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Abstract

Background: The objectives of this study were to compare Doppler flow parameters of the fetal
middle cerebral artery in pregnancy with gestational diabetes versus normal pregnancy, and to
study the correlation of Doppler flow parameters of fetal middle cerebral artery (MCA) with
pregnancy outcome in gestational diabetes mellitus.

Methods: All pregnant women attending antenatal care (ANC) up to 34 weeks with oral glucose
tolerance test (OGTT) > 140mg/dl were defined as cases, and those with OGTT < 140 mg/dl were
taken as controls. All patients underwent Doppler ultrasound after 34 completed weeks, and
Doppler flow parameters [Pulsatility Index (PI), Resistance Index (RI), peak systolic velocity
(PSV), and Systolic Diastolic (S/D) ratio] were noted. Pregnancy outcomes among were noted.
Results: MCA Pl and MCA PSV showed a statistically significant difference between both groups
with p= 0.0234 and P <0.001, respectively. MCA PI was significantly higher in cases compared to
controls, whereas MCA PSV was significantly lower in cases than in controls. MCA RI values
were higher in cases. In addition, MCA S/D ratio values were lower in controls compared to cases.
Fetal MCA Pl on Doppler velocimetry were significantly higher in the GDM group, and MCA
PSV was significantly lower in the study group, MCA RI and MCA S/D ratio were not
significantly different. Maternal complications were found to be more frequent in GDM compared
to non-GDM. MCA PSV was significantly associated with development of PIH in GDM. The rate
of NICU admission, RDS, & hypoglycemia were significantly higher in babies of GDM mothers.
Conclusion: Our findings suggest a potential role for Doppler assessment of MCA in predicting
adverse outcomes in GDM pregnancies. Therefore, we recommend that antenatal assessments of
gestational diabetic pregnancies should include Doppler parameters in the third trimester.

Keywords: Gestational diabetes; Blood flow, Doppler Fetus, Middle cerebral artery, Pulsatility Index

Introduction

Gestational Diabetes Mellitus (GDM) is defined
as any degree of glucose intolerance with onset or first
recognition during pregnancy (1). It is the most
common medical complication and metabolic disorder
of pregnancy, occurring in 1-14% of pregnant women
depending on the population and diagnostic criteria
used (2).

Studies have shown that higher cord serum
erythropoietin levels in amniotic fluid are associated

with fetal hypoxia in conditions such as Pre-eclampsia
(PE), diabetes, and iso-immunized high-risk gestations
(3). In GDM chronic intrauterine hypoxia can lead to
polycythemia, a condition characterized by increased
red blood cell productions outside the bone marrow.
Polycythemia results in decreased fetal blood flow
velocity due to increased blood viscosity. Therefore,
changes in middle cerebral artery peak systolic velocity
(MCA- PSV) are expected in women with GDM,
reflecting a decrease in fetal blood flow velocity (4).
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suggesting that interactions may influence endometrial
responsiveness (6, 7).

Hyperglycaemia during pregnancy can affect
maternal placental blood flow. As a compensatory
mechanism to placental hemodynamic changes, blood
flow is redistributed from peripheral vessels to the
brain. This redistribution can be evaluated using
Doppler ultrasonography (USG) measurements of the
umbilical arteries and fetal middle cerebral arteries (5)
Changes in Doppler USG findings may occur in
conditions such as intrauterine growth restriction,
anemia, hypoxemia and preeclampsia (6). However,
the assessment of such changes in GDM patients has
produced controversial results (7).

The objective of the present study is to compare
Doppler flow parameters [Pulsatility Index (PI),
Resistance Index (RI), PSV, Systolic Diastolic (S/D)
ratio] of the fetal middle cerebral artery between
pregnancies with gestational diabetes and normal
pregnancies. Additionally, the correlation between
Doppler flow parameters of the fetal MCA and
pregnancy outcomes in gestational diabetes mellitus is
also investigated.

Materials & Methods

This study was a Case-Control Study. Ethical
clearance was obtained from the institutional Ethics
Committee, and informed written consent was taken
from all participants.

Cases were defined as pregnant women up to 34
weeks of gestation with an oral glucose tolerance test
(OGTT) result of >140 mg/dl. Controls were defined as
all pregnant women up to 34weeks of gestation with an
OGTT result of <140 mg/dl. The inclusion following
criteria included pregnant women aged 18 or older
with gestational age of up to 34 weeks, singleton
pregnancy, Absence of fetal malformation or anomaly,
and no maternal conditions affecting uteroplacental
blood flow, such as smoking or hypertension. Pregnant
women with a previous history of Type 2 diabetes
mellitus or chronic hypertension and women with
history of any acute medical illness, such as fever,
infection, or evidence of ongoing inflammation were
excluded.

To evaluate various blood flow indices in MCA, all
recruited women underwent Doppler USG after
completing 34 weeks of gestation. 2D ultrasound
examinations were performed using a color Doppler

flow ultrasound machine, model ECUBE 7®;
Alpinion, Korea. The transabdominal ultrasonography
employed a convex transducer with a frequency of 16
MHz. The axial section of the fetal brain was focused,
and the MCA closer to the probe was identified in each
case. Doppler parameters such as Pl, PSV, RI, and S/D
ratio were determined. Fetal biometry was also
assessed using color flow mapping in the transverse
view of the fetal brain. The Doppler beam was directed
along the MCA, and the sample volume was placed on
the proximal section with an angle of insolation <30°.
Recordings were made in the absence of fetal breathing
or body movements. Pl and RI were measured both
manually as well as using the auto mode over three
consecutive cycles. Patient outcomes were noted,
including maternal outcomes such as mode of delivery,
pregnancy induced hypertension, polyhydramnios,
stillbirth, and intrauterine death (IUD). Fetal outcomes
such as birth weight, APGAR score, hypoglycemia,
hyperbilirubinemia, admission to neonatal intensive
care unit (NICU) respiratory distress syndrome (RDS)
and neonatal death were also recorded.

Results

From November 2019 to November 2021, a total of
45 pregnant women with OGTT values greater than or
equal to 140 mg/dl were diagnosed with GDM and
labelled as cases (n=45), while an equal number of
pregnant women with OGTT values less than 140
mg/dl were labelled as control group (n=45). Various
demographic characteristic parameters between the two
study groups are compared in Table 1.

Table 1. Comparison of demographics in pregnant
women with oral glucose tolerance test result of >140
mg/dl (case) and pregnant women with an OGTT result
of <140 mg/dI (control).

Characteristics Cases Controls P
(n=45) (n=45) value
Mean * Mean *
SD SD
Maternal age 27.4+£3.5 26.20+3.2 0.17
BMI* (kg/m?) 22.2+19 20.7+£ 1.6 0.001
Past history of 10 (22.2) 3(6.7) 0.03

GDM**, n (%)
Multiparity >2, 16 (35.6) 6 (13.4) 0.08
n (%)

*BMI, Body mass index;**GDM, Gestational diabetes.
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USG Doppler parameters for fetal MCA were groups. Macrosomia and stillbirth were only seen in
performed on both GDM and non-GDM women after 8.9% and 2.2% of GDM women (Table 3).
34 completed weeks. Parameters such PI, RI, PSV, and
S/D ratios were measured. Out of all the USG Doppler Table 2. Distribution of USG Doppler parameters of
parameters measured, MCA PI and MCA PSV showed fetal Middle Cerebral Artery in pregnant women with

oral glucose tolerance test result of >140 mg/dl (case)

statistically significant differences between the two and pregnant women with an OGTT result of <140
groups, with p-values of 0.023 and <0.001, mg/dl (control).
respectively. MCA Pl was significantly higher in the Cases (n=45) Control P
cases compared to controls. However, other parameters Mean+ SD (n=45)  value
like MCA Rl and MCA S/D ratio showed no Mean+
statistically significant difference between the groups, SD
but MCA RI values were higher in cases and MCA S/D Middle Cerebral ~ 1.8+0.4 1.7£0.2  0.023
ratio values were lower in cases compared to controls ﬁgg;y Pulsatility
(Table 2).

Pregnancy-induced hypertension was seen in 28.9% Middle Cerebral 0.8+0.2 0.8+0.2 0.593
of GDM women and 6.7% of non-GDM women, and Artery Resistance
the difference was statistically significant (p=0.006) Index
between the two gro_ups. Premature rupture of Middle Cerebral  45.9+2.2 501416 <0001
membranes was seen in 33.3% of GDM women, Artery Resistance
whereas the incidence among non GDM women was systolic velocity
8.9% which, was statistically significant (p value= (cm/sec)
0004). 1L1% of the GDM  women had Middle Cerebral 4.4+ 0.9 47+0.7 0.109

polyhydramnios, whereas none of the non-GDM Artery Systolic
women had polyhydramnios. There was no statistically Diastolic ratio
significant difference (p=0.056) between the two

Table 4. Comparison of maternal outcomes in pregnant women with oral glucose tolerance test result of >140 mg/dl
(case) and pregnant women with an OGTT result of <140 mg/dl (control).

Cases n (%0) Controls n (%) Total n (%) P value
Pregnancy Induced Hypertension
Yes 13 (28.9) 3(6.7) 16 (17.8) 0.006
No 32 (71.1) 42 (93.3) 74 (82.2)
Premature Rupture Of Membranes
Yes 15 (33.3) 4(8.9) 19 (21.1) 0.004
No 30 (66.7) 41 (91.1) 71 (78.9)
Polyhydramnios
Yes 5(11.1) 0(0.0) 5 (5.6) 0.056
= No 40 (88.9) 45 (100.0) 85 (94.4)
g Macrosomia
< Yes 4(8.9) 0(0.0) 4 (4.4) 0.117
g No 41 (91.1) 45 (100.0) 86 (95.6)
¢ Stillbirth/ IUD
° Yes 1(2.2) 0(0.0) 1(1.1%) 1.000
= No 44 (97.8) 45 (100.0) 89 (98.9)
% Postpartum complications
3 Atonic PPH 3(6.7) 3(6.7) 6 (6.7%) 1.000
S No 42 (93.3) 42 (93.3) 84 (93.3)
3
kS
S
=
a 13
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Table 5. Comparison of other neonatal outcomes in pregnant women with oral glucose tolerance test result of >140
mg/dl (case) and pregnant women with an OGTT result of <140 mg/dl (control).

Cases n (%) Control n (%) P value
APGAR (score at 1 minute)
</=7 8(17.8) 1(2.2) 0.03
>7 37 (82) 44 (97.8)
APGAR (score at 5 minutes)
</=7 3(6.7) 0 (0) 0.24
>7 42(93.3) 45(100)
Adverse outcomes
NICU* admission 14(31.) 11 (24.4) 0.48
Hypoglycemia 12(26.7) 0(0) <0.001
Hyperbilirubinemia 3(6.7) 0 (0) 0.24

* NICU, neonatal intensive care unit

88.9% of non-GDM women had a normal delivery,
and only 21.1% had a caesarean section. 31.1 % of
GDM women underwent caesarean section. There was
no statistically significant difference (p=0.064) in the
mode of termination of pregnancy between the two
groups. 40.0% of the participants in the GDM group
required Induction of labour compared to 24.4% of the
participants in the control group (Table 4). 17.8% of
GDM women had an APGAR score of less than 7 at 1
minute for their neonates, whereas only 2.2 % of non-
GDM women had an APGAR score of less than 7 at 1

Minute.

There was a statistically significant difference
between APGAR scores at 1 minute (p=0.030).
However, there was no statistically significant
difference in the APGAR scores at 5 minutes (p=
0.242). 27.8% of all neonates were admitted to NICU.

Among the neonates of GDM women, 31.1% were
admitted to NICU while 24.4% of neonates of non-
GDM women were admitted to NICU. No statistically
significant difference (p=0.480) was found between the
NICU admission of the neonates in the two groups
(p<0.001). 6.7% of neonates of GDM women had
hyperbilirubinemia, whereas none of the neonates of
non-GDM women developed hyperbilirubinemia. No
statistically significant difference (p=0.24) was found
in the occurrence of hyperbilirubinemia between the
two groups (Table 5).

Discussion
Gestational diabetes mellitus is one of the most
common complications in pregnancies. Previous

studies have highlighted significant changes in blood
flow velocity in the umbilical artery (UA) and fetal.

MCA in conditions such as intrauterine growth
restriction, anemia, hypoxemia, and pre-eclampsia.
Doppler velocimetry is an important method in the
management of gestational diabetes, as it relies on the
oxygen metabolism in the maternal-placental-fetal
balance (8) However, studies on GDM have reported
varied results regarding the application of Doppler
indices in the assessing of diabetes-associated
pregnancy (9, 10).

The objective of our case-control study was to
establish a correlation between Doppler flow
parameters of the fetal middle cerebral artery and
gestational diabetes mellitus after 34weeks of
gestation. The mean age of GDM women was 27.4 +
3.6 yrs, while the mean age of non-GDM women was
26.2 = 3.3 yrs. There was no significant difference in
age between the two groups. A study conducted by Liu
X et al reported a higher risk of developing gestational
diabetes in advanced age groups (35-39 years and >=
40 years) compared to women in 25-29 years’ age
group (11).

Among GDM women 35.6% were multiparous,
while only 13.4% of non-GDM women were
multiparous. Although the difference between the two
groups was not statistically significant (p=0.082), a
cross-sectional study by Tian et al involving 14,196
women showed that fasting plasma glucose levels
increased with an increased number of live births (p=<
0.001), and multiparity was associated with an
increased risk of GDM (12) There was a significant
difference between the two groups in terms of BMI
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(Kg/m?) (t = 4.085, p = <0.001), with the mean BMI
(Kg/m?) being highest in the case group. Fatthy et al
showed that BMI> 30 was significantly associated with
the risk of developing GDM (13) In the GDM group,
22.2% of women had a previous history of GDM
compared to only 6.7% of the non-GDM women, with
a statistically significant difference (p=0.036) between
the two groups. A systematic review and meta-analysis
identified a history of macrosomia, stillbirth, and
GDM, as the most common risk factors for GDM (14).

In the Doppler flow parameters, the mean (SD)
MCA Pl was higher in the study group (1.8 £ 0.4) in
the study group compared to control group (1.7 £ 0.2)
and this difference was significant (p value=0.0234).
This finding is consistent with the study conducted by
Zanjani et al in which left fetal MCA Pl was
significantly higher in the GDM group (2.1, SD=0.1)
compared to the normal pregnant women group (1.9,
SD=0.7). 5 Another study by Wei et al in 2021 also a
significantly higher MCA PI in the experimental group
(p=<0.001) (15). D’Ambrosi et al similarly concluded
that MCA Pl was significantly higher in the GDM
group compared to the non-GDM group (16)
interestingly, the results of a multivariate analysis
confirmed that an MCA PI above the 90th percentile of
the normal value was almost 11 times more common.
These findings contrast with randomized control
studies that failed to show any association between
maternal diabetes and abnormal Doppler indices in
fetuses. (17) In normal pregnancy, the MCA PI value
should decrease with advancing gestational age, so a
higher MCA PI in these various studies reflects a fetal
brain-sparing effect due to placental insufficiency (18).

In the current study, the MCA RI was higher in
cases but had no significant difference (p=0.593) with
a mean (SD) of 0.78 (0.2) in the study group and 0.76
(0.2) in the control group. These findings contrast with
the study conducted by Fang et al in which
significantly lower values of MCA RI were noted in
the GDM group than in normal controls [0.70 (SD=0.1)
vs 0.8 (SD=0.1, p=<0.001)] (19) They suggested that
lower resistance in MCA is the result of the brain-
sparing effect in pregnancy complicated by GDM.
Another study conducted by Fatihoglu E et al in 60
GDM patients showed no difference in the MCA RI
value between both groups (20). In 2019, Medhat and
et al, conducted a color Doppler evaluation of cerebral-
umbilical pulsatility indices and ratio among 40

patients with a high-risk pregnancies classified into
two groups: preeclampsia and diabetic group. They
concluded that in a relatively well-controlled diabetic
pregnancy not complicated by preeclampsia or FGR,
the values of color Doppler indices are similar to those
in a normal pregnancy (21).

In our study although MCA PSV was much lower
in cases than in controls (45.9 + 2.2 cm/sec in GDM
and 50.1 £ 1.6 in non-GDM patients), It had a p value
of <0.001, which was statistically significant. Dantas et
al conducted a study and noted that the median MCA
PSV was 1.0 in the GDM group and 1.1 in the control
group. The Doppler USG measurement for MCA PSV
was lower in the GDM group, although no statistically
significant difference was found (22). Fatihoglu et al
also noted that MCA PSV was significantly lower in
the GDM group (28 cm/s vs 32 cm/s p=0.037), and a
value <35.5 cm/s can predict GDM with a sensitivity of
41% and specificity of 78.3% Low MCA PSV in the
GDM group as seen in the current study reflects the
development of hyper viscosity due to polycythemia in
response to hypoxia. However, in a study of 169 GDM
pregnancies conducted by Leuing et al, the usefulness
of Doppler parameters in predicting abnormal
pregnancy outcomes was not found (4).

We found no significant difference in the MCA S/D
ratio between the GDM and non-GDM groups. This
concurs with findings of another study, which also
showed no difference in the S/D ratio between the two
groups (20). In the present study 8.9% of GDM women
had macrosomia but it was not statistically significant
(p=0.117). Additionally, Dantas et al. concluded that
there was no correlation between MCA PSV and
maternal hyperglycaemia and fetal macrosomia (22).
We were unable to establish any correlation, as larger
studies are needed to associate Doppler parameters
with predicting polyhydramnios and intra-uterine
death. There was no significant difference noted
between GDM and non-GDM  groups for
polyhydramnios (p=0.056) and IUD (p=1.00).
Therefore, no correlation of Doppler parameters of
fetal MCA was found with polyhydramnios and IUD in
GDM pregnancies.

Fadda et al. conducted a Pl assessment of the
umbilical artery, fetal descending thoracic aorta and
fetal MCA and noted a correlation of neonatal
hypoglycemia (p=<0.001) with abnormal Doppler
measurements (23). This finding was consistent with
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the current study, which also establish a positive
correlation of neonatal hypoglycemia in GDM women
compared to hon-GDM women. In the present study,
MCA Pl had a sensitivity of 100% but very low
specificity of 33%, resulting in a very low diagnostic
accuracy of 51%. Although all parameters of MCA
were insignificant  in predicting neonatal
hypoglycemia, MCA PSV had better specificity and
diagnostic accuracy of 61% and 62%, respectively,
albeit with a low sensitivity of 67%.

In predicting NICU admissions, MCA PI had the
highest sensitivity of 93% but a specificity of 36%.
Regarding neonatal hyperbilirubinemia, it was not
statistically significant in GDM women. However,
6.7% of the GDM group had neonatal
hyperbilirubinemia, and it was better predicted by
MCA PSV. The sensitivity of MCA PSV in predicting
neonatal hyperbilirubinemia was 67% with a
specificity of 93%, which was the highest among all
other parameters of MCA. Hence, MCA PSV had a
good diagnostic accuracy of 91%. However, other
MCA parameters (PI, RI, S/D ratio) had low specificity
and low diagnostic accuracy. Similarly, in the study
conducted by Fadda et al., there was a significant
association of neonatal hyperbilirubinemia (p=< 0.001)
in the GDM group with abnormal Pl Doppler values
(23).

In a cohort study on 103 diabetic women to
compare MCA and UA Doppler assessments for
evaluating fetal well-being in pre-gestational or
gestational diabetes mellitus pregnancies, although
both umbilical & middle cerebral artery Doppler had
some association with neonatal outcomes, the
sensitivity for predicting adverse neonatal outcome was
found to be low. This study concluded that the UA
Doppler assessment is a better predictor of neonatal
outcome than the MCA Doppler (24).

The present study has several limitations that
should be acknowledged. Firstly, the sample size was
small, which resulted in low statistical power for some
analyses. Therefore, further research with a larger
sample size is necessary to confirm and strengthen the
findings. Secondly, the Doppler assessment of the fetus
was conducted in patients with GDM who were under
treatment and the results may vary depending on the
level of glycemic control achieved by the patients. It is
important to consider this factor when interpreting the
results. However, our study contributes to the limited

body of literature comparing fetal brain hemodynamic
indices in GDM and non-GDM pregnancies using
Doppler changes in the MCA and their effect on
pregnancy outcomes.

Conclusion

Our study demonstrated that fetal MCA Pl on
Doppler velocimetry was significantly higher in the
GDM group, while MCA PSV was significantly lower
in the study group. However, no significant differences
were observed in MCA RI and MCA S/D ratios.
Maternal complications such as polyhydramnios,
premature rupture of membranes (PROM), and
preghancy-induced hypertension were more common
in GDM compared to non-GDM pregnancies, although
the results were not statistically significant except for
PIH and PROM. MCA PSV was significantly
associated with the development of pregnancy induced
hypertension in GDM women. Furthermore, the rate of
NICU admission was significantly higher in babies
born to GDM mothers compared to non-GDM mothers,
and these babies were also more likely to experience
complications such as RDS, hypoglycemia, and
macrosomia.

Our findings suggest a potential role for Doppler
assessment of MCA in predicting adverse outcomes in
GDM pregnancies. Therefore, we recommend that
antenatal  assessments  of  gestational diabetic
pregnancies should include Doppler parameters in the
third trimester. However, further studies with a larger
sample size are needed to validate the role of Doppler
velocimetry and identify adverse hemodynamic
parameters in diabetic pregnancies.

Acknowledgements
The authors thank Mr Shaurya Gothwal and Miss
Anaya Gothwal for copy editing the manuscript.

Conflicts of Interest
The authors declare no conflict of interest.

References

1. Metzger BE, Coustan DR. Summary and

recommendations of the fourth International workshop-

conference on gestational diabetes mellitus. In:

Diabetes Care. 1998.

2. Lefkovits YR, Stewart ZA, Murphy HR. Gestational

diabetes. Med (United Kingdom) 2019; 47(2): 114-8.
16


http://caspjrm.ir/article-1-239-en.html

Srivastava et al.

[ Downloaded from caspjrm.ir on 2025-07-05 ]

3. Teramo KA, Widness JA. Increased fetal plasma and
amniotic fluid erythropoietin concentrations: markers
of intrauterine hypoxia. Neonatology 2009; 95(2): 105-
16.

4. Leung WC, Lam H, Lee CP, Lao TT. Doppler study
of the umbilical and fetal middle cerebral arteries in
women with gestational diabetes mellitus. Ultrasound
Obstet Gynecol 2004; 24(5): 534-7.

5. Shabani Zanjani M, Nasirzadeh R, Fereshtehnejad
SM, Yoonesi Asl L, Alemzadeh SA, Askari S. Fetal
cerebral hemodynamic in gestational diabetic versus
normal pregnancies: a Doppler velocimetry of middle
cerebral and umbilical arteries. Acta Neurol Belg 2014;
114(1): 15-23.

6. Alfirevic Z, Stampalija T, Gyte GM. Fetal and
umbilical Doppler ultrasound in high-risk pregnancies.
Cochrane Database Syst Rev 2010; (1): CD007529.

7. Pietryga M, Brazert J, Wender-Ozegowska E,
Dubiel M, Gudmundsson S. Placental Doppler
velocimetry in gestational diabetes mellitus. J Perinat
Med 2006; 34(2): 108-10

8. Piazze J, Padula F, Cerekja A, Cosmi EV, Anceschi
MM. Prognostic value of umbilical-middle cerebral
artery pulsatility index ratio in fetuses with growth
restriction. Int J Gynaecol Obstet 91: 233-237

9. Bracero L, Schulman H, Fleischer A, Farmakides G,
Rochelson B. Umbilical artery velocimetry in diabetes
and pregnancy. Obstet Gynecol 68: 654-658

10. Bracero LA, Figueroa R, Byrne DW, Han HJ.
Comparison of umbilical Doppler velocimetry,
nonstress testing, and biophysical profile in
pregnancies complicated by diabetes. J Ultrasound
Med 15: 301-308

11. Liu X, Zou L, Chen Y, et al. Effects of maternal
age on Pregnancy: a retrospective cohort study. Natl
Med J China 2014; 94(25): 1984-8.

12. Tian Y, Shen L, Wu J, et al. Parity and the risk of
diabetes mellitus among Chinese women: a cross-
sectional evidence from the Tongji-Dongfeng cohort
study. PLoS One 2014; 9(8): e104810.

13. Fathy WM, Khalil NA, Mahmoud NS. Risk factors
for gestational diabetes mellitus Among pregnant
women attending Monshaat Sultan Family Health
Center, Menoufia Governorate. Menoufia Med J 2018;
31(2): 640.

14. Kiani F, Naz MSG, Sayehmiri F, Sayehmiri K, Zali
H. The risk factors of Gestational diabetes mellitus: A

systematic review and meta-analysis study. Int J
Women’s Heal Reprod Sci 2017; 5(4): 253-63.

15. Zhijie Wei, Mingchun Mu, Ming Li, et al. Color
Doppler ultrasound detection of hemodynamic changes
in pregnant women with GDM and analysis of their
influence on pregnancy outcomes; Am J Transl Res
2021; 13(4): 3330-3336

16. D'Ambrosi F, Rossi G, Di Maso M, et al. Altered
Doppler Velocimetry of Fetal Middle Cerebral Artery
in Singleton Pregnancies Complicated by Mild Well-
Controlled Gestational Diabetes. Fetal Diagn Ther
2022; 49(3): 77-84

17. Salvesen DR, Higueras MT, Mansur CA, et al.
Placental and fetal Doppler velocimetry in pregnancies
complicated by maternal diabetes mellitus. Am J
Obstet Gynecol 168: 645-652

18. Srikumar S, Debnath J, Ravikumar R, Bandhu HC,
Maurya VK. Doppler indices of the umbilical and fetal
middle cerebral artery at 18-40 weeks of normal
gestation: A pilot study. Med J Armed Forces India
2017; 73(3): 232-241.

19. Fang Liu, Yong Liu, Ya-Ping Lai , Xiao-Ning Gu
, Dong-Mei Liu , Min Yang. Fetal Hemodynamics and
Fetal Growth Indices by Ultrasound in Late Pregnancy
and Birth Weight in Gestational Diabetes Mellitus;
Chin Med J 2016; 129: 17

20. Fatihoglu E, Sonay Aydin, ErdalKaravas,
MecitKantarci. Gestational diabetes mellitus and early
hemodynamic changes in fetus; J Med Ultrasound
2021.

21. Medhat M. Refaat, Ahmed E. Shalaan , Sabah Abd
Elhamed. Color Doppler Evaluation of Cerebral-
Umbilical Pulsatility Indices and Ratio and Its
Usefulness at High Risk Pregnancy; Doppler of
cerebral-umbilical P1 high risk pregnancy, 2021

22. Dantas AMA, Palmieri ABS, Vieira MR, Souza
MLR, Silva JC. Doppler ultrasonographic assessment
of fetal middle cerebral artery peak systolic velocity in
gestational diabetes mellitus. Int J Gynaecol Obstet
2019; 144(2): 174-179.

23. Fadda GM, D'Antona D, Ambrosini G, et al.
Placental and fetal pulsatility indices in gestational
diabetes mellitus. J Reprod Med 2001; 46(4): 365-70.
24. Niromanesh S, Shirazi M, Eftekhariyazdi M, et al.
Comparison of umbilical artery doppler and middle
cerebral arterial doppler assessments of fetal well-

being in mothers with diabetes mellitus: A prospective
study. Iran Red Crescent Med J 2017; 19: e42682.

17


http://caspjrm.ir/article-1-239-en.html
http://www.tcpdf.org

