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Abstract

Background: Diabetes mellitus (DM) is the commonest medical disorder faced during pregnancy and it includes
type I, type II, and gestational diabetes. It may predispose to various complications including fetus malformation,
macrosomia, spontaneous abortion, stillbirth, neonatal death, and intrauterine growth retardation. Hypertrophic
cardiomyopathy (HCM) is one of the common anomalies depicted with diabetes. Fetal cardiac function analysis
might provide important information on the hemodynamic status and cardiac adaptation to different perinatal
complications.

Results: The mean septal thickness in the diabetic group was 0.7163 ± 0.1746 cm and 0.4989 ± 0.08068 cm in the
control group. The mean myocardial thickness of the right ventricular free wall in the diabetic group was 0.6532 ±
0.13792 cm and 0.4874 ± 0.07482 cm in the control group. The mean myocardial thickness of the left ventricular
free wall in the diabetic group was 0.6437 ± 0.13421 cm and 0.4737 ± 0.07573 cm in the control group. The mean
value of myocardial performance index (Tie Index) in the diabetic group was 0.6232 ± 0.15606 and 0.4626 ± 0.04357 in
the control group.

Conclusion: From our study, we can conclude that prenatal complete echocardiographic study should be mandatory
in fetuses of diabetic mothers due to high risk of congenital heart defects and onset of hypertrophic cardiomyopathy
with fetal cardiac function impairment in the third trimester.
Early diagnosis of congenital heart defects as well as evidence of hypertrophic cardiomyopathy and fetal cardiac
function impairment that occurs in fetuses of maternal diabetes will definitely guide prompt postnatal therapy and
care for those neonates.
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Background
Diabetes mellitus is the commonest medical disorder
faced during pregnancy and it includes type I, type II, and
gestational diabetes. It may predispose to various compli-
cations including fetus malformation, macrosomia, spon-
taneous abortion, stillbirth, neonatal death, and
intrauterine growth retardation [1]. Risk of congenital

anomalies is increased in diabetic mothers’ infants with es-
timation to be between 2.5% and 12% with over represen-
tation of congenital heart defects [2].
Hypertrophic cardiomyopathy (HCM) is one of the com-

mon congenital anomalies depicted with diabetes mellitus
(DM), thus requires high index of suspicion as the specific
management may vary; for example, inotropic agents or di-
goxin which may be used in heart failure associated with
structural heart defects are contraindicated if hypertrophic
cardiomyopathy is present [3]. The ventricular interventricu-
lar septum is preferentially affected, but both right and left
ventricular free walls may also be involved, predominantly
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the left. Manifestations of myocardial hypertrophy are often
subtle; however, the hypertrophy can be detected by standard
fetal echocardiography, usually by comparing septal thickness
with control cases [4].
In diabetic mothers’ infants, it is suggested that HCM

arise from the effects of excess in insulin level. However
the mechanisms by which insulin causes ventricular
hypertrophy has not yet been explained, but the heart is
a main target for insulin, and expression of functional
insulin receptors by the cardiomyocyte is comparable
with that of other insulin sensitive cells [5]. Thus, it is
suggested that increase in fetal insulin level can trigger
hyperplasia and hypertrophy of myocardial cells. This
hypertrophy mainly affects the interventricular septum
and can occur despite tight glycemic control [6].
Gestational diabetes mellitus (GDM) is defined as

carbohydrate intolerance recognized for the first time
during pregnancy and usually resolves after delivery. The
outcome of gestational diabetes is good especially with
controlled blood glucose levels. However, GDM in-
creases the risk of a number of fetal adverse outcomes.
Fetuses of diabetic mothers are prone to fetal hypergly-
cemia and hyperinsulinism secondary to maternal hyper-
glycemia [7].
Despite the recognition of fetal myocardial hyper-

trophy, there is still controversy about its effect on glo-
bal cardiac function [6]. However, there are reported
cases of severe perinatal cardiac dysfunction and fetal
deaths [8].
Fetal cardiac function analysis may provide an import-

ant information on the hemodynamic status and on the
cardiovascular adaptation for different perinatal adverse
effects [9].
A Doppler-derived index of the right and left ventricu-

lar myocardial performance combining systolic and dia-
stolic time intervals was described in the literature by
Tei et al. 1995 [10] .The Tei Index (TI) has been de-
scribed to be a non-invasive , useful, Doppler-derived
myocardial performance index that acts as a combined
index of global myocardial function. By integrating only
time intervals, the index is less dependent on precise im-
aging or anatomy. Moreover, the TI is independent of
both ventricular geometry and heart rate. The TI is de-
fined as the summation of the iso-volumic contraction
time (ICT) and the iso-volumic relaxation time (IRT) di-
vided by the ejection time (ET) [11] .

Methods
The objective of this study is to assess the impact of ma-
ternal pre-gestational diabetes whether type I or type II
and gestational one on fetal cardiac morphology and
function.
This study is approved by our institutional review

board.

Patients
A prospective study included 40 metabolically controlled
diabetic pregnant ladies and 60 normal non-diabetic
pregnant ones (control group) between 28 and 40 weeks
gestation dated by LMP. Full history was collected from
all ladies including age, parity, and history of drug intake
or any associated medical disorders. Fasting blood sugar
analysis results are obtained from all cases to differenti-
ate between diabetic and control cases. Fetal biometry
was performed for all cases, including measurements of
bi-parietal and occipito-frontal diameters, head circum-
ference, abdominal circumference and femur length.
Doppler examination of umbilical , middle cerebral ar-
teries and ductus venosus was also done.

Exclusion criteria
Cases with any other associated medical disorders were
excluded from the study.
Cases of structural abnormalities including different

fetal systems apart from fetal heart as well as cases of
fetal growth restriction (IUGR) were excluded from our
study.
Cases of severe polyhydramnios or multiple gestations

were excluded from the study.

Imaging protocol
A complete standardized fetal echocardiogram was per-
formed for all diabetic pregnant ladies for full structural
assessment. The control group underwent just basic and
extended basic fetal cardiac examination according to
(ISUOG guidelines, 2013) [12].
Measurement of the end diastolic IVS (interventricular

septal thickness) and myocardial free walls in lateral
sub-costal view in some cases and apical or basal four
chamber view in other cases (depending on fetal position
at the time of scan) just inferior to atrio-ventricular
valves were performed for all cases.
Doppler waveform for the left Mod-MPI (modified

myocardial performance index) according to Hernandez
et al. (2012) [9] was performed. The pulsed Doppler
sample volume was placed on inner wall of the ventricu-
lar septum above the mitral valve and below the aortic
valve in the four chamber view with a basal or an apical
projection allowing simultaneous inflow and outflow dis-
play from the left ventricle. Then, time periods for the
left Mod-MPI were measured:
ICT was measured from the mitral valve closure click
to the opening of the aortic valve click.
IRT was measured from the aortic valve closure click
to the opening of the mitral valve click.
ET was measured from the opening to the closure of
the aortic valve click.
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Statistical analysis
The statistical analysis was carried out using SPSS soft-
ware package version 17.0 (SPSS Inc., Chicago, IL, USA).
Obstetric characteristics were presented as mean +
standard deviation. The Tie Index, RV wall thickness,
LV wall thickness and IVS thickness obtained from the
fetuses were plotted against gestational age and the cor-
relation coefficients were determined by using Pearson’s
correlation. The normal values of these variables were
presented as 5th, 50th, and 95th percentile ranks. P
value < 0.05 was considered statistically significant. Nor-
mograms and percentile fitted curves were obtained.

Results
From 40 diabetic cases examined in our study, 38 was
applicable to our study regarding functional assessment

using tie index and assessment of septal and myocardial
free wall hypertrophy. One of our cases appeared to have
a structural heart defect known as visceral heterotaxy
syndrome (left isomerism) and the other was diagnosed
to have tetralogy of Fallot.
From our statistical results, we found the following:
We found that the mean interventricular septal thick-

ness (IVST) in the diabetics patients group was 0.7163 ±
0.1746 cm and 0.4989 ± 0.08068 cm in the control group
(Fig. 1). A significant statistical difference was found re-
garding the septal thickness between diabetics group and
normal group (P < 0.05).
We found that the mean myocardial thickness of the

right ventricular free wall (RVWT) in the diabetic group
was 0.6532 ± 0.13792 cm and 0.4874 ± 0.07482 cm in
the control group (Fig. 2). A significant statistical

Fig. 1 Linear regression curve to illustrate significant correlation between IVST for both patients and controls (correlation coefficient R2 = 0.244)

Fig. 2 Linear regression curve to illustrate significant correlation between RVWT for both patients and controls (correlation coefficient R2 = 0.206)
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difference was found regarding the right ventricular free
wall myocardial thickness between diabetic group and
control group (P < 0.05).
We found that the mean myocardial thickness of the

left ventricular free wall (LVWT) in the diabetics group
was 0.6437 ± 0.13421 cm and 0.4737 ± 0.07573 cm in
the control group (Fig. 3). A significant statistical differ-
ence was found regarding the left ventricular free wall
myocardial thickness between diabetics group and con-
trol group (P < 0.05).
We found that the mean myocardial performance

index (Tei Index) value in the diabetics group was
0.6232 ± 0.15606 and 0.4626 ± 0.04357 in the control
group (Fig. 4). A significant statistical difference was
found regarding the myocardial performance index be-
tween diabetic group and control group (P < 0.05).

The estimated fetal weight and feto-placental Doppler
study did not significantly differ between the diabetics
and the control groups.

Discussion
We aimed in our study to assess the effect of mater-
nal pre-gestational and gestational diabetes on fetal
cardiac morphology and function for which complete
fetal echocardiogram was performed in every case to
rule out any structural defects. Measurement of ven-
tricular myocardial free walls and interventricular
septal thickness was done as a tool for evaluation of
cardiac hypertrophic cardiomyopathy that occurs in
fetuses and neonates of diabetic mothers. Doppler-
derived modified myocardial performance index
(Mod-MPI) was used to assess global overall systolic

Fig. 3 Linear regression curve to illustrate significant correlation between LVWT for both patients and controls (correlation coefficient R2 = 0.32)

Fig. 4 Linear regression curve to illustrate significant correlation between Tie Index for both patients and controls (correlation coefficient R2

= 0.039)
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and diastolic function to display whether impairment
of fetal cardiac function occurred or not.
The study included 40 diabetic pregnant women and

60 control cases. Both groups were within a comparable
gestational age (between 28 and 40 weeks gestation).
The mean septal thickness in the diabetics group was

0.7163 ± 0.17 cm (Figs. 6 and 7) and 0.4989 ± 0.08 cm
(Fig. 5) in the normal group.
A significant difference was found regarding the septal

thickness between diabetic group and normal group (P <
0.05). These results are in concordance with results of
previous studies.
Joana et al. (2018) [13] demonstrated that fetuses of

diabetic mothers had a significantly thicker interventric-
ular septum compared with control subjects (median,
4.25 mm [interquartile range (IQR), 3.87–4.50 mm] vs
3.67 mm [IQR, 3.40–3.93 mm), P < .001)
Garcia-Flores et al. (2011) [6] reported that the septal

thickness was increased in fetuses of diabetic mothers
compared with the control group with statistical signifi-
cant difference (P < 0.001) despite being comparative
study between cases of controlled gestational diabetes
(cases of increased HbA1c values above 6.5% were ex-
cluded) and normal ones. It was found that 66.6% (16/

24) of the diabetic pregnancies were above the 95th per-
centile for the IVS thickness in the control group, which
was estimated at 3.51 mm; however, measurements of
IVS thickness in both groups were in normal ranges in
this study.
Prefumo et al. (2005) [8] reported cases of marked

fetal myocardial hypertrophy associated with signs of
myocardial insufficiency in fetuses of diabetic mothers.
Balli et al. (2014) [14] showed that the mean septal

thickness at 36 weeks gestation was 0.452 ± 0.49 cm in
group of maternal diabetes compared to 0.38 ± 1.77 cm
in the control group with a significant statistical differ-
ence (P < 0.001). In this study, despite being statistically
different, no pathological IVS hypertrophy was found.
However, evidence of diastolic dysfunction in the study
group was found by application of different parameters
for assessing diastolic dysfunction.
This study has shown that maternal diabetes was asso-

ciated with a significantly increased thickness of all car-
diac walls (Figs. 6 and 7) compared with normal
pregnancies (Fig. 5), confirming in part the results of
previous studies done by Jaeggi et al. 2001 [15]. Penney
et al. (2003) [16] focused on cases with pre-existing dia-
betes, but Zielinsky, 2009 [17] applied his study on

Fig. 5 2D measurement of myocardial and septal wall thickness in lateral 4 chamber view and Doppler derived measurement of left modified
myocardial performance index in a pregnant female 22 years with no history of maternal diabetes. Both tie index and myocardial and septal wall
thickness were within normal ranges (RVWT = 0.41, LVWT = 0.34, IVST = 0.32, Tie = 0.4)

Fig. 6 2D measurement of myocardial and septal wall thickness in lateral 4 chamber view and Doppler derived measurement of left modified
myocardial performance index in a pregnant female 25 years, with history of type I diabetes on regular insulin therapy came for routine antenatal
ultrasound at 30 weeks gestation. Abnormal increase in myocardial and septal wall thickness with abnormally high MPA above the reference
values (RVWT = 0.81, LVWT = 0.86, IVST = 1, Tie = 0.67)
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population with gestational diabetes mellitus. Both of
them reported significant difference in myocardial-free
walls and interventricular septal thickness between both
studies and control groups.
In a series of neonates and infants, the cardiomyopathy

(CM) was noticed in about 2–7%, but probably during the
fetal life the prevalence is higher reaching 6–11%. The
high intrauterine loss, occurring in almost one third of af-
fected fetuses, most likely explains these differences [18].
Still, authors can find some cases with septal hyper-

trophy, which are not symptomatic postnatally. Al-
though most symptoms of cardiomyopathy may
spontaneously regress within few weeks, sometimes,
overt congestive heart failure develops, tachycardia, tach-
ypnea, gallop rhythm, and hepatomegaly [19].
In our study, the mean septal and myocardial free wall

thickness was statistically significant compared to the
control group with above 95th percentile mean value of
tie index denoting evidence of hypertrophic cardiomyop-
athy with impairment of left ventricular function.
It was not possible in this study, to expect, whether theses

fetuses would be symptomatic or not by the ultrasound and
Doppler criteria. Postnatal evaluation by a specialized neo-
natologist and a cardiologist is recommended.
Some studies suggest that gestational diabetes can be a

risk factor for congenital heart defects, but there are still
controversies about the extent of such association [20].
In our study, the incidence of congenital heart defects

among study cases represents 5% of the total number of
cases with diabetes. Previous studies showed an 8.5% in-
cidence of cardiac malformations in fetuses of diabetic
pregnancies [21]. Our study was restricted to the limited
patients’ number involved in our study; however, if a
large number of diabetic patients could be included, in-
cidence might become different.
In our study, we also aimed to assess the effect of ma-

ternal diabetes on fetal myocardial function using the
Modified myocardial performance index (MPI).

MPI is a global indicator of cardiac function. Increased
in MPI indicates globally impaired ventricular function
in maternal diabetes during the intermediate and late
pregnancy periods [22]. Hernandez-Andrade et al.(2012)
[9] defined age-adjusted reference values for the left ven-
tricular Mod-MPI in normal fetuses at 19–39 weeks ges-
tation and calculated the 5th, 50th, and 95th percentiles
for the Mod-MPI as well as its components (ICT, ET,
and IRT). It was found that in normal fetuses, the Mod-
MPI did not exceed 0.43 at any gestation (at a fetal heart
rate of 140 bpm: median 0.45 range 0.36–0.54). Another
more recent study revealed the normal value of MPI is
about 0.51 ± 0.12 [23]. These values are in close agree-
ment with our results for the control group, but are
much lower than those in the study group indicating re-
duced left ventricular wall compliance in fetuses of dia-
betic mothers with subsequent impairment of fetal
overall cardiac function.
Our study showed a statistically significant (P < 0.001)

higher overall Mod-MPI in the study group as a whole
(median 0.61, range 0.39–0.83) compared to the control
group (median 0.47, range 0.32–0.62).

Conclusion
From our study, we can conclude that prenatal complete
echocardiographic study should be mandatory due to
high risk of congenital heart defects and onset of hyper-
trophic cardiomyopathy with impairment of fetal cardiac
function in fetuses of diabetic mothers in the third
trimester.
Early diagnosis of congenital heart defects, impairment

of fetal cardiac function as well as evidence of hyper-
trophic cardiomyopathy that occurs in fetuses of mater-
nal diabetes will definitely guide prompt postnatal
therapy and care for those neonates.

Abbreviations
HCM: Hypertophic cardiomyopathy; GDM: Gestational diabetes mellitus;
TI: Tie Index; IUGR: Intra uterine growth restriction; ICT: Isovolumic

Fig. 7 2D measurement of myocardial and septal wall thickness in lateral 4 chamber view and Doppler derived measurement of left modified
myocardial performance index in a pregnant female 32 years, with history of type II diabetes on regular oral hypoglycemic therapy came for
routine antenatal ultrasound at 29 weeks gestation. AAbnormal increase in myocardial and septal wall thickness with abnormally high MPA above
the reference values (RVWT = 0.68, LVWT = 0.65, IVST = 0.75, Tie = 0.85)
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