
group. The E’/A’ ratio was found to be less than one in the left 
ventricle, right ventricular and septum in cases as compared to the 
control group. The Tei index of left ventricle was found to be higher 
in the infants of diabetic mothers  (35.83 ± 8.23)  who had a thicker 
interventricular septum compared to the control group (33.73 ± 8.23).
CONCLUSIONS: Tissue Doppler echocardiography is a useful, 
sensitive, non-invasive technique to study the changes in myocardial 
structure and function. The systolic and diastolic function indices 
measures are affected in babies of diabetic mothers as compare to 
normal neonates but not statistically significant.

Key words: Tissue Doppler Echocardiography; Diastolic function; 
Ventricular function; Infant of Diabetic Mother
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INTRODUCTION
Fetal complications are directly related to inadequate glycemic 
control during important periods of pregnancy. Significant congenital 
disorders in the fetus, risk of premature delivery and increased prenatal 
morbidity and mortality are commonly occurred in Diabetic mother. 
Also it causes  neonatal hypoglycemia, macrosomy and transient 
myocardial hypertrophy[1,2]. Careful attention to pre-conception 
control of diabetes decreases the risk of anomalies. The high insulin 
level in the foetus and newborn may lead to disproportional septum 
thickening, left ventricular outlet stenosis, transient hypertrophic 
subaortic stenosis and heart failure in  infant of diabetic mother 
(IDM)[3,4]. IDMs with hypertrophic cardiomyopathy are recognized 
to have impaired myocardial performance, but less is known 
about ventricular function in IDMs without hypertrophy. Doppler 
echocardiography is used to assess the atrio-ventricular valve flow 
for the assessment of diastolic function. However, Tissue Doppler 
Imaging (TDI) is a type of Doppler ultrasound that records regional 
systolic and diastolic velocities within the myocardium and time to 
peak myocardial velocities with high temporal resolution. It can be 
used at any point of the ventricular myocardium to give information 
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ABSTRACT
BACKGROUND: Diabetes in pregnancy is associated with 
an increased risk of complications in both the mother and fetus. 
Transient cardiac hypertrophy occurs in infants of diabetic mothers. 
Thus the aim of this study was to determine the changes in left 
ventricular function by Tissue Doppler echocardiography in an 
infant’s of diabetic mothers.
MATERIAL AND METHODS: This was a case controlled study 
comprised of 15infant of dia-betic mothers (cases) and 15 healthy 
term babies (controls). M-mode, Two-Dimensional, Doppler and 
Tissue Doppler Imaging measurements of cases and controls were 
performed. 
RESULTS: There were 09 males and 06 females in the cases group. 
On cardiovascular examination, heart rate was 112 ± 12 beats per 
minute and blood pressure was 76 ± 8.4/46 ± 4.6 mmHg in the cases. 
Both the left and right ventricle myocardial velocities were found to 
be lower in the infants of diabetic mothers compared to the control 
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on the regional wall motion. The measurement of both systolic and 
diastolic components can be made simultaneously with Tei index 
which is used for the evaluation of the ventricular functions[6-9]. In 
IDM babies, systolic and diastolic functions of the heart have been 
studied by traditional echocardiography, but there are scanty number 
of studies conducted with Tissue Doppler Echocardiography (TDE).  
Hence the aim of our study was to assess the cardiac function of IDM 
babies by Tissue Doppler Echocardiography.

MATERIAL AND METHODS
This study was carried out in the Department of Pediatric, AVBRH 
hospital, Sawangi (Meghe), Wardha. It was a hospital based case-
controlled study conducted from January 2016 to June 2017. 
    Inclusion criteria: (1) 15 IDM babies (cases); (2) 15 healthy term 
newborn(controls) who were born in the same hospital. 
    Exclusion criteria: Babies who had congenital heart disease, 
dysmorphic findings, birth asphyxia, prematurity, severe respiratory 
distress and critically ill neonates.
    The study protocol was approved by the ethical institutional 
committee. Detailed general and systemic examination was done 
with special emphasis given for presence of heart murmur. By using 
Phillip echocardiography machine, two-dimensional (2D), M-mode, 
Doppler and Tissue Doppler Imaging was performed.

Echocardiographic examination 
M-mode and two-dimensional echocardiography was done to 
measure the left ventricle internal dimensions including left 
ventricular internal dimension in diastole (LVIDd), left ventricle 
internal dimension in systole (LVIDs), Interventricular septal in 
diastole (IVSd) thickness, left ventricular posterior wall in diastole 
(LVPWd) thickness. The diameter of the aorta and left atrium was 
measured. The fractional shortening and ejection fraction was 
estimated using M-mode and Simpson in the parasternal long- and 
short-axis views as well as in the apical four-chamber view. Also, the 
apical four-chamber view was used to record LV inflow velocities 
in which the peak flow velocities of the LV inflow in early diastole 
(E) and late diastole with atrial contraction (A) were measured and 
E/A ratio was calculated. According to the American Society of 
Echocardiography recommendation, all the echocardiographic data 
were obtained.
    TDI was performed in the apical four-chamber view by placing a 
sample volume at three different sites: (1) Lateral border of mitral 
valve annulus (Left Ventricle); (2) Interventricular Septum (IVS) 
and (3) Lateral border of tricuspid annulus (Right Ventricle). The 
peak systolic and diastolic velocities at the LV, RV and IVS were 
assessed with TDI in cases and controls. The following parameters 
were recorded: systolic velocity (S`), early diastolic velocity (E`), late 
diastolic velocity (A`) and time intervals; isovolumetric contraction 
time (IVCT), isovolumetric relaxation time (IVRT) and ejection 
time (ET) at each site. The IVRT was measured from the end of the 
S’ wave to the onset of the E’ wave, and the IVCT was measured 
from the end of the A’ wave to the onset of the S’ wave. The formula 
which was used to calculate the Tei index is as follow (Isovolemic 
contraction + isovolemic relaxation time/Ejection time)[7-8].

Statistical analysis
All the data are expressed as mean ± standard deviation (SD). The 
independent sample t-test was used to compare echocardiographic 
data between cases and controls. A value of p < 0.05 was considered 
statistically significant.
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RESULTS
There were 09 males and 06 females in the cases. There was no 
significant difference in terms of birth weight (2870 ± 156 vs 2560 
± 243) and gestational week (38.24 ± 0.58 vs 38.05 ± 0.62) in cases 
as compared to the control group. On cardiovascular examination, 
heart rate was 112 ± 12 beats per minute and blood pressure was 76 ± 
8.4/46 ± 4.6 mmHg in the cases. On auscultation, two cases revealed 
an ejection systolic murmur heard maximally in 3rd left intercostal 
space parasternal area. No statistically significant differences were 
present between the M-mode echocardiographic measurements (LA, 
LVIVSd, LVIDd and LVPWd) for cases and controls as shown in 
Table 1. The ejection fraction and shortening fraction were lower 
in the cases than control, but the difference was not statistically 
significant. The LV Doppler of the mitral inflow velocity in IDMs 
showed higher E and A velocity and reduced E/A ratio as compared 
with control but not statistically significant. The S’, E’ and A’ 
velocities of the left ventricle (LV), septum and right ventricle (RV) 
was lower but not statistically significant in the cases compared to the 
control group. The ratio of E’ velocity to A’ velocity (E’/A’) in the LV, 
septum and RV was lower in cases as compared to the control group. 
This ratio was found to be lower than 1 in cases and control group 
as shown in Table 2. The Tei index of LV, septal and RV was found 
to be more in the babies of diabetic mothers as compared to control. 
Two patients had trivial tricuspid regurgitation without a significant 
pressure gradient.  

DISCUSSION
The diabetes mellitus in mother may affect the structure and function 
of the fetal heart and alter the fetal placental circulation from 
embryonic development in the first trimester until the perinatal period 
through the second and third trimesters. Fetal hyperinsulinemia and 
increased affinity of insulin receptors, followed by changes in the 
metabolism of diabetic mothers, lead to alterations in cardiomyocyte 
gene expression and subsequent structural and functional heart 
malformation in the fetus. Zablah JE et al[9] demonstrated that 
IDMs had significantly greater birth weight, lower gestational age, 
older maternal age, and higher incidence of maternal obesity and 
hypertension than normal neonates. In our study, there was no 
significant difference found in birth weight and gestational week in 
cases and control group. The most common heart malformations in 
fetuses include the following: transposition of great arteries, Truncus 
arteriosus, coarctation of the aorta, double outlet right ventricle, 
ventricular septal defect, hypoplastic left heart syndrome, and 
heterotaxy syndrome. Incidence of congenital heart defects among 
the IDMs is five times greater than that of the general population. 
While improvements in perinatal management have led to a reduction 
in diabetes-related mortality, the incidence of associated congenital 
anomalies remains higher than in the general population[2-4]. Ciccone 
et al[5] reported that with increasing gestational age, there were higher 
myocardial velocities and lower E/E’ ratios and concluded that TDI 
addition to standard neonatal echocardiography may provide further 
important information about cardiac function.
    The most common cardiac pathology in babies of diabetic mother 
is asymmetrical septal hypertrophy. There is an increased myocardial 
mass because of increased levels of insulin in these patients and lead 
to dysfunction in diastole[9-10]. Most babies of diabetic mother may 
be asymptomatic despite diastolic dysfunction[11]. The study done 
by Cooper et al[12] reported 31% of septal hypertrophy in babies of 
diabetic mothers.On echocardiographic examination, findings of 



< 8 cm/s which was obtained from the left ventricle, right ventricle 
and septum of healthy newborns. Çimen D et al[18] reported that the 
left and right ventricle myocardial velocities were lower in the babies 
of diabetic mothers compared to the control group, same finding 
werepresent in our study also. Zablah JE et al[9] reported that babies 
of diabetic mother had significantly lower S’ and E’ velocities, at 
the MV, IVS, and TV than normal neonates.In adults, a S’ velocity 
of > 5.4 cm/s in the mitral annulus indicates that ejection fraction 
is normal[16]. In our study, the S’ velocity for the right ventricle was 
found to be > 5.4 cm /s in the babies of diabetic mothers and control 
group. 
    On TDE, early findings of diastolic dysfunction are significant 
reduction in E’, increase in A’ velocities and reversal of the E’/ A’ 
ratio. Çimen D et al[18] found that, the E’/ A’ ratio was below one only 
in the babies of diabetic mothers in the left ventricle in contrast to 
the control group. He also reported that, the E’/ A’ ratio in the septum 
and right ventricle was found to be below one both in the babies of 
diabetic mothers and control group. In our study, the left ventricular, 
septal and right ventricular E’/ A’ ratio was found less than one in 
babies of diabetic mothers and control group. These results showed 
that diastolic dysfunction was present in both ventricles in the 
cases and control group. Al-Biltagi M et al[19] reported a significant 
deterioration of both systolic and diastolic functions measured by 
both conventional echocardiography and TDI in IDMs with both pre-
gestational and gestational diabetes compared with the control group. 
    The Tei index is a variable which shows systolic and diastolic 
functions of the left and right ventricle. In the initial form of Tei 
index, pulsed Doppler was used[20-21]. Subsequently, tissue Doppler 
was used for the measurements. The Tei index is a simple parameter 
for the evaluation of the RV and LV functions and is correlated 
with the invasive measurements of the cardiac systolic and diastolic 
functions[11-13]. Çimen D et al[18] found that the Tei index was higher 
in the babies of diabetic mothers who had a thicker IVS compared to 
the control group, similar finding was present in our study also. The 
fact that the Tei index was found to be significantly higher in babies 
of diabetic mothers than the control group was related with shortness 
of the ejection time and prolongation of isovolemic contraction time. 
These significant high values of the right and left ventricular Tei 
index show that LV functions were also affected in addition to RV 
dysfunction which may be observed in IDMs and which is atributed 
to physiological pulmonary hypertension[18-22]. Al-Biltagi M et al[19] 
concludes that TDI and two-dimensional STI were efficient and 
sensitive tools which were able to detect early cardiac dysfunction 
in babies of diabetic mothers even in the absence of morphologic 
cardiac changes. 

Limitation of the Study
Small sample size was a main limitation of our study.

CONCLUSION 
TDE is a useful, efficient and sensitive tool to study the changes in 
cardiac structure and function. The systolic and diastolic function 
indices measures are affected in babies of diabetic mothers as 
compare to normal neonates but not statistically significant.
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