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Objective: The aim was to demonstrate the prevalence of fetal myocardial hypertrophy (FMH) in diabetes mellitus (DM) pregnant
women using spatio-temporal image correlation (STIC) M-mode.

Material and Methods: This prospective descriptive study was conducted at Bhumibol Adulyadej Hospital (BAH) Royal Thai Air
Force between April and December 2022. Participants were singleton DM pregnant women with gestational age (GA) between 18 and
40 weeks who had antenatal care and delivery at BAH. DM screening was randomized blood sugar obtained from all participants. All
participants underwent fetal heart exams by four-dimension ultrasound with STIC M-mode.

Results: One hundred and forty-five participants were recruited and classified as pregestational (PDM) and gestational DM (GDM) at
31 and 114 cases, respectively. The mean age of participants was 31.7 years old. Fasting blood sugar (FBS) of PDM was significantly
higher than GDM (105.1 vs 87.0 mg%). GDMA?2 had more elevated FBS than GDMA1 (p < 0.001). PDM had significantly greater
FBS and two-hour postprandial blood sugar (2hr-PP) than GDM (105.1/87.0 and 151.5/117.9 mg%, respectively). FBS and 2hr-PP of
GDMA?2 were more than GDMA1 with statistical significance. Good glycemic control of GDM was significantly better than PDM.
GDMALI had better glycemic control than GDMA?2 with statistical significance. Four-fifth (115/145) of participants had FMH. FMH
and estimated fetal weight among PDM and GDM were comparable. Both good and poor glycemic control had similar FMH. Neonatal
outcomes of FMH or non-FMH infants were similar.

Conclusion: The prevalence of FMH in diabetic pregnant women was 79.3%. Glycemic control had no correlation to FMH.
Keywords: STIC-M, gestational diabetes mellitus, pregestational diabetes mellitus, interventricular septal thickness

Introduction
Diabetes in pregnancy is one of the most common complications of pregnancy with an incidence of 15.8% worldwide.'
The risk of congenital heart anomalies in the fetus was increased with pre-existing diabetes in pregnant women, namely
transposition of the great arteries, persistent truncus arteriosus, and septal defect.* Simone’s fetal echocardiography
work on diabetic mothers found that it correlated with fetal cardiac structural abnormality and interfered with fetal
cardiac function.” Cardiac hypertrophy was found both in pregestational and gestational diabetes mellitus mothers.*
Impaired fetal cardiac function was found to be associated with adverse pregnancy outcomes and neonatal
morbidity.”® Cardiac hypertrophy could spontaneously be resolved in the postpartum period. However, in-utero and
cardiac dysfunction in the early neonatal period might persist with possibly long-lasting effects and predisposed
cardiovascular disease in adulthood.””
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Interventricular septal thickness (IVST) is one of the echocardiographic parameters for a fetal cardiac function that
assesses cardiac hypertrophy.* The gold standard for IVST measurement can be obtained with two-dimensional ultra-
sound using M mode and B mode."’

Spatio-temporal image correlation (STIC) was a four-dimensional ultrasound. In addition to two-dimensional ultra-
sound, this new 4D technique allowed us to obtain fetal cardiac volume and stored data for later use.'' The use of STIC
decreased time patient ultrasound time and gave physicians more leeway time to select the best location for M-mode.

This study aimed to detect fetal myocardial hypertrophy by using spatiotemporal image correlation M-mode (STIC-
M) in diabetic pregnant women.

Materials and Method

The protocol of this investigation was approved by Bhumibol Adulyadej Institutional Review Board (BAIRB) (registra-
tion number 16/65). The clinical trial registration number was TCTR2022031006. A prospective descriptive study was
conducted at Bhumibol Adulyadej Hospital (BAH) Royal Thai Air Force between April and December 2022. Informed
consent was obtained from all the participants.

A total of 145 singleton diabetes mellitus pregnant women at gestational age (GA) between 18 and 40 weeks who had
antenatal care and delivery at BAH were included. Exclusion criteria were evidence of congenital fetal anomaly of any
organ, fetal arrhythmia, chromosomal abnormalities, and possibly affected fetal circulation and function such as fetal
growth restriction, and low amniotic fluid.

DM screening was offered to all pregnant women at BAH. Random blood sugar was used as a screening test at 200 mg/dL
cutoff in the first trimester or the mother’s first visit. A 75-g glucose tolerance test (OGTT) was used as a diagnostic test for
gestational diabetes mellitus (GDM) with a cut-off of >92 mg/dL fasting blood sugar, >180 mg/dL after 1 hour, >153 mg/dL
after 2-hours. GDM was divided into diet control treatment (GDMA1) and insulin therapy (GDMA?2). Pregestational diabetes
mellitus (PDM) was diagnosed with a fasting blood glucose >126 mL/dL or HbAlc >6.5. Well glycemic control had to be
<95 mg/dL fasting blood glucose, <140 mg/dL 1-hour postprandial, and <120 mg/dL 2-hours postprandial (2hr-PP).

Singleton pregnant women diagnosed with DM were recruited in the study at gestational age 1840 weeks. All participants
received fetal echocardiogram examinations by four-dimension ultrasound with STIC (Figure 1), using a Voluson E8 (General
Electric Healthcare, Zipf, Austria) and Voluson E10 (General Electric Healthcare, Zipf, Austria) equipped with a volumetric
convex probe (GE RAB4-8L). The acquisition angle was 20 to 40 degrees with an acquisition time of 7.5 to 15 seconds.'? All
investigations were performed by one examiner. Images were acquired with a single automatic sweep in a transverse four-
chamber view. The region of interest (ROI) was selected to capture the entire fetal heart. The fetal cardiac volumes were obtained
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Figure | Flow chart of the study.
Abbreviations: STIC-M, fetal echocardiography with STIC-M technique measurement; Loss, loss to follow up due to delivery at another hospital; GDM, gestational
diabetes mellitus; PDM, pregestational diabetes mellitus; GDMAI, GDM with diet control; GDMA2, GDM with insulin therapy.

704 https: International Journal of Women’s Health 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Sapanont et al

and stored in DICOM. The offline volume was displayed in multiplane with 4D view software version 10.0 (General Electric
Medical System, Zipf, Austria) (Figure 2). The interventricular septum was selected as a reference point in planes A, B, and
C. Plane A was selected and then measured with STIC-M at the thickest point of the interventricular septum. Image from STIC-M
was measured for Biventricular outer diameter (BVOD), Left ventricular internal diameter in diastole (LVID), Right ventricular
internal diameter in diastole (RVID), Left ventricular wall thickness (LVWT), Right ventricular wall thickness (RVWT),
Interventricular septum thickness (IVST), Left ventricular internal diameter in systole (LVIS), Right ventricular internal diameter
in systole (RVIS), Left ventricular shortening fraction (LVSF) was calculated from (LVID — LVIS)/LVID. Right ventricular
shortening fraction (RVSF) was calculated from (RVID — RVIS)/RVID (Figure 3). All fetal cardiac measurements were compared
to the existing nomogram for STIC-M in Thailand."* Fetal myocardial hypertrophy (FMH) was considered when the measured

Figure 2 Transverse four-chamber view: gray-scale spatio-temporal image correlation (STIC) volume displayed in the multiplanar mode.
Notes: (A), plane A; (B), plane B; (C), plane C.

Figure 3 STIC-M measurement of fetal heart.
Abbreviations: BVOD, biventricular outer diameter; LVID, left ventricular internal diameter; RVID, right ventricular internal diameter; LVWT, left ventricular wall thickness;
RVWT, right ventricular wall thickness; IVST, interventricular septum thickness; LVIS, left ventricular internal diameter; RVIS, right ventricular internal diameter.
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values exceed 95 percentiles. Estimate fetal weight was calculated with the Hadlock formula from the biparietal diameter (BPD),
head circumference (HC), abdominal circumference (AC), and femur length (FL).

Pregnancy outcome gestational age at delivery, birthweight, preterm delivery, neonatal intensive care unit (NICU)
admission, and neonatal death were collected from hospital delivery records.

Statistical analyses were performed using Stata version 14 software (StataCorp. 2015. Stata Statistical Software:
Release 14. College Station, TX: StataCorp LP). Continuous data were statistically evaluated and expressed as mean
+standard deviation (SD) or median (interquartile range; IQR). Categories data was presented by Chi-square, Fisher’s
exact, and Mann—Whitney U-test with appropriate application.

Results

From 160 recruited participants, 15 dropped out resulting in a total of 145 participants. The average age was 31.2+5.7 in
the GDM group and 33.7+4.1 in the PDM group. The mean BMI of the PDM was higher than that of the GDM group
with no significance (29.8 vs 27.9 kg/m2, p-value= 0.138). However, the different BMI among the two GDM subgroups
was statistically not significant (p = 0.122).

The fasting blood sugar of the PDM group was significantly higher than that of the GDM group (105.1 vs 87.0 mg%,
p <0.001). GDMA2 cases had higher fasting blood sugar than GDMA1 (94.4 vs 82.3 mg%, p < 0.001). The 2hr-PP of
GDM was lesser than that of the PDM group with statistical significance (151.5 vs 117.9, p-value <0.001) as shown in
Table 1. GDMA?2 participants had significantly higher 2hr-PP levels than those with GDMA1 (137.1 vs 105.9 mg%, p <
0.001). The glycemic control of GDM cases was better than that of the PDM group (63.1% vs 22.5%, p < 0.001). Among
groups of GDM cases, GDMA1 had significantly better glycemic control than GDMA2 (80% vs 36.3%, p < 0.001).

IVST was the most common predictor of FMH. Among 145 cases of GDM and PDM, there were 115 cases of FMH
that were detected by the STIC technique of 4D ultrasonography. The prevalence of FMH in this study was 79.31%.
However, the prevalence of FMH among pregnancy with diabetes mellitus in each group was statistically insignificant as
shown in Table 1. The estimated fetal weight of the GDM and PDM groups was comparable. GDMA?2 had significantly
more incidences of large gestational age fetuses (LGA) than those found in GDMAL.

LVWT, RVWT, and IVST were ultrasonographic parameters of myocardial thickness. LVSF and RVSF were one of
the factors that represented fetal cardiac function. In the comparison of well and poor glycemic control groups, the
myocardial thickness was not statistically significant as shown in Table 2.

There was no difference in pregnancy outcome of gestational age at delivery, birthweight, preterm delivery, and NICU
between fetal myocardial hypertrophy and normal fetal heart as shown in Table 3. No neonatal death was found in this study.

Table | Maternal and Fetal Demographic Characters Between Gestational Diabetes Mellitus and
Pregestational Diabetes Mellitus (n = 145)

GDM; n(%) PDM; n(%) p-value GDM(n=114) p-value
Al (n=70) A2 (n=44)

Age(years)* 31.245.7 33.744.1 0.024 31.1£5.9 31.4+5.4 0.812
BMI (kg/m2)* 279458 29.817.6 0.138 27357 29.0+5.9 0.122
PGC 42 (36.8) 24 (77.4) <0.001 14 (20) 28 (63.6) <0.001
FBS* 87.04x11.3 105.16+29.9 <0.001 82.37+9.2 94.48+10.5 <0.001
2-hr PP** 110 (100, 136) | 148 (120, 176) | <0.001 104.5 (93, I16) | 133 (110.5, 161.5) | <0.00l
FMH 90 (78.9) 25 (80.6) 0.836 57 (81.4) 33 (75) 0412
EFW

AGA 80 (70.1) 23 (74.1) 0.313 54 (77.1) 26 (59.0) 0.126

SGA 8 (7.0) 0 (0) 4(5.7) 4 (9.0)

LGA 26 (22.8) 8 (25.8) 12 (17.1) 14 (31.8)

Notes: *Meanztstandard deviation (SD); **Median (interquartile range).

Abbreviations: BMI|, body mass index; PGC, poorly glycemic control; FBS, fasting blood sugar; 2-hr PP, 2-hours postprandial; FMH,
interventricular septal thickness of more than 95th percentile; EFW, estimate fetal weight; AGA, appropriate for gestational age; SGA,
small for gestational age; LGA, large for gestational age.
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Table 2 Relation Between Fetal Myocardial Hypertrophy and Glycemic
Control of Diabetes Mellitus

Well Poor p-value
Abnormal Normal Abnormal Normal
LVWT* 51 28 42 24 0.908
RVWT* 48 31 40 26 0.985
IVST* 60 19 55 Il 0.274
LVSF** 17 62 12 49 0.549
RVSF** 17 62 12 54 0.617

Notes: *Abnormal more than 95th percentile; **Abnormal less than 5th percentile.
Abbreviations: Well, well-controlled diabetes mellitus; Poor, poor-controlled diabetes melli-
tus; LVWT, left ventricular wall thickness; RYWT, right ventricular wall thickness; IVST,
interventricular septum thickness; LVSF, left ventricular shortening fraction; RVSF, right ven-
tricular shortening fraction.

Table 3 Relation Between Neonatal Outcome and Fetal
Myocardial Hypertrophy

Large; n(%) Normal; n(%) | p-value

GA* 37.8x1.5 37.6%1.1 0.589
BW* 3280.1+£587.9 3260.2+547.7 0.868

AGA 73 (63.4) 19 (63.3)

SGA 543) 1 (3.3)

LGA 37 (32.1) 10 (33.3)
Preterm delivery 10 (8.7) 4 (13.3) 0.489
NICU admission 4 (34) 1 (3.3) 1.000

Notes: *Meantstandard deviation (SD); Large: fetal myocardial hypertrophy;
Normal: no fetal myocardial hypertrophy. Preterm delivery: delivery before 37
weeks for gestational age.

Abbreviations: GA, gestational age; BW, birth weight; AGA, appropriate for
gestational age; SGA, small for gestational age; LGA, large for gestational age;
NICU admission, neonatal intensive care unit admission.

Discussion

The prevalence of FMH from this investigation was 79.3% by STIC-M technique. Cardiomyopathies were shown in 8—
11% of cardiovascular abnormality problems found in pregnancy. Palmieri’s work using 2D M-mode to measure fetal
myocardial thickness in 30.59 weeks GA mother showed 50.8% FMH prevalence.'* The higher prevalence found in this
work might be because the advanced technology allowed the practitioner more time and opportunity to carefully measure
fetal cardiac parameters.

Septal hypertrophy is the best representation of hypertrophic cardiomyopathy.

Even though the right ventricle and the posterior left ventricular wall are also affected, septal hypertrophy is the most
prominent feature due to the high amount of insulin receptors located there.'” The prevalence of FMH in this study
resulted from the value of septal hypertrophy.

Fetal echocardiography is crucial in mothers with diabetes mellitus.'® Mothers both with GDM and PDM are known
to develop fetal hypertrophic cardiomyopathy.'” This investigation shared no significant difference in FMH measurement
between mothers who maintained good glycemic control and those who could not (Table 2).

STIC-M measurement of LVWT, RVWT, IVST, LVSF, and RVSF from well glycemic control and poor glycemic
control group demonstrated no significant difference in FMH. Some studies that had a smaller number of diabetic
pregnant women presented glycemic control associated with FMH described increased IVST in the poor control group
(Table 4)."® However, systematic review and meta-analysis mentioned FMH in well-controlled diabetic pregnancy.*
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Table 4 Studies Comparison of GC with FMH

Our Study | Chu C Mrudhula TG | Garg S
Case 145 118 185 596
Year 2022 2012 2020 2014
Country Thailand China India India
GA(weeks) 18—40 <28, 28-34*234* | >24,>32%>37* 24-28,+4*
Postnatal echo No No Yes Yes
Group PDM, GDM | GDM PDM, GDM, N | GDM
FMH prevalence | 79.31% - - -
GC with FMH PGC=GGC | PGC=GGC PGC>GGC PGC=GGC

Notes: *Follow up in the same case.
Abbreviations: Postnatal echo, postnatal echocardiography; N, normal pregnant women; GC, glycemic
control; PGC, poor glycemic control; GGC, good glycemic control.

Between PDM and GDM, FPG and 2hrPP were significantly different (p < 0.001) as well as GDMA1 and GDMA2.
Glycemic control was statistically different and related to higher insulin resistance in PDM and GDMA2.'” Adverse
perinatal outcomes are correlated to FMH. An extreme postnatal consequence of hypertrophic cardiomyopathy with
maternal diabetes might lead to a no desirable intrauterine fetal outcome.'” There was no intrauterine fetal distress or
neonatal death in this current work. Fourteen preterm births were found during our investigation with no severe
consequences (Table 3). NICU admission was found in 5 cases (3.4%) of the total DM mother population.

Neonatal outcomes in this study had no difference in fetuses with FMH and fetuses with normal hearts (Table 3).
Similarly, Mrudhula Tejaswi G et al reported only two cases of perinatal asphyxia and were unable to predict perinatal
mortality. However, they found that severe septal hypertrophy was linked to neonatal problems such as hypoglycemia,
hyperbilirubinemia, and a NICU stay of more than 7 days.'® Other neonatal problems were not recorded in this study.

The strength of the current study was the first application of 4D STIC-M to measure fetal myocardial thickness in
diabetic pregnant women. Four-dimensional ultrasound with STIC-M had an advantage over the 2D model because it
decreased the duration that the patient needed to spend during the examination, and increased time and flexibility for
practitioners to obtain accurate fetal cardiac structure measurements. It took an average of 10 minutes with the patient to
complete an investigation. In the hands of an experienced operator, it took another 10 minutes to analyze data offline.

An old-school opinion was that all DM pregnant mothers should undergo a routine 2D ultrasound sonography.
However, this investigation with a more detailed 4D STIC-M reading found that there was no significant difference in all
FMH measurements between DM mothers whether they had good glycemic control or not. Our recommendation
surprisingly would be geared toward a diabetic awareness campaign geared to all reproductive-age female population.
Any measure to encourage a DM-free condition is worth its weight in the goal toward good future neonatal health,
including good myocardial health, for a healthy generation to come.

Confirmation of FMH with 4D STIC-M gave more detailed information resulting in a high percentage of prevalence.
The limitation of this study was limited neonatal adverse outcome cases and lack of newborn echocardiography.

Conclusion

The prevalence of fetal myocardial hypertrophy in diabetic pregnant women investigated by 4D STIC-M was 79.3%. The
myocardial thickness of LVWT, RVWT, IVST as well as LVSF and RVSF were not related to glycemic control.
A diabetic awareness education program is recommended for the reproductive-age female population to have a better
health outcome for children in the next generation.

Data Sharing Statement

All data are available and submitted upon reasonable request from the corresponding author.
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