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ORIGINAL ARTICLE

Prediction of Fetal Macrosomia Using
Ultrasonographic Measurements of Placental Volume
and Thickness, Umbilical Cord Thickness, Fetal
Interventricular SeptumThickness inPregnantWomen
With Gestational Diabetes

Mofeed Fawzy Mohamed, Muhamed Ahmed Abdelmoaty,
Mahmoud Abdelhameed Elswerky*

Department of Obstetrics and Gynecology, Faculty of Medicine for Boys, Al-Azhar University, Cairo, Egypt

Abstract

Background: Fetal macrosomia is recognized to be at risk due to diabetes throughout pregnancy.
Objective: Evaluation of the impact of ultrasound measurements of placental volume and thickness, umbilical cord

thickness, and fetal interventricular septum thickness in fetal macrosomia prediction in pregnant women with gesta-
tional diabetes.
Patients and methods: After receiving their consent, 70 gestational diabetes-positive pregnant women were enrolled in

the study. They were then split into two equal groups: the study group, which included 35 patients with gestational
diabetes was diagnosed, and the control group, which included 35 pregnant women in good health who were gathered
from the obstetric inpatients and outpatient clinics of Al-Hussein and Al-Azhar University Hospitals and attended for
routine antenatal care. At 27e28 weeks' gestation and again at 36e37 weeks’ gestation, ultrasound exams were used to
measure the volume and thickness of the placenta, the thickness of the umbilical cord, and the thickness of the fetal
interventricular septum.
Results: The umbilical cord thickness (cm) 2.77 0.72 versus 2.06 0.44, the interventricular septum thickness (cm) 0.85 0.20

versus 0.53 0.08, and the placental volume (cm3) were all statistically significantly higher in the GDM and macrosomic
group compared with the controls; however, the placental thickness (cm) was statistically significantly lower in the GDM
and macrosomic group compared with the controls.
Conclusion: In situations of pregnancy with gestational diabetes mellitus, sonographic evaluation of interventricular

septum thickness was the most reliable indicator of fetal macrosomia.

Keywords: Diabetes, Interventricular septum, Macrosomia, Placenta, Umbilical cord

1. Introduction

E gypt has a broad variation in the reported
prevalence of GDM, similar to most other

countries. It was shown that out of 250 pregnant
women who visited a rural family health clinic in
Egypt, 8% of them had GDM.1

It has a variety of effects on the mother and fetus.
Children of diabetes mothers are more susceptible

to macrosomia, a major cause of maternal and fetal
morbidity.2

Regardless of the gestational age at which it was
discovered, gestational diabetes mellitus is
described as ‘any degree of glucose intolerance with
onset or first recognition during pregnancy’.3

A birth weight that exceeds the 90th percentile,
two standard deviations above the gestational age,
or 4000 g is referred to as macrosomia.4
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Diabetic pregnancy might be a factor. Human
chorionic gonadotropin, oestrogen, progesterone,
prolactin, and cortisol are among the high levels of
maternal and placental hormones that are hypoth-
esized to have an impact on the development of
gestational insulin resistance. All things considered,
these changes cause the mother's fasting blood
sugar levels to drop but her postprandial glucose
levels to climb steadily and for a longer time.5

Macrosomic fetuses are susceptible to a variety of
delivery difficulties, including shoulder dystocia,
labor issues, brachial plexus injuries, and fetal bone
damage.6

Increased rates of surgical deliveries, third- and
fourth-degree perineal abrasions, postpartum in-
fections, and postpartum hemorrhages are all
maternal complications.7

Predicting macrosomia antenatally is crucial so
that efforts can be made to offer tailored intra-
partum care, which is necessary to prevent the
problems related to the delivery of macrosomic fe-
tuses. The conventional method is called ‘biometric
estimation of fetal weight’ (EFW), and it involves
measuring a variety of measures, most frequently
the femur length (FL), the biparietal diameter (BPD),
and the abdominal circumference (AC).8

Particularly in cases with GDM, the formation of
this subcutaneous fat in the macrosomic fetus is
more pronounced.9

This research aims to explore the impact of ultra-
sonographic evaluations of placental volume and
thickness, umbilical cord thickness, and fetal inter-
ventricular septum thickness in predicting fetal mac-
rosomia inpregnantwomenwithgestational diabetes.

2. Methods

Between December 2021 and April 2023, pregnant
women who met the following criteria and received
routine antenatal care at theAl-Hussein andAl-Azhar
University Hospitals’ Obstetrics and Gynecology
Department, Obstetric Inpatients, and Outpatient
Clinic were included in this case control research.

2.1. Inclusion criteria

Women who had singleton pregnancies at gesta-
tional ages of 27e28 weeks with gestational diabetes
and normal umbilical cord morphology (two ar-
teries and one vein) were enrolled.

2.2. Exclusion criteria

Women with a history of smoking or drinking
alcohol were excluded, also, those who had multi-

fetal pregnancy, fetal congenital abnormalities,
chronic illnesses, placenta previa, oligohydramnios,
preeclampsia, intrauterine growth restriction, pre-
term labor, or any of these conditions.

2.3. Study procedures

The study involved 70 pregnant women who were
divided into two groups: the study group, which
included patients with gestational diabetes, and the
control group, which included healthy mothers who
attended the antenatal care clinics of Al- Hussein
and Al-Azhar University Hospitals as usual.

2.4. 2D TransAbdominal sonography

To assess placental volume and thickness, um-
bilical cord thickness, and fetal interventricular
septum thickness, ultrasound exams were carried
out using a Medison RS 3.7-mHz Convex trans-
abdominal probe at 27e28 weeks of gestation and
again at 36e37 weeks.
When the estimated fetal weight was over 4000 g,

macrosomia was taken into account.
Also, age, BMI, parity, mode of delivery, estimated

birth weight by ultrasonography, fetal sex, HbA1c,
and umbilical cord thickness were recorded for all
cases.
The primary outcome of the current study was to

determine whether it was possible to predict fetal
macrosomia using the thickness of the umbilical
cord, the volume and thickness of the placenta, and
the thickness of the interventricular septum.
Gestational age at birth, fetal weight, NICU admis-
sion, and newborn hypoglycemia were secondary
outcomes (Figs. 1-4).

Fig. 1. Placental volume.
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2.5. Statistical analysis

The statistical software for social sciences, version
23.0 (SPSS Inc., Chicago, Illinois, USA), was used to
evaluate the recorded data.

3. Results

Table 1.
This table shows:
The study included participants ranging in age

from 19 to 38 (mean age, 27.96 6.24 years). The BMI
ranged from 20 to 35, with a mean of 27.24 4.74; the
parity ranged from 0 to 4 with a median of 2 (1e3);
the GA ‘wks.’ at admission ranged from 27 to 28,
with a mean of 27.51 0.42; the consanguinity rate was
19.1%; the proportion of rural patients was 24; and
the proportion of regularity, 52; was 74.3% among
all women. There was no statistically significant
difference between study groups as regard de-
mographic data (Fig. 5, Table 2).
This table shows:
A statistically significant difference in the mean

placental volume between the GDM and control
groups (P value ¼ 0.004); moreover, a statistically
significant difference in the mean placental
thickness between the GDM and control groups
(P value ¼ 0.002); In addition, the GDM group's
mean umbilical cord thickness was larger than
that of the control group by a very statistically
significant margin (P < 0.001) (Figs. 6 and 7,
Table 3).
This table shows:
A statistically significant increase in CS was

observed in the GDM group compared to the con-
trol group, with a P value of 0.047; additionally, there
was a statistically significant higher mean value of
fetal birth weight in the GDM group compared to
the control group, with a P value of P < 0.001, and a
statistically significant lower mean value of GA
‘wks.’ at delivery in the GDM group compared to
the control group (Fig. 8, Table 4).
This table shows:
Receiver-operating characteristics (ROC) curve

was performed for placental volume and
demonstrated an area under the curve of 0.672
(0.549e0.779) with P value 0.008. The best cut-off
value for prediction of fetal macrosomia was >418,
with sensitivity 62.8% and specificity 60%; Also,
placental thickness and demonstrated an area
under the curve of 0.744 (0.626e0.841) with P
value < 0.001, with sensitivity 65.7% and specificity
74.3%. While, umbilical cord thickness and
demonstrated an area under the curve of 0.777
(0.661e0.868) with P value < 0.001, with sensitivity

Fig. 3. Umbilical cord thickness.

Fig. 4. Placental thickness.

Fig. 2. Interventricular septum thickness.
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60% and specificity 82.9%. As for the interventric-
ular septum thickness and demonstrated an area
under the curve of 0.927 (0.840e0.976) with P
value < 0.001, with sensitivity 74.3% and specificity
88.6%; as well as HbA1c and demonstrated an area
under the curve of 0.999 (0.946e1.000) with P
value < 0.001, with sensitivity 83.3% and specificity
100%.
The area under the curve indicates that the

Placental volume (cm3), Umbilical cord thickness
(cm), Interventricular Septum Thickness (cm) a
good of Predictor of fetal macrosomia, with P value
(P < 0.05) (Fig. 9).

Table 1. Comparison between groups according to demographic data.

Demographic data GDM group
(n ¼ 35)

Control group
(n ¼ 35)

Test value P value

Age (years)
Mean ± SD 27.49 ± 6.20 28.43 ± 6.32 �0.630 0.531
Range 19e38 20e38

BMI [wt/(ht)ˆ2]
Mean ± SD 27.20 ± 4.92 27.49 ± 4.62 �0.250 0.803
Range 20e34 20e35

Parity
Median (IQR) 2 (1e3) 2 (1e3) 0.384 0.702
Range 0e4 0e3

GA ‘wks.’ at admission
Mean ± SD 27.46 ± 0.51 27.57 ± 0.50 �0.949 0.346
Range 27e28 27e28

Consanguinity
No 24 (68.6%) 27 (77.1%) 0.650 0.420
Yes 11 (31.4%) 8 (22.9%)

Residence
Rural 11 (31.4%) 13 (37.1%) 0.254 0.615
Urban 24 (68.6%) 22 (62.9%)

Regularity
No 11 (31.4%) 7 (20.0%) 1.197 0.274
Yes 24 (68.6%) 28 (80.0%)

Table 2. Comparison between groups according to placental volume (cm3), placental thickness (cm), umbilical cord thickness (cm), interventricular
septum thickness (cm) & HbA1c.

GDM group
(n ¼ 35)

Control group
(n ¼ 35)

Test value P value

Placental volume (cm3)
Mean ± SD 497.09 ± 157.64 400.86 ± 109.53 2.966 0.004*
Range 285e810 240e722

Placental thickness (cm)
Mean ± SD 3.50 ± 0.52 3.90 ± 0.41 �3.619 0.002*
Range 2.8e4.7 3e4.3

Umbilical cord thickness (cm)
Mean ± SD 2.77 ± 0.72 2.06 ± 0.44 4.953 <0.001**
Range 1.6e4 1.3e2.8

Interventricular Septum Thickness (cm)
Mean ± SD 0.85 ± 0.20 0.53 ± 0.08 8.905 <0.001**
Range 0.56e1.14 0.41e0.65

HbA1c
Mean ± SD 6.60 ± 0.62 5.16 ± 0.42 11.363 <0.001**
Range 5.6e7.6 4e5.5

*P-value < 0.05 is significant.
**P-value < 0.001 is highly significant.

Fig. 5. Comparison between groups according to GA ‘wks.’ at admission.
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4. Discussion

Shinde et al. (2021) concluded that placental
thickness on ultrasonography gave a clear picture of
the connection between the increase in prenatal and
postpartum complications caused by a thin placenta
and birth weight in the second and third
trimesters.10,11

Momen Gharibvand et al. in 2020 concluded that
placenta thickness and, therefore, cord area increase
in mothers with gestational diabetes, independent
of alterations caused by macrosomia and fetal
weight.12

A 1995 research by Clampp et al. found a signifi-
cant correlation between birth weight and placenta
development in the second trimester.13

Fig. 6. Comparison between groups according to placental thickness
‘cm’.

Fig. 7. Comparison between groups according to interventricular septum
thickness ‘cm’.

Table 3. Comparison between groups according to neonatal outcome.

Neonatal outcome GDM group
(n ¼ 35)

Control group
(n ¼ 35)

Test value P value

GA ‘wks.’ at delivery
Mean ± SD 37.80 ± 1.08 39.34 ± 1.41 �5.134 <0.001**
Range 36e39 37e41

Mode of delivery
CS 22 (62.9%) 14 (40.0%) 3.621 0.047*
VD 13 (37.1%) 21 (60.0%)

Sex
Female 16 (45.7%) 14 (40.0%) 0.233 0.629
Male 19 (54.3%) 21 (60.0%)

Fetal birth weight (gm)
Mean ± SD 3727.03 ± 447.65 3271.14 ± 307.99 4.964 <0.001**
Range 3150e4570 2890e3995

Macrosomia
Macrosomia 6 (17.1%) 0 (0.0%) 8.258 FE < 0.001**
Non-Macrosomia 29 (82.9%) 35 (100.0%)

NICU admissions
No 28 (80.0%) 33 (94.3%) 3.188 FE0.074
Yes 7 (20.0%) 2 (5.7%)

Neonatal hypoglycemia
No 32 (91.4%) 35 (100.0%) 3.134 FE0.077
Yes 3 (8.6%) 0 (0.0%)

*P-value < 0.05 is significant.
**P-value < 0.001 is highly significant.

Fig. 8. Comparison between groups according to macrosomia.
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Kartikayan et al. (2012) discovered a connection
between placental thickness, gestational age, and
fetal growth.14

In addition, a 2016 research by Halil et al. found
that GDM patients had a larger placenta and thicker
cords in both the diastolic and systolic stages of the
disease. These results are consistent with what our
research found. The criteria for fetal weight,
placenta thickness, and cord diameter are greater in
fetuses whose mothers have diabetes, even with
normal results.15

Consistent with the results of this investigation, a
study by Andrea et al. (2015) found that the placental
weight and volume in diabetes mothers were
greater than in normal pregnancies.16

In addition, our results are at odds with those of
Taricco et al. (2006), who showed that the fetal
weight was lower than the placental weight in
pregnant women with GDM. The present study's
findings showed that mothers with gestational dia-
betes had bigger cord diameters and placental
thicknesses than women in the control group.17

Abdelrahman and Salama (2018) corroborated our
results and showed how useful sonographic as-
sessments of the thickness of the umbilical cord, the
interventricular septum, and the hemoglobin A1c

level are in predicting fetal macrosomia in women
with gestational diabetes mellitus.18

According to studies conducted in 2013 by Proctor
et al., a thinumbilical cordduring the second trimester
may result in low birth weight and higher fetal
discomfort during childbirth. They also showed a
relationship betweenmeasures of the umbilical cord's
diameter and area and elevated fetal macrosomia.19

Consistentwith ourmost recent data, Kc et al. (2015)
showed that moms with macrosomic pregnancies
were more likely than mothers of non-macrosomic
babies to deliver via cesarean section.20,21

4.1. Conclusion

In situations of pregnancy with gestational dia-
betes mellitus, sonographic evaluation of interven-
tricular septum thickness was the most reliable
indicator of fetal macrosomia. It is advised to utilize
routine Hadlock's equation in conjunction with ul-
trasonographic measurements of the placental vol-
ume and thickness, the thickness of the umbilical
cord, and the thickness of the fetal interventricular
septum when these measurements are available to
predict fetal macrosomia in pregnant women with
gestational diabetes.

Table 4. Receiver-operating characteristic (ROC) curves employing placental volume (cm3), placental thickness (cm), umbilical cord thickness (cm),
interventricular septum thickness (cm), and HbA1c to distinguish individuals with or without fetal macrosomia.

Items Cut-off Sen. Spe. PPV NPV AUC (C.I.95%) P value

Placental volume (cm3) >418 62.8% 60% 62% 61.8% 0.672 (0.549e0.779) 0.008
Placental thickness (cm) <3.8 65.7% 74.3% 71.9% 68.4% 0.744 (0.626e0.841) <0.001
Umbilical cord thickness (cm) >2.4 60.0% 82.9% 77.8% 67.4% 0.777 (0.661e0.868) <0.001
Interventricular Septum Thickness (cm) >0.64 74.3% 88.6% 86.7% 77.5% 0.927 (0.840e0.976) <0.001
HbA1c >7.2 83.3% 100% 100% 98.5% 0.999 (0.946e1.000) <0.001

Fig. 9. Using placental volume (cm3), placental thickness (cm), umbilical cord thickness (cm), interventricular septum thickness (cm), and HbA1c,
receiver-operating characteristic (ROC) curves are used to distinguish between individuals with and without prenatal macrosomia.
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