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Purpose: To evaluate fetal interventricular septum (IVS) volume in pregnant women with gestational diabetes mellitus (GDM) and
compare it with that of healthy pregnant women using 4D ultrasound with spatiotemporal image correlation (STIC) and virtual organ
computer-aided analysis (VOCAL) methods.

Patients and Methods: This prospective cross-sectional study was conducted at Bhumibol Adulyadej Hospital, Royal Thai Airforce,
Bangkok, Thailand, from November 2024 to March 2025. Pregnant women with a gestational age (GA) between 29 and 34 weeks
were enrolled and divided into two groups: GDM and healthy controls. Fetal IVS volume was measured using 4D ultrasonography
with STIC and VOCAL. Maternal, fetal, and demographic data were collected and analyzed.

Results: A total of 111 participants were included: 63 in the GDM group and 48 in the control group. The GDM group was
significantly older (33.0 vs 27.9 years) and had a higher BMI (31.1 vs 26.8 kg/m?). Mean fetal IVS volume was significantly greater in
the GDM group (347.1 mm® vs 221.5 mm®). Adverse neonatal outcomes were comparable. The cut-off fetal IVS volume for predicting
neonatal hyperbilirubinemia (HBB) and respiratory distress syndrome (RDS) was 419.8 mm”. Sensitivity for predicting HBB and RDS
was 55.0 and 56.0%, with negative predictive values of 94.0 and 95.2%, respectively.

Conclusion: Fetal IVS volume was significantly higher in GDM pregnancies. A cut-off value of 419.8 mm® may be useful in predicting
HBB and RDS risk, with high negative predictive value, suggesting its potential as a screening tool during the early third trimester.
Keywords: fetal interventricular septum, diabetes mellitus, pregnancy, four-dimensional ultrasonography

Introduction

Diabetes mellitus (DM) in pregnancy included both DM that was diagnosed before pregnancy and DM that occurred
during pregnancy known as gestational diabetes mellitus (GDM). In Thailand, there were more than 6.5 million DM
patients in 2024 and the trend kept on rising.' At Bhumibol Adulyadej Hospital (BAH), the prevalence of DM in
pregnancy in 2024 was 24.7%.
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DM in pregnancy causes various adverse pregnancy outcomes effecting both mother and fetus, for example,
pregnancy induced hypertension (PIH), preterm birth, hyperbilirubinemia (HBB) of newborn and large for gestational
age.”” Diabetes in pregnancy was also associated with fetal heart structural anomalies and functional impairment,
including septal defects and cardiac hypertrophy.*”’ Maternal and fetal hyperglycemia induced fetal hyperinsulinemia.
Insulin was cardiomyotrophic hormone. Increment of cardiac septum volume was its consequence.*”’ Fetal echocardio-
graphy can be used to evaluate these anomalies. Fetal cardiac hypertrophy was reported to be an important etiology of
dead fetus in utero (DFIU) as it was an important risk for heart failure in utero.® Poorly controlled DM may result in
adverse neonatal outcomes such as neonatal intensive care unit (NICU) admission, stillbirth and neonatal death.® '

Traditionally, myocardial thickness was assessed by measuring interventricular septum (IVS) thickness using
M-mode and 2-dimensional (2D) ultrasound. However, the 2D ultrasonography technique might have limited sensitivity,
especially for mild cardiac hypertrophy cases. The 4-dimensional (4D) ultrasound, which includes spatiotemporal image
correlation (STIC) and the virtual organ computer-aided analysis (VOCAL) method, provides better identification of fetal
heart ventricular wall edges.'' Measurements of the fetal IVS could be done with higher accuracy. Earlier diagnosis of
fetal cardiac hypertrophy would be achieved with 4D ultrasonography.''

This study aimed to evaluate the fetal IVS volumes in GDM and healthy pregnant women using 4D ultrasound with
STIC and VOCAL methods. Correlations between abnormal fetal IVS volume and adverse pregnancy outcomes were
also studied.

Materials and Methods

The study protocol was approved by Bhumibol Adulyadej Institutional Review Board (BAIRB) (IRB registration
Number 62/67) In June 2024. The clinical trial registration number was TCTR20241016006. Consent forms were
obtained from all the participants. This study was a prospective cross-sectional study to assess fetal IVS volumes in
fetuses of GDM and healthy pregnant women using 4D ultrasound with STIC and VOCAL methods.

Singleton pregnant women were recruited from the antenatal care clinic (ANC) of the department of obstetrics at the
BAH, Royal Thai Air Force, Bangkok, Thailand, between November 2024 and March 2025. The population was divided
into two groups: the GDM group and the healthy group. The inclusion criterion was singleton pregnancies with
gestational age (GA) from 29 to 34 weeks. The GA was based on the last menstrual period (LMP) as confirmed by an
ultrasound examination performed before 20 weeks of gestation. All pregnant women had their ANC and were delivered
at BAH. The exclusion criterions were fetuses with concurrent cardiac anomalies or chromosomal abnormalities and
overt or pre-gestational DM mother.

DM screening was offered to all pregnant women. Overt or pre-gestational DM was diagnosed when hemoglobin-Alc
was greater than 6.5%, random blood sugar during the first trimester or at mother’s first ANC visit that exceeded 200 mg/
dL and a fasting blood sugar greater than 126 mL/dL. Overt DM was excluded. A 75-g oral glucose tolerance test
(OGTT) was used as a diagnostic test for GDM with a cut-off of >92 mg/dL fasting blood sugar, >180 mg/dL after
one hour, >153 mg/dL after two-hours.

All pregnant women included in this study were examined once using the Voluson E8 and Voluson E10 apparatus
(General Electric Medical System, Zipf, Austria) with a convex and volumetric (RAB 4-8 L) probes. The acquisition
angle was 30 to 40 degrees with an acquisition time of 10 to 15 seconds. Fetal echocardiograms were performed by
multiple specialists of our maternal and fetal medicine department.

The ultra-sonographic study was initially performed by systematic evaluation of the fetal heart using 2D ultrasound.
Then the probe was then positioned to obtain a four-chamber view of fetal heart. 4D cardiac volumes were acquired using
STIC method during fetal rest and maternal apnea. The 4D cardiac volume images were obtained three times,
respectively. Only one of the three 4D cardiac volume images, selected by the examiner for the best quality, was
analyzed offline.

The axial plane of the multiplanar mode was selected to perform the off-line measurements of the fetal IVS volume
using the viewpoint program version 6.0 (General Electric Medical System, Zipf, Austria). The IVS was measured at the
ventricular ends of both ventricles during the diastolic phase of the cardiac cycle, which is the widest period of the
ventricles. The 4D cardiac volume image was rotated around the horizontal view to position the apex of the fetal heart to
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12 o’clock. The VOCAL method was then used to manually draw a figure around the ventricular septal edge (Figure 1).
The 4D cardiac image was then rotated 30 degrees around the horizontal axis. This process was repeated six times. The
software then automatically calculated the fetal IVS volume. The intraclass correlation coefficient was calculated. The
values were 0.97 and 0.98 for single and average measurement, respectively.

Sample size calculation was calculated based on Bravo-Valenzuela’s work.'? Fetal IVS volume of GDM and control
groups in Bravo-Valenzuela’s work was 0.3 + 0.2 and 0.2 = 0.1 cubic centimetre.'* Study and control groups’ ratio were
1/1. The alpha and beta error rates were set at 0.05 and 0.15, respectively. The minimum number of cases per group was
at least 45. Due to long period of follow up, healthy group has high possibility to deliver at other hospital. Fifty percent
compensation was added. The total sample size in both the study and healthy groups was 67 cases per group.

Clinical variables such as maternal age, parity, body mass index (BMI), GA at the time of ultrasound examination
were collected. Others clinical outcomes, namely as preterm delivery, low Apgar score, NICU admission, length of stay,
neonatal birth weight, neonatal hypoglycemia, neonatal hyperbilirubinemia (HBB), respiratory distress syndrome of new
born (RDS), stillbirth, birth injury and PIH were then collected by medical document review.

Data analysis was conducted using Statistical Package for the Social Sciences (SPSS), version 20 (IBM Corp.,
Armonk, NY, USA). Continuous variables were expressed as means with standard deviations. While categorical data
were summarized as frequencies and percentages. To compare the two groups, f-test and chi-square were applied.
Analysis of covariance (ANCOVA) was used to control for differences between the two groups. A p-value less than 0.05
was considered statistically significant.

Results

A total of 111 singleton pregnancies were included as shown in Figure 2. Sixty three and 48 patients with GDM and
healthy patients were included, respectively. Participants in the study group were older (33.0 vs 27.9 years) and had
a higher BMI (31.1 vs 26.8 kg/m?) than those in the healthy group, with statistically significant differences. Other
demographic data, namely GA and parity in both groups were comparable. Mean fetal IVS volume of the study group

RA LA

Figure | Axial plane of fetal interventricular septum measurements.
Abbreviations: LV, left ventricle; RY, right ventricle; RA, right atrium; LA, left atrium; IVS, fetal interventricular septum.
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Participants
Enrollment (”=1I50)
759 OGTT
Excluded(n=16)
Allocation
GDM Healthy
(n=67) (n=67)
Excluded Excluded
(n=4) (n=19)
Analysed GDM Healthy
(n=63) (n=48)

Figure 2 Flow chart of study of fetal interventricular septum measurement between DM and control groups.
Abbreviations: STIC, spatio-temporal image correlation; GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test.

was significantly higher than that of the healthy group (347.1 vs 221.5 mm®). After age and BMI adjustment by
ANCOVA, 1VS volume of the study group was still higher than that of the healthy group (p-value = 0.003). Other
adverse neonatal outcomes, namely preterm birth, RDS, HBB, PIH and NICU admission of both groups were comparable
as presented in Table 1. There were no cases of low Apgar scores or stillbirths in this study. Only one case of a forceps

mark on the newborn’s face was reported in the healthy group.

Table | Clinical and Ultra-Sonographic Characteristics of the

Healthy and GDM Pregnant Woman (n = |1 1)

Healthy (n = 48) | GDM (n = 63) | p-value
Age (years)* 27.9 + 6.6 33.0 + 53 <0.001
GA (days)** 222.7 + 86 223.0 £ 85 0.87
Multiparity* 28 (58.3) 39 (61.9) 0.70
BMI (kg/m2)** 268 + 4.8 301 & 6. <0.001
IVS (mm?)** 221.5 + 149.1 347.1 £ 189.0 0.003
PD* 4(8.3) 5(79) 1.00
PIH* I (2.0) 4 (6.3) 039
NICU admission* 5 (10.4) 4 (7.9) 0.50
LOS (days)** 48 + 47 4.1%23 0.3
LBW* 5 (10.4) 6(9.5) 0.88
Hypoglycemia* 0 (0) 2 (32) 0.5
Hyperbilirubinemia* 5 (10.4) 6 (9.5) 0.88
RDS* 4 (8.3) 5(7.9) 0.94

Notes: *n (%); **mean * standard deviation (SD).

Abbreviations: GDM, gestational diabetes mellitus; GA, gestational age; BMI, body
mass index; IVS, fetal interventricular septum volume p-value of IVS came from adjusted
of age and BMI by analysis of co-variance test (ANCOVA); PD, preterm delivery; PIH,
pregnancy induce hypertension; NICU, neonatal intensive care unit; LOS, length of stay;
LBW, low birth weight; RDS, respiratory distress syndrome of newborn.
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Table 2 Cut Points Level of Fetal Interventricular Septum (IVS) Volume to Predict
Hyperbilirubinemia (HBB) and Respiratory Distress Syndrome (RDS) of Newborn

Cut Point (mm?®) | Sensitivity* | Specificity* | PPV#* | NPV* | Accuracy* | AUC

HBB 419.8 55.0 78.0 214 94.0 757 0.63
RDS 419.8 56.0 77.0 17.9 95.2 75.7 0.63

Note: *Percentage.
Abbreviations: PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve.

Table 2 presented the predictive values of fetal IVS volume for predicting adverse neonatal outcomes namely HBB
and RDS. The cut-off point of fetal IVS volume to predict HBB and RDS was 419.8 mm® (Figure 3). The sensitivities of
fetal IVS volume to predict HBB and RDS were 55.0 and 56.0%, respectively. The negative predictive values (NPVs) of
fetal IVS volume were 94.0 and 95.2%, respectively.

Discussion

During the study period, a high percentage of healthy subjects delivered at other hospitals. One-quarter (19 out of 67) of
the healthy group returned to their hometowns for delivery. Bhumibol Adulyadej Hospital (BAH) is located in the
northern part of Bangkok. Many participants who worked and lived in this area originally came from rural regions. After
delivery patients usually raise their babies with their own parents in their home town. Subjects in the study group were
aware of their disease and the risk of their babies. Only a few of them (4 out of 67) returned to their hometown hospital to
deliver their babies.

Participants in the GDM group were older (33.0 vs 27.9 years), more obese (31.1 vs 26.8 kg/m?), and had higher fetal
IVS volume (347.1 vs 221.5 mm®) than those in the healthy group, with statistically significant differences. After
adjusting for age and BMI, the fetal IVS volume in the study group remained higher than in the healthy group. Compared
to previous studies, Simjak, Soylemez, Samath, and Turgut reported that the fetal IVS thickness in diabetic subjects was
significantly higher than in the healthy group.'* '® Sapanont from Thailand reported that the fetal IVS thickness of the
overt DM subjects and GDM was similar.'” All Simjak’s, S6ylemez’s, Samath’s and Turgut’s studies, subjects’ age of
DM and healthy groups were comparable.'> '® However, Sapanont’s study revealed higher age of GDM pregnant woman
than those of overt DM pregnant woman.'” The IVS thickness of the diabetic and control groups in Sapanont’s study was
similar.'” Bravo-Valenzuela’s study from Brazil in 2022 reported that fetal IVS by volume measurement of overt DM
pregnant woman was higher than those of the healthy group even though the overt was younger than appeared healthy.'>
In the current study, the age of participants in the study group was significantly higher than that of participants in the
control group. Their fetal IVS volume was higher than that of the control group and remained higher after adjusting for
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Figure 3 Receiver operative curves (ROC) of fetal IVS volume to predict HBB and RDS.
Abbreviations: HBB, hyperbilirubinemia of newborn; RDS, respiratory distress syndrome of newborn; AUC, area under curve; NPV, negative predictive value.
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age. We suggested that age was not the dependent factor for fetal IVS and recommended that IVS volume measurement
to be used for prediction of adverse neonatal outcomes among GDM mothers.

In the studies by Simjak, S6ylemez, and the current study, the BMI of participants with diabetes was higher than that
of the healthy group.'*'* Fetal IVS measurement from both thickness and volume technique in diabetic subjects were
significantly higher than values from the control group.'*'* In the current study, after adjusting for BMI in both groups,
the fetal IVS volume of the study group remained higher than that of the healthy group. Compared those former works to
Sapanont’s study, subjects in Sapanont’s were only GDM and overt DM, the investigators reported comparable BMI
between GDM and overt DM groups.'’ Sapanont concluded that the fetal IVS thickness was similar between the two
types of DM."” From the current study, fetal IVS by volumetric measurement of diabetic group was higher than that of
healthy group. In this study, BMI was not found to be a dependent factor for fetal IVS volume. Comparison of the current
to the previous study were summarized and presented in Table 3. Differences of population and methodology of the
previous studies, deeper exploration of differences of the present to the previous studies were difficult.

According to Table 2, participant with fetal IVS volume less than 419.8 mm® has less possibility to develop HBB and RDS
at birth with NPV at 94.0 and 95.2%, respectively. The high NPV could ensure the pregnant woman and attending physician
that her baby has low possibilities to develop RDS and HBB within the next three months. The sensitivity of fetal IVS volume
measurement was only 55 and 56% for HBB and RDS, respectively. Positive predictive values (PPV) of fetal IVS volume
were very low at 21.4 and 17.9% for HBB and RDS prediction. The benefit of measuring fetal IVS volume was its high NPV,
which helps ensure a low risk of the neonate developing HBB and RDS. If the fetal IVS volume exceeds the threshold of
419.8 mm’, the attending physician can be alerted to the possibility of early detection of HBB and RDS. HBB can be detected
at birth through a small amount of neonatal blood testing, while RDS can only be diagnosed by close observation after birth.
We suggest that fetal IVS volume measurement be performed in pregnant women with GDM during the early third trimester
(29-34 weeks). The unexpected case loss might be the limitation of this study. The identical 419.8 mm? cutoff for both HBB
and RDS, with near-identical predictive metrics, might be another limitation of study from overfitting or arbitrary ROC
selection that needed the more number of subjects in the next study.

Table 3 Comparisons of Interventricular Septum Measurements Study of the Current to the
Previous Studies

Present Simjak | Soylemez | Turgut | Sapanont | Valenzuela | Samath
Country Thailand Czech Tirkiye Turkiye Thailand Brazil India
Year 2025 2024 2024 2022 2022 2022 2020
Type GDM/H Overt/H GDM/H GDM/H | GDM/Overt Overt/H GDM/H
Cases 68/43 62/30 19/21 307/200 114/31 45/45 152/95
GA (week) 29-34 28-32 28-36 20-22 1840 20-34 >24
Age (year) 33.0/27.9% | 31.4/32.5 29.9/28.4 33/32 33.7/31.2% 28.7/32.0% 30/29
BMI (kg/m?) | 31.1/26.8% | 23.8/21.4% | 28.1/25.2% 27.9/29.8
IVS Vol T T T T Vol T
IVS, s> C Y Y Y Y No Y Y
HBB (%) 9.5/10.4
RDS (%) 7.9/8.3
LBW (%) 9.5/10.4 3.3/45
PD (%) 7.9/8.3 13.3/8.7
NICU (%) 7.9/10.4 3.3/34
Mode (%) STIC B, M, PW M B STIC, M STIC

Note: *Significant.

Abbreviations: H, healthy group; S, study group; C, control group; IVS, S > C, fetal interventricular septum measurement of
study group > control group either volume or thickness; GDM, gestational diabetes mellitus; CO, cardiac output; BS, blood
sugar; NS, non-significant; CF, cardiac function systolic and diastolic; IVS, fetal interventricular septum; Sl, spherical index; NICU,
NICU admission; T, thickness; Vol, volume; PV-PSV, pulmonary valve-peak systolic velocity; STIC, spatio-temporal image
correlation; B, B-mode ultrasound; M, M-mode ultrasound; PW, spectral pulsed-wave Doppler; PD, preterm delivery; Mode,

ultrasound mode.
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In conclusion, fetal IVS volume measured during the early third trimester in pregnant women with GDM was higher
than that measured in healthy pregnant women. The cut off value of fetal IVS volume from the current study was
419.8 mm’ for HBB and RDS prediction. A high NPV (94.0 and 95.2%) of fetal IVS volume was observed. We suggest
that fetal IVS volume measurement be performed routinely in pregnant women with GDM during the early third
trimester to help identify those at low risk for HBB and RDS or to raise early alert for their occurrence and compensation
of low sensitivity of this test.
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