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Abstract

Objectives: The present study aimed at reviewing the existing literature on the effects of maternal corticosteroid administration on
pulsatility index (PI) values in the umbilical artery and middle cerebral artery (MCA).

Materials and Methods: The search for relevant materials on “evaluating the effect of corticosteroids on fetal circulation” included
the following databases: PubMed, Scopus, Cochrane Library, ISI Web of Science, Proquest, Google Scholar, EMBASE, and Iranian
Databases of Magiran, Iran Medex, Barakat knowledge network system, Scientific Information Database, Iranian Research Institute
for Information Science and Technology, from 1990 to June 2017.

Results: In our search for the relevant literature, 19 articles were found. In total, these studies included 654 pregnant women, who
were evaluated for fetal circulation before and after corticosteroid (betamethasone or dexamethasone) injection, for PI values in the
umbilical artery and MCA. The effects of steroid injection were evaluated between 23 and 34 weeks of gestation.

Conclusions: Overall, the results of the reviewed studies indicated that antenatal exposure to corticosteroids reduces umbilical artery
PIand MCA PI and improves fetal circulation during pregnancy.
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Introduction

Corticosteroids have been used extensively to accelerate
fetal lung maturation in premature birth (1). Prematurity
is known to cause neonatal morbidity and mortality,
and corticosteroids are effective in lowering these
complications (1). Maternal use of corticosteroids is
known to be associated with fetal congenital adrenal
hypoplasia, and also some other maternal complications
(2-4). In the setting of preterm delivery, corticosteroids
are administrated to enhance fetal lung maturation
(3). When there is a risk for preterm delivery, two-dose
courses of synthetic corticosteroids (betamethasone,
dexamethasone) are administered routinely, to prevent
prematurity complications such as respiratory distress
syndrome, and intraventricular hemorrhage and also
to reduce neonatal death (5,6). While in some studies,
serious side effects of steroid administration have not
been verified, there are concerns about the repeated or
prolonged antenatal exposure to corticosteroids (7). Indeed
some other studies have shown that use of corticosteroids
can cause a reduction in fetal movement, fetal breathing,
fetal heart rate variability, and biophysical profile score (1).
Taken together, there are conflicting data if corticosteroids
change fetal hemodynamics. Some studies have revealed
that following the corticosteroid administration, there is

a return of diastolic flow in growth-restricted fetuses with
absent/reversed end diastolic flow in the umbilical artery
(8,9).

In addition to the effects of glucocorticoids on the lung
maturity, many extra-pulmonary functions have been
attributed to these steroids. It has been known that the
prenatal glucocorticoid administration to mother or fetus
induces fetal vasoconstriction (10,11), and it may cause
increased peripheral vascular resistance and hypertension
(11,12). Some other studies also report the increase of
fetal cerebral flow after corticosteroid administration
(13). The two routinely-administered glucocorticoids to
pregnant women, which are not known to bind to plasma
proteins, are betamethasone and dexamethasone. Their
concentrations in the fetus plasma are relatively high
given their minimal metabolism by the placenta during
2-3 hours after administration (14). Particularly, the fetal
brain is known to be susceptible to the high concentration
of glucocorticoid, and it can increase fetal brain vascular
resistance, leading to a decrease in cerebral blood flow
(15). In addition, there are reports on the reduction of
neuronal cell number in the fetal brain after in utero
exposure of primates to corticosteroids (16).

A study by Niroomanesh et al indicated that all of 40
fetuses, exposed to betamethasone, had a decreased
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umbilical artery pulsatility index (PI) and improvement in
fetal perfusion (17). On the contrary, Deren et al reported
no change in the umbilical and middle cerebral artery
(MCA) perfusion after betamethasone administration to
mother (18). The purpose of this review was to provide
an overview of the reported effects of corticosteroids on
fetal circulation.

Methods and Materials
The following databases were searched for articles
related to “evaluating the effect of corticosteroids on fetal
circulation” from 1990 to June 2017: PubMed, Scopus,
Cochrane library, ISI Web of Science, Proquest, Google
scholar and EMBASE, Iranian databases of Magiran, Iran
Medex, Barakat knowledge network system, Scientific
Information Database, Iranian Research Institute for
Information Science and Technology. The searched
keywords were: “preterm delivery AND betamethasone
OR dexamethasone OR fetal corticosteroid therapy” AND
“fetal circulation OR fetal Umbilical artery Doppler OR
fetal Middle cerebral artery Doppler OR Ductus venosus
Doppler OR fetal behavior OR Uterine artery Doppler”.
Thus articles either in Persian or English which were
published from 1990 until June 2017 and were related to
“evaluating the effect of corticosteroids (betamethasone
or dexamethasone) on fetal circulation” were included in
our review. Articles in other languages, those with poor
quality, organization reports, and letters to editors, as well
as conference abstracts and theses were excluded from the
review.

Data Extraction and Quality Assessment

We evaluated all of the relevant articles retrieved by
keywords’ search, and excluded incompatible or irrelevant
articles. The selected articles were evaluated for potential
risk of bias by two different reviewers and controversies
were referred to a third reviewer. The extracted data were
summarized in the extraction forms, as follows: first
authors’ name, date of publication, country in which study
had been done, design of study, type of drug, gestational
age, fetal circulation before corticosteroid injection,
umbilical artery PI after corticosteroid injection, MCA
PI after corticosteroid injection, Ductus venosus PI after
corticosteroid injection, and uterine artery PI.

The Search Result and Study Characteristics

The search in the above-mentioned databases resulted
in the retrieval of 678 articles, from which 294 were
duplicates. Following precise evaluation of the articles
and removal of non-full-text abstracts, the number of
papers reduced to 29 papers. Furthermore, 10 studies were
excluded due to lack of access to the full text. Therefore,
the articles included in this systematic review were 19 full-
text articles. A flow chart of literature retrieval is shown
in Figure 1.

Records from databases
(n=678)

_ Duplicates
(n=294)

A

Records remained after
exclusion of duplicates
(n=384)

Excluded by abstract
(n=355)

A\ 4

A\ 4

Full-Text articles selected for
study
(n=29)

No access to full text of
articles
(n=10)

A4

v

Articles included in
systematic review
(n=19)

Figure 1. Flow Chart of Literature Retrieval.

Participant Characteristics

In total, 654 pregnant women were evaluated for fetal
circulation (umbilical artery PI, and MCA PI) before and
after betamethasone or dexamethasone injection. The
effects of steroids were evaluated between 23 and 34 weeks
of gestation.

Statistical Analysis

Heterogeneity was determined using the Cochran’s Q test
and I>. A significance level of P<0.10 for Cochrans Q
test, or I’>50% was considered as a clinically important
heterogeneity (19). Publication bias was assessed
graphically using a funnel plot and mathematically using
an adjusted rank correlation test, according to Begg and
Mazumdar rank correlation and Egger test. The number
of fetuses with reduced biophysical profile test, by
betamethasone or dexamethasone injection, was used to
obtain the event rate.

Results
The random effects model was used to identify the
statistical heterogeneity (Table 1). The forest plot is
shown in Figure 2. The heterogeneity results indicated
the total umbilical artery PI (0.09%, 95% CI=0.02 to
0.35, P=0.001), total MCA PI (0.09%, 95% CI=0.026 to
0.35, P=0.001), the umbilical artery PI in the group with
normal circulation before steroid injection (0.06%, 95%
CI=0.01 to 0.040, P=0.003), and MCA PI in the group
with normal circulation before steroid injection (0.06%,
95% CI=0.01 to 0.40, P=0.003) (Tables 2 amd 3).

The meta-analysis of the results of corticosteroid effects
on umbilical artery PI is demonstrated in Figure 2.

The meta-analysis of results of corticosteroid effects on
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Table 1. Heterogeneity Results for Umbilical Artery Pl and MCA PI

Fetal Circulation n Point Estimation 95% Cl df Q 12 P Value
Abnormal 6 0521 (0.115-2.357) 5 30.94 83.84 0397
Umbilical artery Pl Normal 12 0063 (0.010-0.402) 1 57.82 80.98 0.003
Total 20 0097 (0.026-0.354) 19 156.61 87.87 <0.001
Abnormal 6 0521 (0.115-2.357) 5 30.94 83.84 0397
MCA PI Normal 12 0063 (0.010-0.402) 11 57.82 80.98 0.003
Total 20 0097 (0.026-0.354) 19 156.61 87.87 <0.001
MCA PI was demonstrated in Figure 3. improvement in fetal circulation.
Administration ~ of  betamethasone  (synthetic

Discussion

Serious side effects have not been reported for fetal
in utero exposure to corticosteroids; however, there
are data about the effects of steroids on fetal behavior
and circulation. In the present review, we aimed to
systematically evaluate the effect of maternal corticosteroid
administration on the alterations of fetal circulation. Our
systematic review showed that after fetal exposure to
corticosteroids, umbilical artery PI and MCA PI decrease
and that in pregnancies receiving corticosteroids, there is

Umbilical Artery PI

glucocorticoid) to the mother at risk of preterm delivery
would lead to transient return of end diastolic flow in
the umbilical artery (20), and similar changes in other
fetal vascular beds (21). These changes indicate that
betamethasone has potentially important cardiovascular
effects (20). In human fetuses, antenatal administration
of betamethasone in the fetuses with absent end diastolic
flow in the umbilical artery results in a transient return
of end-diastolic flow in about two thirds of pregnancies
(9). Decrease in the MCA PI following the return of end-

Model  Studyname _Statisticsfor each study Logit event rate and 95% CI
Logit  Standard Lower Upper
eventrate emor Variance fmit fimit ZValue pValue
Michal J.simchen (2003) 3664 1432 2051 6471 0.856 -2558  0.011 —_—l
Andrew Edwards (2003) 0891 0297 0088 0309 1473 3.001  0.003 L
Shirin Niroomanesh (2015) 43% 1423 2025 1606 7.83 3088  0.002
Euan M Wallace (1990) 0747 0405 0164 0.046 1540 1847  0.065 Hll-
Ozgur Deren (2001) 4263 1424 2008 7054 1471 2993 0.003
Remigiusz Urban (2004] 4205 1425 2030 6997 1412 2951 0003
Remigiusz (2004) 423 1424 209 0% 1482 2973 0003
Juan 1 Piazze (2001) 429 1424 2027 7081 -1500 -3013 0003
Soghra Kazardoost (2012) 3532 1428 203 113 6731 275 0006 —_—
SHAMEL M.HEFNY (2015) 5.081 1419 2012 7.862 2301 -3.582  0.000 B
8.1.Cohlen (1996) 3436 1437 2065 6250 0618 2390 0017 e mam]
Senat MV(2000) a 393 148 2039 6731 1133 2753  0.006
Senat MV(2000] b 343 1437 2065 6250 0618 -23% 0017
Andrea BARKEHLL(2003) 3611 1433 2054 6420 0.802 2513 0012
Yvon Chitrit(2000) 3970 147 2038 6768 1172 2781 0005
AEDWARDS (2002) 3.219 1442 2080 0392 6.046 2232 0026 ——
‘Ahmed H.Salama(2013) 4615 1421 2020 7401 -1830 -3247 0001
Thomas Muller (2003) 3714 1431 2049 6519 0.908 -25% 0009
L.D.E.WIINIBERGER(2004) 4710 1421 2018 7.4% 1525 -3315 0001
Kobra shojaei (2015) 43% 1423 2025 7183 -L606 3088 0.002
Random 2335 0661 0438 3631 1038 3529  0.000 i
800 .00 0.00 200 5.00
Figure 2. Meta-analysis of Results of Corticosteroid Effects on Umbilical Artery PI.
MCA PI
Model  Study name_ Statistics for each study _Logiteventrateand 95% €I
Logit  Standard Lower Upper
eventrate emor Variance limit fimit ZValue pValue
Michal Simchen (2003) 4664 1432 2051 6471 085 2558 0011
Andrew Edwards (2003) 0891 0297 0088 0309 1473 3001  0.003 L
Shirin Niroomanesh (2015) 4394 1423 2005 1606 7.83 3088 0002
Euan M Wallace (1950) 0747 0405 0164 0.046 1540 1847  0.065 Hll-
Ozgur Deren (2001) 4263 1426 2028 7054 1471 2993 0.003
Remigiusz Urban (2006) 4205 1425 2030 6597 1412 2951  0.003
Remigiusz (2004) 4234 1424 2009 7026 1482 2973 0003
Juan . Piazze (2001) 429 1424 2027 7081 1500 3013 0.003
Soghra Kazardoost (2012) 3.932 1428 2039 1133 6731 2753 0006 ——
SHAMEL M.HEFNY (2015) s081 1415 2012 7.862 2301 3582 0.000
B..Cohlen (1996) 2434 1437 2065 6250 0618 239 0017
Senat MV(2000) a 292 1428 2039 6731 1133 275 0006
Senat MV(2000) b 2434 1437 2065 6250 0618 239 0017
Andrea BARKEHLL(2003) 4611 1433 2054 6420 0802 2519 0012
Yvon Chitrit(2000) 4S70 1427 2038 6768 1172 2781 0.005
/A.EDWARDS (2002) 3.219 1442 2080 0392 6.046 2232 0026 ——
Ahmed H.Salama(2013) 4615 1421 2020 7401 1830 3.247 0001
Thomas Muller (2003) 4714 1431 2083 6519 0908 259  0.009
LD.E.WUINIBERGER(2004) 470 1421 2018 7434 1925 3315 0001
Kobra Shojaei (2015) 4394 1423 2025 7183 -L606 3.088  0.002
Random 2335 06l 0438 3631 103 352  0.000 i
£.00 4.00 0.00 200 8.00

Figure 3. Meta-analysis of Results of Corticosteroid Effects on MCA PI.
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Table 2. Detailed Review of the Literature Based on Time of Study, Country, Design of Study, Gestational Age, and Sample Size

First Author ~ Year Country Design of study Type of drug Gestational age (wk)  Sample size
Simchen 2003 Canada Prospective Betamethasone (12 mg x 2, IM, 24 h) 24-34 19
Edwards 2003 Australia Retrospective Betamethasone (11/4 mg x2, IM, 24h) 23-33 55
Niroomanesh 2015 Iran Prospective Betamethasone (12 mg x 2, IM, 24h) 24-34 40
Wallace 1990 Australia Retrospective Betamethasone (11/4 mg x 2, IM, 24h) 23-33 28
Deren 2001 USA Prospective Betamethasone (12 mg x2, IM, 24 h) 28-34 35
Urban 2004 Poland Prospective Betamethasone (12 mg x2, IM, 24 h) 31/5 33
Remigiusz 2004 Poland Prospective Dexamethasone (6 mg x 4, IM, 12 h) 31/4 34
Piazze 2001 Italy Prospective Betamethasone (12 mg x 2, IM,24 h) 30/7 36
Kazardoost 2012 Iran Prospective Betamethasone (12 mg x 2, IM, 24h) 26-34 25
Hefny 2015 NR* Prospective Dexamethasone (6 mg x 4, IM, 12 h) 28-34 80
Cohlen 1996 Netherlands Prospective Betamethasone (12 mg x 2, IM, 24 h) 26-32 15
Senat 2000 France Prospective Betamethasone (12 mg x 2,1M,24 h) 25
Senat 2000 France Prospective Dexamethasone (6 mg x 4, IM, 12 h) 15
Barkehll 2003 Australia Prospective Betamethasone (11/4 mg x 2, IM, 24 h) 24-34 18
Chitrit 2000 France Cross sectional Dexamethasone, (4 mg x 6, IV, 8 h) 26-33 26
Edwards 2002 Australia Prospective Betamethasone (11/4 mg x 2, IM, 24 h) 28/5 12
Salama 2013 Egypt Prospective Dexamethasone (24 mgx 3, IM, 8 h) 31/9 50
Muller 2003 Germany Retrospective ?;t;:’e;i:agizr;zgi)mg/or Dexamethasone 20
Thuring 2011 Sweden Prospective Betamethasone, (12 mg x2, IM, 24 h) 23-33 33
Wijniberger 2004 Germany Prospective Betamethasone (12 mg x2, IM, 24 h) 24-34 55
Shojaei 2015 lIran Prospective Betamethasone, (12 mg x 2, IM, 24 h) 24-34 40

* NR: Not reported.

diastolic flow in the umbilical artery suggests widespread
vasodilatation (21). The vascular function is regulated
by glucocorticoids, and fetal cardiovascular parameters
which could be altered by synthetic glucocorticoids, such
as betamethasone (15).

Studies have shown that changes in blood flow due
to post-steroid injection are transient effects (9,22).
The lack of significant prolongation in pregnancies
with improvement in circulation supports this idea that
these changes in fetal circulation do not alter pregnancy
outcome, and do not lead to the improvement in fetal
condition (9). Several mechanisms have been suggested for
vasodilatory effects of corticosteroids on fetal circulation.
One mechanism is the up-regulation and increased
secretion of placental corticotropin-releasing-hormone,
which is mediated by nitric oxide (13,22).

Decreased MCA PI, following corticosteroid
administration, shows a redistribution of blood to the fetal
cerebral circulation (13,21-23). There are glucocorticoid
receptors in the fetal brain, and a number of corticosteroid
receptors in brainstem nuclei, which are known to control

fetal sleep and activity (24). The effect of corticosteroid
on fetal blood pressure may be another mechanism for
alteration of fetal cerebral flow (10). Since corticosteroid
exposure alters cardiotocogram patterns and biophysical
profile parameters, Doppler study is the only reliable
tool for the diagnosis of fetal compromise in pregnancies
receiving antenatal corticosteroids (22,25,26).
Niroomanesh et al reported that in all of the 40 fetuses,
exposure to betamethasone decreased umbilical artery PI
and led to the improvement in fetal perfusion (17). On
the contrary, Deren et al reported no change in umbilical
and MCA perfusion after maternal betamethasone
administration (18). Researchers have indicated that
betamethasone and dexamethasone have no effect on
Doppler indices in umbilical arteries, descending aorta
and MCA, in growth-restricted fetuses (27). Evaluation
of the effects of dexamethasone administration on fetal
Doppler flow velocity demonstrated that there was no
significant changes in umbilical artery PTand MCA PI (26).
It was reported that the administration of betamethasone
to mother with absent end diastolic flow in the umbilical
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Table 3. Effects of Maternal Betamethasone and Dexamethasone Administration on Umbilical Artery PI, MCA PI, DV PI and Uterine Artery Pl (as Reported

in the Literature)

Before corticosteroid . e .
After Corticosteroid Injection

Desi f Gestati | injecti Uteri
First Author Stzstliin ° Type of Drug a:es (?:vl?)na e Umbilical Artz:l:sl
Fetal circulation mbfical vcapl byl
artery Pl
Simchen O oL (2 L PV ARED 0 0 NR NR
IM, 24 h)
B 11 2
Edwards Retrospective Detemethasone (11/4mgx2, ), 4o AEDF 39 0 NR NR
IM, 24h)
Niroomanesh Prospective Betamethasone (12 mg x 2, 24-34 Normal 40 0 NR 40
IM, 24h)
B 11 2
Wallace Retrospective Detemethasone (11/4mgx2, ), 4o AEDF 19 NR NR NR
IM, 24h)
Deren Prospective Betamethasone (12 mg x2, 28-34 Normal 0 0 NR NR
IM, 24 h)
B h 12 2
Urban Prospective etamethasone (12 mg x2, 31/5 Normal 0 0 NR NR
IM, 24 h)
D th 6 4
Remigiusz Prospective examethasone (6 mg x 4, 31/4 Normal 0 34 NR NR
IM, 12 h)
B h 12 2
Piazze Prospective etamethasone (12mgx2, 5, Normal 0 21 NR NR
IM,24 h)
Kazardoost Prospective Betamethasone (12 mg x 2, 26-34 Normal 25 0 NR NR
IM, 24h)
D h 4
Hefny Prospective examethasone (6 mg x 4, 28-34 Normal 0 0 NR NR
IM, 12 h)
Cohlen Prospective Betamethasone (12 mg x 2, 26-32 Normal 0 0 NR 0
IM, 24 h)
. Betamethasone (12 mg x
Senat P ti N | 0 0 NR 0
ena rospective 21M.24 h) orma
. Dexamethasone (6 mg x 4,
Senat Prospective IM, 12 h) Normal 0 0 NR 0
Barkehll Prospective  Detemethasone (11/4mgx2, ) o AEDF 0 NR NR NR
IM, 24 h)
Chitrit Cross Dexamethasone, (4mg x6, ¢ 33 Normal 0 26 NR NR
sectional 1V, 8 h)
Edwards Prospective  Detemethasone (11/amgx2, o o AEDF 12 12 0 NR
IM, 24 h)
Salama Prospective P BE (A 073 31/9 Normal 0 50 NR 0
IM, 8 h)
Betamethasone (8 mg/or
Muller Retrospective Dexamethasone 12 mg, single AREDV 0 11 0 NR
dose)
Bet. th 12 2
Thuring Prospective CESIE R, AP 23-33 Normal/AREDF NR 0 NR 0
IM, 24 h)
B h 12 2
Wijniberger  Prospective  Dctamethasone (12mg>x2, -, o) NR 0 0 0 NR
IM, 24 h)
Shojaei Progpaia  CoBmCERE, (RGN, o e NR 0 0 NR 0

IM, 24 h)

NR: Not Reported; MCA PI: Middle cerebral artery pulsatility index; DV PI: Ductus venosus pulsatility index; ADEF: Absent end diastolic flow in

umbilical artery; ARED: Absent/reversed end diastolic flow in umbilical artery.

artery leads to the transient return of end diastolic flow
(28). Results of a study on 25 median age (19-42) women
indicated that antenatal betamethasone administration
decreases fetal movement, fetal biophysical profile, and
umbilical artery indices while they are unable to show any
effects on MCA Doppler indices (29). Administration of
six weekly doses of dexamethasone (4 mg, IV injection)

had no effects on the umbilical artery PI and MCA PI
during days 2 and 7, and only , a significant decrease in
MCA PI was reported on day 4 (25). Administration of
two consecutive doses of betamethasone in 35 singleton
pregnancies demonstrated that administration of the
steroid did not affect Doppler indices including MCA and
umbilical artery Pls, but transiently decreased biophysical
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profile scores (18). In another study, it was reported
that the antenatal administration of betamethasone in
pregnancies complicated by AEDF in the umbilical artery
induced the return of end-diastolic flow in the umbilical
artery as early as 4 hours (21). Antenatal corticosteroid
therapy with betamethasone or dexamethasone leads to
the return of positive end diastolic flow in the pregnancies
with absent/reversed end diastolic flow in the umbilical
arteries; however, there was no significant change in
the umbilical artery PI, while there was an overall
drop in MCA PI (13). In addition, it was reported that
betamethasone therapy had no significant effect on the
umbilical artery PI, while it significantly decreased MCA
PI 48 hours after last administration of betamethasone.
Then it returned to the pretreatment values, 96 hours after
injection (22). Similar results have been reported on the
effects of dexamethasone (23).

Conclusions

The results of our systematic showed that antenatal
corticosteroid therapy reduces the umbilical artery
PI and MCA PI. Our results also indicated that while
corticosteroid therapy may improve fetal circulation
transiently, it does not alter fetal outcome.
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