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Abstract—The electrical activity of the fetal heart is given by the 

Fetal Electro Cardiogram (FECG) signal. The FECG signal has 

information about the fetal health status, which helps us to early 

diagnosis of any cardiac birth defects and also increases the 

effectiveness of a suitable treatment. It has different time 

intervals to represent various peaks in the signal. This peaks 

contain useful information about the nature of disease affecting 

the heart. The abnormalities are classified based on Pre-Ejection 

Period (PEP), left Ventricular Ejection Time (VET), Isovolumic 

Contraction Time (ICT), Isovolumic Relaxation Time (IVRT). 

The FECG signals are highly subjective, the symptoms may 

appear at random in the time scale. Therefore, the signal 

parameters are extracted and analysed using computers and will 

be useful for better diagnostics.  

 

Keywords— Cardiac defects, Abnormalities, Time intervals, Bio-
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I.  INTRODUCTION 

 Fetal Electrocardiogram (FECG) is a nearly periodic 

signal that reflects the electrical activity of the fetal heart. It 

gives, lot of information about the normal and pathological 

physiology of heart which can be obtained from FECG signal. 

However, the FECG signals are being non-stationary in nature 

and it is contaminated with Maternal Electrocardiogram 

(MECG) it is very difficult to separate from the MECG and 

also difficult to visually analyse them. Therefore, there is need 

for computer based algorithms for extracting FECG and to 

have a better signal analysis. The fetal cardiac defects which 

may be present can be extracted from the FECG signal. The 

defect which are obtained may be small that the baby can 

appear healthy for several years after the birth, or some time it 

may big that the life is in immediate danger. During the early 

stage of pregnancy congenital heart defects may originate, 

when the heart is forming it may affect any of the parts or 

functions of the heart. Cardiac irregularities may occur due to 

a hereditary disorder, inherited syndrome, or environmental 

issues such as infections or medicine misuse. FECG has 

proven to be one of the best tool to analyse fetal heart rate and 

its abnormalities, and it has been confined to more global 

issues such as over-all ischemia [2]. The reasons for its 

limitation is that the signal is non-invasive FECG and it is 

contaminated by fetal brain activity, myographic (muscle) 

signals (from both the mother and fetus), movement artifacts 

and multiple layers of different dielectric biological media 

through which the electrical signals must pass [1,2]. 

Monitoring of FECG today is completely based on the fetal 

heart rate and does not include the physical appearance of the 

FECG waveform characteristics that are the cornerstone of 

cardiac estimation of both fetal and mother. Most of the 

cardiac defects have some manifestation in the morphology of 

cardiac electrical signals, which are recorded by 

electrocardiography and are believed to contain much more 

information as compared with conventional sonographic 

methods [3]. There are many signal processing techniques, 

which are unable to deliver undistorted FECG signal from the 

electrodes places on the maternal abdomen because of the low 

signal to noise ratio (SNR) of the FECG recorded from the 

maternal body surface. 

 Figure 1 shows the heart position and the persistence 

of the Fetal Circulation and it is compared with thenormal 

heart [4]. 

 

 
 

Figure 1: Heart position and persistence of the fetal circulation 

compared with normal heart. 
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 To study the congenital heart diseases of the fetus, 

FECG signal is used to classify the arrhythmias, to know the 

status of fetal wellbeing during growth retardation or 

abnormal. The data obtained from the FECG signal can able to 

differentiate between pathological and healthy fetus. It also 

helps in finding out the cardiograms which are recorded in 

simple pregnancies, which mean that no maternal or fetal 

complications were noticeable [4].  

 
 

Figure 2:  Electrocardiogram signal extraction  

 
Figure 3:  Electrocardiogram signal extraction  

 
Figure 2 shows the typical electrocardiogram signal 

extraction from heart. Figure 3 shows the time interval based 

FECG signal abnormalities of the heart and maternal 

abdominal signals are separated by using blind source 

separation, the reference signal Aortic opening/closing (Ao, 

Ac), Mitral opening/closing (Mo, Mc), pre-ejection period 

(PEP), left ventricular ejection time (VET), Isovolumic 

contraction time (ICT), isovolumic relaxation time (IVRT) [5].  
 

 

II. CONGENITAL HEART DISEASE 

The Congenital Heart Disease (CHD) may have 

various causes. The reasons may contain such as drugs, 

chemicals or infections (environmental factors), chromosome 

abnormalities, certain maternal diseases, genetic diseases and 

unknown (idiopathic) factors.  

The most of the CHD that occur are not having 

known cause. In most of the cases, nothing can be attributed to 

the heart defect [4]. Some of the heart problems which may 

occur more often related to family history, therefore it may be 

a hereditary relation to the heart defects. In some cases, where 

the mother is suffering from any disease and was made to take 

medications, such as anti-seizure medicines. However, in most 

of the cases, there is no proper reason why the heart defect 

occurred.  

The problems that occur in CHD may range from 

simple to complex. The problems that occur in the heart can 

be observed by the baby's physician and accomplished with 

medicines, some may have to undergo surgery, while others 

may to have to take first few hours after birth. In some cases, 

baby may even "grow out" with simpler heart problems, such 

as atrial septal defect (ASD) or patent ductus arteriosus (PDA) 

as shown in figure 4, this defect may be slowly recovered by 

itself with the growth of the child. In other cases, the baby has 

to undergo several operations during their lives.  

 

Figure 4: Heart position and circulation for normal and 

abnormal condition 

 The fault may occur due to some factors in the 

environmental. In case, if a mother is suffering from rubella 

(German measles) during pregnancy, the infection may harm 

growth of the unborn baby's heart (and other organs). If the 

mother consumes alcohol during pregnancy, the fetus can 

suffer from fetal alcohol syndrome (FAS) including CHD 

[12].  

Some of the common heart defects that are present before 

and after birth are given below [12]:  

i. Atrial septal defect  

ii. Ventricular septal defect  

iii. Patent ductus arteriosus  

iv. Bicuspid aortic valve  

v. Tetralogy of Fallot 

vi. Transposition of the great vessels  
 

Atrial Septal Defect (ASD):  

An atrial septal defect is a group of congenital heart 

diseases that involve the inter-atrial septum of the heart. The 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 1 (2017) 
                                          © Research India Publications.  http://www.ripublication.com 

206



inter-atrial septum is the tissue that separates the right and left 

atria from each other.  

Ventricular Septal Defect (VSD):  

A ventricular septal defect is an opening in the 

ventricular septum, or dividing wall between the two lower 

chambers of the heart known as the right and left ventricles. 
As the fetus is growing, something occurs to affect heart 

development during the first 8 weeks of pregnancy, resulting 

in a VSD.  

 

Patent Ductus Arteriosus (PDA):  

PDA is a congenital heart defect wherein a child's 

ductus arteriosus fails to close after birth. Symptoms include 

shortness of breath and cardiac arrhythmia, and may progress 

to congestive heart failure if left uncorrected. In the 

developing fetus, the ductus arteriosus (DA) is a shunt 

connecting the pulmonary artery to the aortic arch that allows 

much of the blood from the right ventricle to bypass the fetus' 
fluid-filled lungs.  

Bicuspid Aortic Valve (BAV):  

Bicuspid aortic valve is the most common type of 

aortic valve abnormality occurring in about two percent of the 

population. Instead of the normal three leaflets or cusps, the 

bicuspid aortic valve has only two. Bicuspid aortic valve is a 

condition that affects 1-2% of the population. It is more 

common in males than females. Usually, this defect does not 

produce problems, although there is the possibility that in later 

life it could begin to cause some symptoms of 'aortic stenosis'.  

Tetralogy of Fallot (TF):  

TF is the most common form of cyanotic congenital 

heart disease. Cyanosis is the abnormal bluish discoloration of 

the skin that occurs because of low levels of circulating 

oxygen in the blood.  

Transposition of the great vessels (TGV)  

TGV in which the aorta arises from the right ventricle 

and the pulmonary artery arises from the left ventricle, with an 

associated intracardiac shunt. In normal individuals, oxygen-

depleted blood from the right ventricle goes through the 

pulmonary artery to the lung to get oxygenated. The oxygen-

rich blood goes to the left ventricle, from which it gets ejected 

to the aorta to the rest of the body.  

 

III. METHOD AND METHODOLOGY 

A MATLAB program is written to classify the 

cardiac signal as shown in the flowchart as shown in figure 5  

 

 

 

 

 

Figure 5: Flowchart showing classicisation of fetal cardiac 

arrhythmias 
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Table 1: Reference values for Normal and abnormal fetal 

cardiac signal [3]. 

 

Fetal 

Condition 

PEP 

(m sec) 

VET 

(m sec) 

ICT 

(m sec) 

IVRT 

(m sec) 

Normal 75±11.9 152.3±18.9 50±15.9 69.6±9.7 

Abnormal  89±10.3 168.6±25 52.2±17.2 51.6±13.7 

Atrial Septal 

Defect 

89±10.3 152.3±18.9 50±15.9 69.6±9.7 

Ventricular 

Septal Defect 

75±11.9 168.6±25 50±15.9 69.6±9.7 

Patent 

Ductus 

Arteriosus 

75±11.9 152.3±18.9 52.2±17.2 69.6±9.7 

Bicuspid 

Aortic Valve   

75±11.9 168.6±25 50±15.9 69.6±9.7 

Tetralogy of 

Fallot 

89±10.3 168.6±25 52.2±17.2 51.6±13.7 

Transposition 

of the Great 

Vessels 

75±11.9 152.3±18.9 52.2±17.2 51.6±13.7 

 
III. RESULTS 

A sample of Fetal cardiac signals and their details signals 

are shown in Figure 6 & 7. 

 
Figure 6: Normal condition for cardiac signals 

 
Figure 7: Abnormal condition for cardiac signals 

 

 
        Figure 8: Calculating the time intervals for each signal 

 

 

Table 2: Experimental Values obtained 

 

Fetal 

Condition  

No. of 

Samples  

Condition  

(Normal or 

Abnormal)  

% of 

accuracy  

Normal  73  Normal  95.9 

ASD  27  Abnormal  92.6 

VSD  28  Abnormal  92.9 

PDA  24  Abnormal  91.7 

BAV  22  Abnormal  81.8 

TF  28  Abnormal  85.7 

TGV  18  Abnormal  83.3 

Total 220 Both 90.9 

 

The fetal cardiac arrhythmias are obtained based on 

the movement of the cardiac valves opening and closing time 

intervals which has high potential for assessment. This help to 

calculate the Pre-Ejection Period (PEP), left Ventricular 

Ejection Time (VET), Isovolumic Contraction Time (ICT), 

Isovolumic Relaxation Time (IVRT). 

 

IV. CONCLUSIONS 

 

An effective time interval based arrhythmia 

classification is presented. Six different arrhythmias are 

extracted from different time intervals. Table 2 gives the 

normal and abnormal cases of the FECG signals obtained from 

220 samples. In this, variations of the parameters used for 
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classification are too small to differentiate from each 

arrhythmia. The proposed model has yielded the classification 

accuracy of 91% in differentiating normal FECG and other 

abnormalities considered. 
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