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ABSTRACT 

Highlights awareness of characteristics patterns of T-wave inversion and ST segment depression due to 

calcium channel failures is preeminent to quickly identifying the life menacing ventricular arrhythmias disorders. In 

this article, we show how the different arrhythmic types of calcium channels give rise to the generation of ST segment 

depression and T-wave inversion. The ventricular electrocardiographic (ECG) is generates based on the principle of 

pairs of action potential (AP). A single ventricular (epicardial and endocardial) cell model dynamics of all ionic 

currents and gating parameter are based on human data. Aim of this paper is to describe the ECG phenomena 

characterize by ST segment depression and T wave inversion in ventricular depolarization and repolarization. The 

ST segment relatives to the phase 2 (plateau potential) of the ventricular repolarization, while the T wave corresponds 

to the phase of rapid ventricular repolarization (phase 3). Plateau phase of the AP is due to voltage dependent calcium 

channels. Taking three different types of calcium channels failure condition and applies to ventricular endocardial 

cells. Due to enhanced activity of Na+-Ca2+ exchanger, causes horizontally ST- interval segment depression (40ms: 

compare normal condition, enhanced activity of the Na-Ca2+ exchanger causes 50% of ST- segment depression) and 

pointed deep T wave inversion (deep ≥ 10mm ~ above 1mV). Ventricular hypertrophy condition causes horizontally 

ST depression (20ms: compare normal condition, hypertrophy condition causes 75% of ST- segment depression) and 

giant T wave inversion (giant negative T-wave ≥ 20mm ~ above 2mV). Whereas SR calcium channels failure causes 

T wave increase more positive up to 3.7mV and looks like another premature QRS wave in ventricular repolarization. 

Finally our conclusion, simulation results shows that calcium transients [Ca2+]i alternant might be responsible for the 

fluctuation in action potential duration (APD) that causes T-wave alternant in a whole heart and this could be reason 

factor in the brilliance of ventricular fibrillation. Abnormal calcium (Ca2+) channels, mishandling of Ca2+ is a central 

cause of both contractile dysfunction and arrhythmias (ST- segment depression and T wave inversion) in patho 

physiological conditions. 
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1. INTRODUCTION 

Cardiac Arrhythmias and sudden cardiac death are among the most usual sources of death in the 

industrialized world. Despite decades of research their causes are still poorly understood. Theoretical studies into the 

mechanisms of cardiac arrhythmias form a well-established area of research. One of the most important applications 

of these theoretical studies is the simulation of the human heart, which is important for a number of reasons. First, 

the possibilities for doing experimental and clinical studies in human hearts are very limited. Second, animal hearts 

used for experimental studies may differ significantly from human hearts; heart size, heart rate, AP shape, duration, 

and restitution, vulnerability to arrhythmias, etc. Finally, cardiac arrhythmias, especially those happening in the 

ventricles, are three-dimensional phenomena whereas experimental observations are still largely constrained to 

surface recordings. Computer simulations of arrhythmias in the human heart can overcome some of these problems. 

The ECG continues to be a valuable, noninvasive, easily repeatable, and inexpensive means of diagnosing many 

cardiac abnormalities, such as myocardial infarction, ischemia, and ventricular hypertrophy, and it is unequaled in 

the analysis of cardiac arrhythmias. Also, in the past few decades the clinical information that can be derived from 

the ECG has grown continually. Modeling of the electrical activation of the heart permits us to test if our knowledge 

of small-scale phenomena, such as the behavior of the cardiac membrane, suffices to explain large scale phenomena, 

such as the ECG. 

The first mathematical representation of ECG basic ideas for the simulations has been proposed by Wohlfart 

(1987). This model is very simple in considering only two pairs of AP for the generation of ECG. Still a number of 

integrating working hypotheses emerges from the model regarding the mechanisms of ST-T wave’s changes and the 

genesis of the U-wave. Later Wohlfart and Arlock proposed the concept of electrogram (EG) in 1993. AP were 

simulated from ion currents and the difference between two APs of a pair was used to create an EG. Further the ECG 

model proposed by Wohlfart in 1993 with two pairs of AP. Using this model they produced different types of 

ventricular arrhythmias ECG patterns. After long time the ECG model proposed by Elham Dolatabadi and James 

Lacefield in 2010. It is based on the model of Wohlfart (1993). It is a simple technique to describe for simulation of 

ECG (ECG - normal subject) in terms of the myocardium AP. Top, acute pericarditis is often characterized by two 

http://www.jchps.com/


Journal of Chemical and Pharmaceutical Sciences                                                             Print ISSN: 0974-2115 

JCHPS Special Issue 10: July 2017 www.jchps.com    Page 15 

apparent injury currents: one atrial, the other ventricular. The atrial injury current vector (STa) is usually directed 

upward and to the right and causes PR segment elevation in aVr with reciprocal PR depression in II, V5, and V6. 

The ventricular injury current (STV) is directed downward and to the left, associated with ST elevation in II, V5, and 

V6 with reciprocal ST depression in aVr. A variety of pathological factors can alter repolarization and cause 

prominent T wave inversion. As noted above, T wave alterations are usefully classified as primary or secondary. 

Primary T wave changes are caused by alterations in the duration or morphology of ventricular AP in the absence of 

changes in the activation sequence. Examples include ischemia, drug effects, and metabolic factors. In contrast to 

these primary T wave abnormalities, secondary T wave changes are caused by altered ventricular activation, without 

changes in AP characteristics. Examples include left bundle branch block (LBBB), wolff-parkinson white (WPW) 

pre excitation, and ventricular ectopic or paced beats. There is a gradient of AP shapes over the ventricular wall. This 

gradient is of importance for the generation of the ST wave and T wave (Cohen, 1976; Higuchi & Nakaya, 1984).  

Giant T-wave inversion in the precordial leads are seen in different pathologies, such as anterior myocardial 

wall ischemia in patients with acute coronary syndrome, apical hypertrophic cardiomyopathy, cerebral and 

pulmonary disorders and post-pacing or tachyarrhythmia states. The definite diagnosis in the presence of inverted T-

wave can usually be assessed by meticulous history taking including family history of sudden cardiac death or 

arrhythmias, physical examination as well as appropriate non-invasive, semi-invasive or invasive diagnostic 

investigations. Primary T-wave abnormalities (ischemia or injury) are due to alterations in myocardial cellular 

electrophysiology and secondary T-wave abnormalities (bundle branch block or ventricular Hypertrophy) are 

subsequent to alterations of sequence of ventricular activation. Abnormalities of the ST segment and the T wave 

represent abnormalities of ventricular repolarization. The ST segment corresponds to the plateau phase of the 

ventricular repolarization (phase 2 of the AP), while the T wave corresponds to the phase of rapid ventricular 

repolarization (phase 3). ST segment or T wave changes may be secondary to abnormalities of depolarization, i.e. 

pre-excitation or abnormalities of QRS voltage or duration. On the other hand, ST segment and T wave abnormalities 

may be unrelated to any QRS abnormality, in which case they are called primary repolarization abnormalities. They 

are caused by ischemia, pericarditis, myocarditis and electrolyte abnormalities. Any model with the purpose of 

describing ECG has to rely on a number of simplifications. There are difficulties in describing both the generators 

of the signal (i.e. the heart) and the inhomogeneity of the surrounding volume conductor. However, the in 

homogeneities are of a smaller importance than the properties of the generator itself (Miller & Geselowitz, 1978). 

The aim of the simulations present here is to provide a simple electrophysiological background to ECG in different 

abnormal calcium channels failure (mainly ST- segment depression and T-wave Inversion). 

Back grounds: The heart consists of three tissue layers: endocardium, myocardium, and pericardium. Myocardium 

is the thick layer of cardiac muscle which is responsible for the contraction and relaxation of the ventricles and atria. 

This layer is composed almost completely of cardiomyocytes. The outside of the myocardium is covered with a thin 

layer called the epicardium. This thin layer consists mostly of connective tissue and fat. The inner lining of the heart 

is called the endocardium. It is a smooth membrane of endothelial cells that lines not only the chambers of the heart, 

but the valves as well. This is the same layer that covers the inside of all of the blood vessels of the cardiovascular 

system. During depolarization the impulse is carried from endocardium to epicardium, and during repolarization the 

impulse moves from epicardium to endocardium. Measurements of functional refractory periods at various sites in 

the ventricular myocardium have indicated that the durations of the cellular APs are generally shorter near the 

epicardium than near the endocardium, and shorter near the base than near the apex. An ECG is a commonly used 

tool in medicine, rehabilitation, and physiology to understand both the structure and function of the heart. By 

definition, an ECG is a recording of the variations in voltage that are produced by depolarization and repolarization 

of the myocardium (muscle of the heart). The variations in voltages are measured at the surface of the body using 

surface electrodes. Traditionally, 12 leads are recorded, 6 leads on the extremities and 6 on the precordium. This has 

been the standard approach for almost half a century. The extremity leads give a more distant image of the electrical 

activity of the heart. For example, leads II and III record electrical activity from the inferior wall. The pre cordial 

leads, because they are unipolar and closer to the heart, primarily reflect the cardiac electrical activity directly beneath 

the electrode. Therefore, because of their position on the chest wall, leads V2 to V6 primarily give information on 

the process of activation and repolarization of the anterior and lateral aspects of the left ventricle. Lead V1 provides 

information on the inter-ventricular septum and the superior part of the right ventricle. The placement of the 

electrodes is presented in Fig.1. 
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Fig.1. A: Placements of conventional ECG leads, B: Electrode placement of the precordial leads,  

C: Common orientation of the precordial leads to the ventricles 

2. METHODS AND MATERIALS 

A simple model has been presents for simulation of ECG. The model is based on the idea that ECG can be 

broadly described as a weighted sum of opposing areas of the myocardium. The normal ECG is simulated using a 

gradient of action potentials over ventricular wall. For simplicity we have divided the model of generating ECG into 

two simple models.  

First Model: In this paper, we used Ten Tusscher (2004) model of human ventricular (endocardial and epicardial) 

cell. The electrophysiological behavior of a single cell can hence be described with the following differential 

equation. 

Cm *(dV/dt)= - (Iion+ Istim)  (1) 

Where, Cm -Membrane Capacitance in (µF), V - Membrane Potential in (mV), T - Time in (s), Iion - is the 

sum of the trans membrane ionic currents (pA/pF), Istim - is an externally applied stimulus current in (pA/pF). 

Iion is given by summation of the number of ionic currents. 

Iion= IKr+ IKs+ IK1+ Ito+ INa+ Ib,Na+ ICa,L+Ib,Ca+ INaK+ INaCa+Ip,Ca+Ip,K  (2) 

L-type ca2+ (ICa,l), transient outward K+ (Ito), rapid and slow delayed rectifier K+ ( IKr& IKs), Time-independent 

potassium current (IK1), fast Na+ (INa), Na+-Ca2+ exchanger( INaCa), Na+-K+ pump ( INaK), and background Na+ (Ib,Na), 

sarcolemmal calcium pump (Ip,Ca), background ca2+ ( Ib,Ca) and potassium pump (Ip,K). 

1D Array of ventricular cell with gap junction: The sub endocardial AP of the pair was triggered by means of a 

simulated current injection (Istim) in first AP and the sub endocardial second AP was triggered from the first AP due 

to electric coupling within the pair [12].To avoid the more complex cable equation 1D model, this work aims to 

formulate a computational theoretical 1D array of ventricular cells model with gap junction. It is also efficient for 

large-scale spatial simulations of cardiac arrhythmias. The model includes a simple calcium dynamics that 

reproduces realistic calcium transients and a positive human contraction staircase and allows to realistically model 

calcium-dominated ICaL inactivation, while at the same time maintaining a low computational load. The 

computational model for 1D array of ventricular cells with gap junction is developed and it composed of 

interconnected cell of Ten Tusscher (2004) models with constant gap junction conductance. In that each single cell 

ventricular dynamics are consider as a single potential node. The coupling current between two ventricular cells is 

given by; 

I cup1= (V1-V2)*G1 (3)  

G1= 1/R1   (4) 

Where, Icup1 - Coupling current between cell1 and cell2, V1 - Membrane potential at cell1, V2 - Membrane 

potential at cell2, G1 - Conductance between cell1 and cell2, R1 - Resistance between cell1 and cell2. 

 The gap junctions were distributed uniformly along the length of the fiber. The gap junctions were 

represented by channels having resistive properties that are constant (static model) with respect to voltage and time 

is shown in fig.2. With the static model, the channel conductance within the junction was fixed with respect to time 

and voltage. 

 
Fig.2. 1D Array of ventricular cell with gap junction 

Second Model: The magnitude of the gradient of endocardial cells and epicardial cells action potentials in different 

parts of the ventricular wall defines EG. It is given by equation; 

EG1 = V1endo – V1epi (5)  

   EG2 = V2endo – V2epi (6)  

The sub endocardial AP of the pair was triggered by means of a simulated current injection and the sub 

epicardial AP was triggered from the first AP due to electric coupling within the pair. The sub endocardial APs were 

of longer duration than the epicardial AP because of differences in background currents. A second pair of APs 
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representing another ventricular site was simulated in an analogous way and this pair was activated somewhat later 

in time. ECG was calculated as the difference between the two EGs.  

In case that only two pairs of action potential are considered, the ECG is computed by using two EG (EG1 

and EG2) is given by; 

ECGL = −0.2*EG1 + 1.0*EG2 (7) 

ECGR = 0.5*EG1 − 1.0*EG2 (8) 

In case that fifty pairs of action potential are considered, the ECG is computed by using fifty EG (EG1, EG2 

and EG50) is given by; 

 (9) 

 (10) 

ECGL = −0.2*EGL + 1.0*EGR (11) 

ECGR = 0.5*EGR − 1.0*EGL (12) 

Preparation of failure calcium channels: We modified the formulation of INaCa,ICa,L,INaK,Iup and Ileak proposed by 

Ten Tusscher (2004), for human ventricular cells. The scaling factor of INaCa is modified to reproduce enhance activity 

of Na+-Ca2+ exchanger (i.e., the maximal INaCa, (KNaCa=1650 (pA/pF)) 65% increase from its normal level in 

endocardial cell). The maximum current of INaK and ICa,L current is modified to reproduce hypertrophy condition in 

endocardial cell (i.e, (PNak=0.78 (pA/pF)) 45% reduces from its normal level and (ICa,L = (ICa,L/2) (pA/pF)). In same 

way SR calcium pump Iup (Vmaxup=0.0015(mM/ms) and SR calcium leak channel Ileak (Vleak=0.00055(mM/ms) 

activation time also modified to reproduces abnormal CICR process. All the data takes from human myocytes by 

Priebe and Beukelmann (1998). T-wave negativity is defined as a voltage of giant negative T-wave ≥ 10 mm in any 

of the leads, deep ≥ 5 mm and mild 1-3 mm. 

Our 1D model simulation coded in MATLAB (7.11.0.584) - R2010b. Membrane potential and gating 

differential equations are solved by using Euler integration method. 

3. RESULTS AND DISCUSSIONS 

The simulated time course of the human ventricular epicardial and endocardial single cell AP is shown in 

Fig 4. (A- blue line and red line). The AP are generates from twelve main ionic currents showing activation and 

inactivation as functions of time and membrane voltage. The driving forces for the currents are the difference between 

the actual membrane potential and the equilibrium potential for each current. The sodium-potassium pump (Na+-k+) 

and Na+-Ca2+ exchanger in the sarcolemma is making dynamic changes in intracellular ionic concentrations. The 

simulation AP begins with a rapid phase-0 depolarization upstroke, accompanied by the activation of INa, Following 

the rapid depolarization, there is a rapid phase-1 repolarization causes by the activation of Ito, producing a sharp spike 

and notch. The phase-2 plateau is maintained by the activation of ICaL which is followed by the phase-3 repolarization 

as a consequence of an integral action of IKr, IKs and IK1. During the time course of AP, activation of Na+-k+ and Na+-

Ca2+ contributes to dynamic changes of ion concentrations and also to the morphology of the APs. The sub 

endocardial APs (red line) were of longer duration than the epicardial AP (blue line) because of differences in 

transient outward K+ current (Ito) and background currents is clearly shown in fig.4(i) and (ii). 

 
Fig.3. A: The first model, in this model the ventricular single AP has been calculated from fourteen ionic 

currents and pair of AP generates from 1D array of ventricular cells, B: The second model, ECG from 

right and left precordial lead has been generated by using two pairs and fifty pairs of AP 
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Fig.4. AP of single ventricular cell (mV), (A- blue line): AP of single epicardial ventricular cell at normal 

condition, (A- red line): AP of single endocardial ventricular cell with normal condition, (i): shows the 

different channels kinetics and current intensity in epicardial and endocardial cell at transient outward 

current, (ii): shows the different channels kinetics and current intensity in epicardial and endocardial cell 

at background current 
The EG is generates by flow of currents in the conductor surrounding the myocardium. The currents cause 

potential differences between various recording places and these potential differences can be picked up by the 

extracellular electrodes. 

 
Fig.5. Electrogram (mV): Two pairs of AP are used, The difference in potential within each pairs is used 

to simulate an EG 

The extracellular currents are in turn the result of currents within the myocardial tissue. The driving force is 

the difference in membrane potential between regions of the tissue. The difference in potential between the two sites 

generates current that flows between the regions. In our simulation, the first AP (endocardial cell) has been triggered 

by means of a simulation current injection. The second AP (epicardial cell) has been triggered by the first AP (gap 

junction current or coupling current: (Icup)) by means of a current flowing between the two sites. The EG as the 

difference between two ventricle myocardial (endocardial and epicardial) AP at normal condition is shown in the 

fig.5. The EG shows a ’QRS-complex’ followed by a flat ST- segment and a T-wave. Each site of myocardial wall 

can be regards as the generator of current and ECG follows from currents in the conductor surrounding the heart. 

Finally, ECG can be broadly describes as a weighted sum of these electrograms representing two opposing areas of 

the myocardium. In a simulation of ECG, one EG represents the difference between two action potentials 

(endocardial and epicardial) in one pair from the region in ventricle and the other EG represents the electrical 

potential of the region in the ventricle which is obtained by the difference of the latter pair of action potential 

(endocardial and epicardial). 

However, a simulation of ECG: it is assumed that 2 pairs and 25 pairs of action potentials represent the 

changes of electrical potential of the 2 and 25 regions of ventricles (endocardial and epicardial), and the other 2 and 

25 pairs represent the changes in 2 and 25 regions of the latter pair of ventricle electrical potentials. Furthermore, 

each pair of AP activate somewhat later than the previous pair of AP. The simulated time course of the human 

ventricular ECG (left precordial lead) in two and fifty pairs of AP at normal condition is shown in fig 7.A. (A- thick 

line): ECG was calculated as the difference between the two EGs. In two pairs ECG, representation of ‘Q’ wave is 

not predicted properly and also the amplitude of ‘R’ and ‘T’ wave is very much less because of weighted sum of 

these EG. (A- dot line): ECG was calculated as the difference between the fifty EGs. In fifty pairs ECG, 

representation of ‘QRS’ wave is predicted properly and also the amplitude of ‘R’ and ‘T’ wave is very much higher 

due to weighted sum of these EG. (i): shows very clearly the QRS complex variation generated by two and fifty pairs 

of EGs. Our simulation results reproduces the normal ventricular ECG wave with QRS complex 0.02 seconds, 

amplitude 1.4 mV, ST segment duration of 80 ms and QT intervals of 340 ms based on Sabatine (2000). Similarly 

the simulated time course of the human ventricular ECG (Right precordial lead) in two and fifty pairs of AP at normal 

condition is shown in fig.6. 
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Fig.6. Basic model simulation of ECG at normal condition (Right Precordial cell): Two pairs of AP and 

fifty pairs of action potentials are used, (A- thick line): ECG was calculated as the difference between the 

two EGs, (A- dot line): ECG was calculated as the difference between the fifty EGs, (i): shows very clearly 

the QRS complex variation generated by two and fifty pairs of EGs 

Simulation of ECG at enhanced activity of Na+-Ca2+ exchanger in Left Precordial cell and Right Precordial 

cell is shown in fig.8A and B. A (Left Precordial cell): Ventricular ECG can be broadly describes as a weighted sum 

of these electrograms representing difference between enhanced activity of Na+-Ca2+ exchanger in endocardial cells 

and normal epicardial cells. B (Right Precordial cell): Ventricular ECG can be broadly describes as a weighted sum 

of these EG representing difference between enhanced activity of Na+-Ca2+ exchanger in endocardial cells and 

normal epicardial cells. One of the prominent features of single myocyte of failing heart is an enhanced activity of 

the Na+-Ca2+ exchanger and is achieved by increased 65% of maximal INaCa(kNaCa) of control myocytes. This 

enhanced activity of the Na-Ca2+ exchanger changes phase-2 plateau potential according to the exchanger current 

(INaCa). Phase-2 plateau potential is depends on L-type calcium channels and calcium ion concentration. During 

enhanced activity of the Na+-Ca2+ exchanger, INaCa goes more negative, increased plateau potential and reduced the 

APD which leads to fibrillation - like excitation patterns in tissue. 

 
Fig.7. Basic model simulation of ECG at normal condition (Left Precordial cell): Two pairs of AP and 

fifty pairs of action potentials are used, (A- thick line): ECG was calculated as the difference between the 

two EGs, (A- dot line): ECG was calculated as the difference between the fifty EGs, (i): shows very clearly 

the QRS complex variation generated by two and fifty pairs of EGs 

 

 
Fig.8. Basic model simulation of ECG at enhanced activity of Na+-Ca2+ exchanger: A(Left Precordial cell): 

ventricular ECG generated by the difference between enhanced activity of Na+-Ca2+ exchanger in 

endocardial cells and normal epicardial cells, B (Right Precordial cell): ventricular ECG generated by the 

difference between enhanced activity of Na+-Ca2+ exchanger in endocardial cells and normal epicardial 

cells 

Due to enhanced activity of the Na+-Ca2+ exchanger, sodium ion concentration and its revesal potential (ENa) 

are affected. Our simulation results of ventricular ECG (fig.8A: Left Precordial cell) shows ‘R’ wave amplitude 

amplitude slightly increases and ‘QRS’ complex duration also increase in enhanced activity of Na+-Ca2+ exchanger 

versus normal conditions. This enhanced activity of Na+-Ca2+ exchanger causes horizontally ST- interval segment 

depression (40ms: compare normal condition, enhanced activity of the Na-Ca2+ exchanger causes 50% of ST- 

segment depression) and pointed deep T- wave inversion (deep ≥ 10mm ~ above 1mV). From this results enhanced 

activity of the Na+-Ca2+ exchanger play vital role in ST- segment depression and T-wave inversion concordant to 

ventricular repolarisation, suggestive of life threatening ventricular arrhythmias (primary repolarization 

http://www.jchps.com/


Journal of Chemical and Pharmaceutical Sciences                                                             Print ISSN: 0974-2115 

JCHPS Special Issue 10: July 2017 www.jchps.com    Page 20 

abnormalities). Simulation of ECG at hypertrophy condition in Left Precordial cell and Right Precordial cell is shown 

in fig 9.A and B. A (Left Precordial cell): Ventricular ECG can be broadly describes as a weighted sum of these EG 

representing difference between hypertrophy condition in endocardial cells and normal epicardial cells. B (Right 

Precordial cell): Ventricular ECG can be broadly describes as a weighted sum of these EG representing difference 

between hypertrophy condition in endocardial cells and normal epicardial cells. The condition for hypertrophy is 

[Na+]i is increased inside the cell (such as during block of the Na+-K+ pump), in the presence of a decreased Ca2+ 

current. Systolic calcium (Ca2+) transient is the spatial and temporal sum of such local Ca2+ releases. During 

hypertrophy condition, calcium transient process initiated very quickly at 20 ms onwards (at normal condition 

100ms). 

 
Fig.9. Basic model simulation of ECG at Hypertrophy condition, A (Left Precordial cell): ventricular 

ECG generated by the difference between hypertrophy in endocardial cells and normal epicardial cells, B 

(Right Precordial cell): ventricular ECG generated by the difference between hypertrophy in endocardial 

cells and normal epicardial cells 

This quick calcium transient process is happen with the help of reverse mode Na+-Ca2+ exchanger. Our 

simulation results of ventricular ECG (fig.9A: Left Precordial cell) shows ‘R’ wave amplitude amplitude slightly 

reduces in hypertrophy condition versus normal conditions. This hypertrophy condition causes horizontally ST 

interval segment depression (20ms: compare normal condition, hypertrophy condition causes 75% of ST- segment 

depression) and gaint ‘T’ wave inversion (gaint negative T-wave ≥ 20mm ~ above 2mV). From this results 

hypertrophy condition play vital role in ST- segment depression and T-wave inversion suggestive of irregular 

calcium transient process leads to early depolarization effects. 

 
Fig.10. Basic model simulation of ECG at SacroplasmicRecticulum (SR) failure condition, A (Left 

Precordial cell): ventricular ECG generated by the difference between SR failure condition in endocardial 

cells and normal epicardial cells, B (Right Precordial cell): ventricular ECG generated by the difference 

between SR failure condition in endocardial cells and normal epicardial cells 
Simulation of ECG at failure condition in SR calcium uptake pump and SR calcium leakage channels in Left 

Precordial cell and Right Precordial cell is shown in fig.10A and B. A (Left Precordial cell): Ventricular ECG can 

be broadly describes as a weighted sum of these EG representing difference between SR calcium channels failure 

condition in endocardial cells and normal epicardial cells. B (Right Precordial cell): Ventricular ECG can be broadly 

describes as a weighted sum of these EG representing difference between SR calcium channels failure condition in 

endocardial cells and normal epicardial cells. RYRs mediate the release of calcium ions from the SR, an essential 

step in muscle contraction. In cardiac muscle, the primary mechanism of activation is CICR, which causes calcium 

outflow from the sarcoplasmic reticulum. Ryanodine channel opening (K1) and closing (K2) rates depends on the 

calcium concentration in calcium subspace and sarcoplasmic recticulum. Peak systolic in open conducting state (K1) 

is activates upto100ms in normal, where as in SR calcium channel failure is activation period up to 200ms. In peak 

Diastolic is reduces up to 50% of the normal value. Inactivate closed state (K2) is activates after 100ms in normal, 

where as in SR calcium channel failure is inactivation period up to 200ms. Our simulation results of ventricular ECG 

(fig 10.A: Left Precordial cell) shows ‘R’ wave amplitude amplitude and QRS complex duration in SR calcium 

channel failure conditions is same as normal one, whereas T wave increases more positive up to 3.7mV. It looks like 

another premature QRS wave. From this results SR calcium channel failure condition play vital role in T-wave 

overshoot, which leads to arise synchronization problem in conduction and relaxation between ventricular and 

purkinje fibres. 
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4. CONCLUSIONS 

The electrocardiogram continues to be a valuable, noninvasive, easily repeatable, and inexpensive means of 

diagnosing many cardiac abnormalities, such as myocardial infarction, ischemia, and ventricular hypertrophy. 

Modeling of the electrical activation of the heart allows us to test if our knowledge of small-scale phenomena, such 

as the behavior of the cardiac membrane, suffices to explain large scale phenomena, such as the ECG. In this article, 

we show how the different arrhythmic types of calcium channels give rise to the generation of ST segment depression 

and T-wave inversion. Because of ST segment, corresponds to the plateau phase of the ventricular repolarisation 

(phase 2 of the AP), while the T wave corresponds to the phase of rapid ventricular repolarization (phase 3). Enhanced 

activity of the Na-Ca2+ exchanger, ventricular hypertrophy and SR calcium channels failure is also responsible for 

ST segment depression and T-wave inversion. Finally our conclusion, simulation results shows that [Ca2+]i alternant 

might be responsible for the fluctuation in APD that causes T-wave alternates in a whole heart and this could be 

causal factor in the genius of ventricular fibrillation. Abnormal Ca2+ channels, mishandling of Ca2+ is a central cause 

of both contractile dysfunction and arrhythmias (ST- segment depression and T wave inversion) in patho 

physiological conditions. 
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