilation
by nitric oxide due to the increased secretion of the
hormone secretion corticotropin is another indication. It
was more likely to be useful in predicting the result of
dexamethasone administration as Doppler data that
combines the measurement of umbilical, cerebral, and
uterine speed reflects that there is no evidence that these
effects on the flow of blood are harmful to the fetus, but
the most worrisome is data indicating a neurotoxic effect
of dexamethasone 9,

Limitations of this study were Neonatal outcome
was not assessed accurately because the PH of the
umbilical artery was not measured after delivery due to
reduced facilities in our hospital, so we only relied on the
Apgar score. Also, a larger sample size was needed to be
able to match Doppler results with gestational age. This
study does not determine whether Dexamethasone is
better than other steroids for the prevention of
prematurity complications. Also, caution must be
practiced especially with repeated courses.

CONCLUSION

Finally, we conclude that giving dexamethasone to
pregnant women at risk of preterm labor enhances the
flow of blood in the fetal umbilical and middle cerebral
arteries and maternal uterine arteries after 24 hours of its
administration.
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