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ABSTRACT

Background: Preterm birth is a leading cause of perinatal death and disability and is an important public health problem
globally. There is more work to be done regarding steroids effect, especially with the variations among demography
and pathological conditions affecting mothers. The aim of this study was to investigate the effect of dexamethasone on
healthy fetuses, observing the effects on MCA and UA Doppler velocity waveforms and cardiotocography, correlating
them with fetal movement.

Methods: This prospective cross-sectional study was conducted in Ain Shams University Maternity Hospital, starting
from April 2020 till December 2020. One hundred and ten women was recruited for the study. All women undergo
elective cesarean section before 39 weeks of gestation. UA and MCA Doppler values were taken; nonstress test was
recorded and fetal movements were counted after a single course of dexamethasone.

Results: Our results included decrease in MCA PI, decrease in foetal movement count on the second day of
dexamethasone injection, increase of short-term variability and direct correlation between the MCA RI and UA PI with
the fetal movements decrease on the 5™ day of dexamethasone injection.

Conclusions: There are definitely cardiovascular changes that occur after dexamethasone administration, presented by
increase in MCA blood flow and increase in FHR short term variability.
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INTRODUCTION Regarding regimens, single course regimen

Preterm birth occurs most commonly in economically low
communities. Therefore, corticosteroid therapy, could be
used as a measure of decreasing foetal morbidities and
mortalities while remaining relatively an inexpensive
method. It was found that the administration of certain
corticosteroids to women at risk of preterm delivery
reduces the risks of complications of prematurity such as
combined foetal and neonatal death, respiratory distress
syndrome, cerebroventricular haemorrhage, necrotizing
enterocolitis, systemic infections, and childhood
developmental delay. Benefits were found when treatment
was commenced between 26 and 35 weeks of gestation,
and for babies born 1-7 days after commencing treatment.*

considerably reassuring, while it is fairly evident that the
repeated courses relate to some harmful effects such as
increased sepsis in PPROM, restricted foetal body and
brain growth, adrenal suppression, and neonatal death.?

Along with the progress of such studies regarding
prematurity, came along a very important question about
the side effects of corticosteroids on the influenced foetus.

The investigation for this matter started shortly after the
conclusion made by Liggins and Howie.® Marsal and his
team worked on foetal breathing movements and
concluded no changes.* Katz et al worked with different
diagnostic modalities, and exploited cardiotocography and
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Doppler studies to detect changes.® These studies however
were concentrated on betamethasone.

While aforementioned studies explored intrauterine foetal
changes with corticosteroids influence, some other studies
observed the new-born foetuses and long-term effects on
children. It has to be emphasized that there has been a
considerable difference between the use of one course and
multiple courses. Doyle et al studied the effect on children
at age of 14 years old who were exposed to at least one
course of corticosteroid, and they concluded that there is
no apparent risk of an adverse neurodevelopment outcome
associated with antenatal corticosteroid use.® However,
Wapner et al found a reduction in birth weight and an
increase in small for gestational age infants, especially
after four courses of corticosteroids.”

METHODS
Study type, place, and period

This prospective cross-sectional study was conducted in
Ain Shams University Maternity Hospital, Egypt, from
April 2020 till December 2020.

Sample size calculation

MedCalc® version 12.3.0.0 program was used for
calculations of sample size, statistical calculator based on
95% confidence interval and power of the study 80% with
a error 5%, According to a previous study Jackson et al,
showed that the biophysical profile scores were reduced in
28% of the study population after betamethasone
administration (p<0.05).8 Amniotic fluid index on day 3
was decreased from baseline in 72% of patients after
betamethasone administration (p<0.05). Forty-four per
cent of patients reported a decrease in fetal movement. Of
these patients, 87% had a decreased amniotic fluid index
when compared to baseline (p<0.05). So it can be relied
upon in this study, based on this assumption, sample size
was calculated according to these values produced a
minimal samples size of 105 cases were enough to find
such a difference. Assuming a drop-out ratio of 5%, the
sample size will be 110 cases.

Selection criteria of the patients

One hundred and ten pregnant women were recruited for
this study, all pregnant women undergo elective cesarean
section before 39 weeks of gestation. Women who
previously received a corticosteroid course, women with
medical disorders which can compromise and alter
Doppler readings, such as diabetes mellitus or pregnancy
induced  hypertension, women  with  obstetric
complications, such as placenta previa or preterm
premature rupture of membranes, women with fetal
complications such as congenital anomalies or IUGR are
excluded from the study. Informed written consent was
obtained from all participants before recruitment in the
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study, and after explaining the purpose and procedures of
the study and possible risks.

Procedure

All women received dexamethasone sodium phosphate
ampoules (8 mg). The course was 3/4 ampoule (6 mg)
intramuscularly, every 12 hours, for 48 hours (4 does). All
women are followed for 6 days after dexamethasone
injection.

Day zero; UA and MCA Doppler values were taken;
nonstress test was recorded at the clinic. We used the
parameters of normal nonstress test of the American
College of Obstetricians and Gynecologists (ACOG
Practice Bulletin, 2014).° Participants were instructed to
start counting fetal movements as soon as they went home,
Sadovsky method was employed.’® 1%t dose of
dexamethasone was to be taken at 10 pm that day. Day 1;
women continue counting movement throughout the day,
2" dose dexamethasone was received at 10 am, and 3™
dose was received at 10 pm. Day 2; women continued
counting movement throughout the day, 4" dose was
received at 10 am. Day 3; women came to the clinic at 12
pm (which is considered more than 24 hours after last dose,
or 60 hours since the first dose), UA and MCA Doppler
values were taken, and nonstress test was recorded. Day 4,
5 and 6; Women continued counting movement
throughout the day.

Statistical analysis

The collected data was, tabulated, and statistically
analysed using SPSS program (Statistical Package for
Social Sciences) software version 20.0.

Descriptive statistics were done for numerical parametric
data as mean+SD (standard deviation) and minimum and
maximum of the range and for numerical nonparametric
data as median and 1% and 3" inter-quartile range, while
they were done for categorical data as number and
percentage.

Inferential analyses were done for quantitative variables
using independent t-test in cases of two independent
groups with parametric data and Mann Whitney U in cases
of two independent groups with non-parametric data.

Receiver operating characteristic (ROC curve) analysis
was used to find out the overall predictivity of parameter
in and to find out the best cut-off value with detection of
sensitivity and specificity at this cut-off value.

Inferential analyses were done for qualitative data using
Chi square test for independent groups. The level of
significance was taken at p value <0.050 as significant,
otherwise non-significant. The p value is a statistical
measure for the probability that the results observed in a
study could have occurred by chance.
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RESULTS

Table 1 shows that mean+SD of age was 29.0+3.2, of BMI
was 27.5+1.3, while that of GA was 38.3+1.2. Two thirds
of the studied cases were multiparous.

Table 1: Demographic characteristics of the studied
cases (N=110).

Mean+SD Range

Age (years) 29.0+3.2 22.0-39.0
BMI (kg/m?) 27.5+1.3 24.8-30.7
GA (weeks) 38.31£1.2 36.0-41.0
N %
o NuIIi_ 38 34.5
Multi 72 65.5

Table 2: Umbilical artery Rl among studied cases.

Time ~MeanSD Range _Pvalue |
Before 0.650.03 0.58-0.72 |
After 0.63+0.13 0.24-093 0241 |
Change  -0.01%0.12 -0.37-0.25 |

Total=110, change=After-before (negative values indicate
reduction), ~Paired t-test

Table 2 shows that umbilical artery RI did not show
statistically significant change after dexamethasone intake.

Table 3: Umbilical artery Pl among the studied cases.

Time Mean+SD Range P value |
Before 0.95+0.04 0.82-1.05 |
After 0.92+0.21 046-1.38 0126 |
Change -0.03+0.20 -0.49-0.50 |

Total=110, change=After-before (negative values indicate
reduction), “Paired t-test

Table 3 shows that umbilical artery Pl did not show
statistically significant change after dexamethasone intake.

Table 4: Middle cerebral artery Rl among the studied

cases.
Time Mean+SD Range P value _
Before 0.72+0.05  0.56-0.88 _
After 0.68+0.10  0.40-0.87 <0.001* |
Change -0.03+0.11  -0.30-0.14 |

Total=110, change=After-before (negative values indicate
reduction), *Paired t-test, *Significant

Table 4 show that middle cerebral artery Rl showed
statistically significant reduction after dexamethasone
intake.

Table 5 show that: middle cerebral artery Pl showed
statistically significant reduction after dexamethasone
intake.
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Table 5: Middle cerebral artery PI among the studied

cases
Time ~MeantSD  Range P value
Before  1.96+0.19 1.54-2.40 [
After 1.7120.28 1.11-2.44 <0.001* |
Change  -0.26+0.20  -0.70-0.22 |

Total=110, change=After-before (negative values indicate
reduction), “Paired t-test, *Significant

Table 6: Heart rate (beat/minute) among the studied

cases.
Mean+SD P value

Before 139.5+5.7 126.0-155.0

After 140.2+8.8 112.0-162.0 0.260

Change 0.746.1 -14.0-17.0

Total=110, change=After-before (negative values indicate
reduction), “Paired t-test

Table 6 shows that heart rate did not show statistically
significant change after dexamethasone intake.

Table 7: long term variability LTV (beats) among the
studied cases.

Time ~MeantSD  Range _Pvalue |
Before 4.2+0.6 3.0-5.0 |
After 4.240.7 2.0-5.0 0.672 |
Change 0.0+0.4 -2.0-1.0 |

Total=110, change=After-before (negative values indicate
reduction), Paired t-test

Table 7 shows that long term variability (LTV) did not
show statistically significant change after dexamethasone
intake.

Table 8: Fetal movements among the studied cases.

Time ~MeantSD Range P value
Before 11.9+0.7 10.0-130 -
Day 1 Level  11.840.9 9.0-13.0 0.184

Change -0.1+1.1 -3.0-2.0

Level 10.9+0.9 8.0-14.0 x
Day2 “change -10:11 3020 0001

Level 11.8+0.8  10.0-14.0
Day3 “change -0.1+1.0 3030 000

Level 11.9+0.8  10.0-14.0
Day4 “change 0011 3030 0%

Level 11.9+0.9  9.0-14.0
Day® “Change 0011  -4030  C°7°

Day 6 Level 11.8+0.8 10.0-14.0 0.350

Change -0.1+1.1 -3.0-3.0
Total=110, change=After-before (negative values indicate
reduction), ~Paired t-test, *Significant

Table 8 shows that fetal movements did not show
statistically significant change after dexamethasone intake
except significant reduction at day 2.
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DISCUSSION

Our study comes out with similar conclusions to many
others, specifically the MCA PI, STV and foetal
movements. It should be emphasized that for further care
in our study to eliminate any bias, we chose women who
almost had no risks on their foetuses.

We had the following outcome: decrease in MCA PI,
decrease in foetal movement count on the second day,
increase in short term variability, direct correlation
between the short-term variability and gestational age
(coincidental finding).

To complete the diagnostic modalities, Senat et al studied
the effect of dexamethasone on Doppler velocity
waveforms.t

Baud et al retrospectively analysed 883 live born infants
and found that dexamethasone is associated with increased
risk of periventricular leukomalacia, even more than
mothers who didn’t receive steroids during pregnancy.*?

The prospective diagnostic modalities used in these studies
have been long known for being the principal indicator for
foetal wellbeing.

For instance, the use of Doppler studies in the 60’s has
evolved to be one of the hallmarks of calculating the flow
of blood in foetal circulation. The work of Rushmer and
Baker lead these studies.®® It has become an indicator for
the well-being of foetus; therefore, it was used extensively
in the search for steroid effects.

Chitrit et al made a study of 26 women, whom were in risk,
including premature contractions, pre-eclampsia, and
small for gestational age foetuses, placenta previa,
intrahepatic cholestasis, PPROM and polyhydramnios.
The dose varied from our study, as it was 4 mg for 6 doses,
not 8 mg for 4 doses.'* Chitrit et al followed Doppler
measurements for 1 week, at 0 hour, 48 hours, 96 hours,
and 168 hours.** They had a significant drop in the MCA
Pl after 4 days of 0.28 and a p value <0.001, and no
significant changes were found in UA PI values. In our
study, we followed up foetuses between the 60™ and the
72" hour, but not on the 96™ hour, and still we have
experienced this MCA PI drop, with a mean difference of
0.23. Which contrasts with our study.

Similarly, Urban et al conducted a study with 67 women at
risk of preterm labour, as a comparison between
dexamethasone and betamethasone.*® Thirty-four women
received dexamethasone, but received the same dose as in
our study, which is a 6 mg, 4 doses course. Follow up was
done at 0, 24 and 72 hours from first dose, and the team
recorded a drop in the MCA PI values of 0.32 from the
mean MCA PI after 72 hours, with a p value of 0.0001. No
significant change could be observed in the umbilical
artery Doppler values. It is worth mentioning that 18 of the
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34 women received tocolytics, which contrasts with our
study.

The only study which didn’t record a significant decrease
in the MCA PI was conducted by Senat and Ville, but it
was conducted solely on growth retarded foetuses.®
However, the team stated, that nonetheless, there was a
decrease recorded, but it wasn’t significant enough.

Senat and Ville proclaimed that the decrease continued for
days, even after the course was stopped, between 96 and
168 hours.!® This might be explained by the blood
redistribution because of the growth retardation, according
to their analysis.

Apparently, our study had the same results in relation to
Doppler values. But maybe it asserts the previous findings,
especially that there aren’t many studies about the Doppler
changes with dexamethasone in particular. Perhaps
through this mode of diagnosis, an early indicator for
periventricular leukomalacia could be formulated, since
Fukuda et al proved, that these cases have a decrease in
cerebral blood flow velocity.’

Regarding the FHR pattern, we had a limitation which is
the absence of CTG computerized numerical analysis. This
fact rendered the reliance on visual interpretation of
cardiotocography, and the presentation of some data in a
qualitative manner, subjective. We used the format of 20
minutes as a unified time frame for all CTG traces.
However, even with these limitations, our results were still
in the proximity of other teams’ works.

Except for Subtil et al and Magee et al, all other studies,
like ours, found no significant changes in baseline foetal
heart rate.®1° These two studies didn’t have different
methods, only one of them had assigned data differently.
Magee et al data had been presented differently, since they
had 2 groups: one for dexamethasone and one for
betamethasone.® Strikingly, each group on its own didn’t
show significant decrease in foetal heart rate. But
combining them together, gave a solid decrease at the 24™
hour with a p<0.0001. Subtil et al made similar
comparison between groups, but they were 3 groups.® One
group was given betamethasone acetate and phosphate,
one was given betamethasone phosphate only, and the last
was given dexamethasone. They conclude that the results
were similar for the 3 groups.

They stated significant decrease in foetal heart rate at 32
hours, but also an increase at 80 hours, making it the only
study that recorded a significant increase in foetal heart
rate in consequence to dexamethasone administration.

In our study, we also recorded an increase in the baseline
foetal heart rate, but it failed to produce a statistical
significance.

Regarding the FHR variability, the studies vary greatly.
Senat et al and Mushkat et al found no change in FHR
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variability.!2 Mushkat et al used visual interpretation of
CTG strips, in contrast to all other work teams.?° Senat et
al study was a comparison between dexamethasone and
betamethasone and concluded there were no changes in
FHR variability in contrast to a significant decrease with
betamethasone.!

Multon et al conducted a study on growth retarded foetuses
only, and still found no change with dexamethasone, or
with betamethasone regarding FHR variability.?

In the other hand, the first 3 studies from 1994 to 1997 on
Dexamethasone concluded an actual increase in the FHR
STV. Dawes concluded that dexamethasone
administration normally causes a rise in foetal heart rate
variation for up to a day.?? This rise is reduced in
preeclampsia or intrauterine growth retardation, associated
with a reduction in umbilical flow, perhaps because of a
consequential lower concentration of steroid in the foetus.

Magee et al, like the baseline results, had to combine both
steroids into one group to show significance in increased
FHR STV.Y Interestingly, Magee et al attributed the
increase in STV to the time of CTG recording.’® They
mentioned Dawes and Derks et al studies for
comparison.?22® The patients described by Dawes received
steroids first thing in the morning and had traces repeated
at the same time on subsequent days; short term variation
was found to be increased on day one, as confirmed in this
trial.?

In contrast, Derks et al administered steroid at 18:00 hours
and then performed CTG traces between 10:00 hours and
16:00 hours on subsequent days; the short-term variation
was found to be significantly decreased by day two.?
Although Derks et al said that there was a downward trend
on day one, it is possible that the peak in short term
variation may have been missed because of the transient
nature of the phenomenon and the timing of the traces.? It
is important to mention, that Derks et al study was on
betamethasone only.?

Rotmensch et al recorded totally different results.?* They
concluded a decrease in FHR STV on day 2, 48 hours after
first dose. Rotmensch et al believed the cause of increased
FHR variability in Dawes’s study is the fact that 75% of
the foetuses in the study were delivered by cesarean
sections, as a consequence for foetal distress, indicating
that they had been originally sensitive when steroids were
administered.?22

Similarly, Subtil et al, concluded results that also go with
Mulder et al analysis.’32® They recorded an increase at 8
hours, and a decrease on the 56" and 80™ hours. As a result,
their study fell at equal distances between studies, and
believed they made the conclusion in this area of FHR
variability. But they on the other hand believe that the
effects of betamethasone and dexamethasone are identical.

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

Regarding FHR LTV, only Magee et al recorded a
significant decrease when combined the 2 groups.® This
may be explained by the repetition of the finding of
decreased FHR LTV among studies of betamethasone.

Regarding accelerations, only Subtil et al and Rotmensch
et al recorded a change in the acceleration number.824 On
the second day, both studies recorded a significant
decrease in the number of accelerations.

As regards to our study, unfortunately this is where we had
our limitation, with the absence of CTG computerized
numerical analysis. In our study, we could only document
CTG changes if they were strikingly significant, as we
relied on visual interpretation. In our results, we have not
recorded any changes in FHR LTV, nor in accelerations,
but there were 7 women with marked FHR STV patterns
riddling their traces. These results coincide with previous
studies that concluded increase in FHR STV, although our
finding was around the 60" hour; yet we didn’t document
an earlier change because of our study design. There might
have been a numerical increase in the FHR STV in other
women, but we documented the increase which marked a
categorical difference (being defined as marked variability
after being a moderate one). There is not a clear
explanation for the discrepancy between our result and
other studies’ results. It could be validly argued, that with
an increased sample size, the results might have differed
since we had to use a non-parametric test for this variable,
because of the absence of computerized numerical
analysis.

The change in foetal count in most studies was absent.
Except for Rotmensch et al and Magee et al, ho other teams
recorded a significant difference.’®* Magee et al
documented decrease in the first day relying on maternal
perception during CTG recording, while Rotmensch et al
documented it around the second day relying on live
ultrasonography guided foetal movement counting which
contrasts with our study.%:2

Our study design was different, since we relied on foetal
counts all day long, but not as a total continuous count, but
in 3 groups with a limit of 4 counts per group, as in the
Sadovsky method. Despite this method being different, a
significant decrease was recorded on the 2" day,
confirming Rotmensch et al finding.?* The decrease
nonetheless had no statistical correlation with any other
parameters. We believe the decrease in the foetal
movements is because of the presence of GR receptors in
the raphe nuclei and the locus coeruleus, which play a role
in the motor activity in the third trimester foetus, as Jacobs
described.?®

There are some limitations of the study. It remains a matter
of conjecture whether the maternal subjections of foetal
movements are true or not. The decrease on the second day
might be of psychological effect, since women were told
there will be a change in movements. We have no solid
theory whether the use of the same methods used in the
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previous studies would have given different numbers or
not. Our method couldn’t have excluded foetal sleep
cycles. It must be noted that the decrease in the foetal count
was statistically significant, but not clinically significant,
as the total number was all around more than 10
movements per day, according to Pearson and Weaver.?

CONCLUSION

We conclude from the study, that there are definitely
cardiovascular changes that occur after dexamethasone
administration, presented by increase in MCA blood flow
and increase in FHR short term variability. However, these
changes could not be strongly correlated with the
decreased maternal perception of changes in foetal
movements. Further studies should be done to detect more
intricately the cardiovascular changes caused by
dexamethasone.
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