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Abstract: Problem statement: The heart is the first organ and most importatdlyorm in the body,
where is found the most powerful generator of eteofgnetic energy in the human body.
Electrophysiology was the best method used to disgrhuman heart problem. Knowledge of the
electrical potentials in human heart was a quarieap in the science of the human heart. Recently,
there had been a growing interest in studying tmdn ECG. Unfortunately a very complicated issue
which requires a relatively good understandingwfrgthing that had been said about the heart. Focus
on the review of physical, electromagnetic basibuwhan heart's biopotentials and understanding the
basic equations of cardiac electrophysiology tlegtresents the basis to all clinicians whether in
postnatal (pediatric or adult) or prenatal (foetdBdicine. Approach: Mathematical method used for
derivation of the essential equations of humantheactrical potentials, this equation will develte
principle sciences of human heart, the equatiom @lglier finding of the electromagnetic base ofnain
electrophysiology. Results: Heart is important electrical generator in humalyb The voltage and
current which was generated in human heart représemasis of heart biosciences. The electromagnet
energy of the heart not only envelops every cethefhuman body, but also extends out in all dwast

in the space around human bodonclusion: The proposed technique for electrophysiology and
potentials on human ECG is useful and the resudigcontribute to the references for later studies.

Key words: Electrophysiology, human electrocardiogram, surfaagntials, electromagnetic basis of
the electrocardiogram, signal to noise ratio, hunfesart, trigonometric identities,
electromagnetic energy

INTRODUCTION Bioelectric potentials are Method and system for
recognizing and characterizing bioelectric potdntia
This review study deals with the genesis of humarElectromyographic (EMG) signals associated witkeast
heart bioelectric signals that are recorded roltim®  one of a coarse gesture and a fine gesture thatfirmed
modern clinical practice. Given adequate monitoringby a person and use of the bioelectric potentialsnter

equipment, the phenomena named thegata and/or commands into an electrical and/or arechl
Electrocardiogram (ECG) consisting many forms ofjnstrument.

bioelectric phenomena can be recorded with relative Electrically they exhibit a resting potential and

ease for example Electroencephalogram (EEGwhen appropriately stimulated, produces an action

Electroneurogram (ENG), Electromyogram (EMG) andpotential, as the following paragraphs explain.

Electroretinogram (ERG). In this review study the electrophysiological
Biomedical Engineers generally have a goodaspects of cardiac development and an ECG for

physical insight into the nature of electromagnéitills  monitoring are presented.

produced by bioelectric sources and because af the

comprehensive understanding of the physical probleng|ectrophysiology of the human heart: An

they may contribute to the solution of biological electrophysiology study or EP study is a diagnostic

problems (Afelet al., 2011). procedure to look closely at the electrical funotiof
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your heart. It is the most accurate and reliableartifacts generated by the relative motion of the
method of evaluating your heart rhythms and helpglectrode and the skin as well as by the activity o
your cardiologist determine the treatment optioatth the nearby muscles. An important consideration in
is most appropnat_e for you (Scanziani and Haussergood ECG signal acquisition is the use of high-
2009). It’'s involves 8 measuremeqts quality electrodes. Since ECG instruments are often
of voltage change or electric currenton a wide . s . i

used in critical-care environments; they must be

variety of scales from single ion channel protdins . .
whole organs like the heart. In neuroscience, ielectrically isolated for safety and protected frtime

includes mea surements of the electrical activity"lgh voltages generated by defibrillators. ECG
of neurons and particularly action potential agtivi Piopotential amplifiers find use in many monitoring
(Vigmond et al., 2003). Recordings of large-scale instruments, pacemakers and defibrillators. The ECG

electric signals from the nervous system suchoday is used to monitor the electrical workings of
as electroencephalography may also be referred to ahe heart. Physicians use this information to digco
electrophysiological recordings. such things as heart rate, arrhythmias, myocardial
infarctions, atrial enlargements,  ventricular

Human ECG: The electrocardiogram or ECG is a way hypertrophies and bundle branch blocks.
of measuring the electrical activity of the hea\on,
2010). However, is unfortunately a very complicatedThe physical basis of eectrocardiography: As a result
issue which requires a relatively good understamdin  of the electrical activity of the cells, currentvits within
everything that has been said about the heart §atfa the body and potential differences are establisimethe
and Daqgrouq 2008), So far it is a very useful toolsurface of the skin, which can be measured usittgide
indeed for analyzing the activity of the heart-esgly ~ equipment (electrodes) (Cliffordt al., 2006). The
since many problems can be diagnosed by looking ajraphical recording of these body surface potential a
the conducting system but it's also very hard toygeir ~ function of time produces the electrocardiograme Th
head round and not something to be taken lightlyreM simplest mathematical model for relating the cardia
details Fig. 3 shows the Schematic representaifon generator to the body surface potentials is thglsin
normal ECG, this schematic is best endector of alipole model. This simple model is extremely useful
clinical masurment . in providing a framework for the study of clinical

The activity on the body surface is known to electrocardiography and vectorcardiography (Niedere
reflect the activity of the heart muscle underneathet al., 2011), though of course much more complex
and in its proximity. A clinically accepted lead treatments have been developed. The dipole model ha
system (Fig. 4) has been devised and is called2ie two components, a representation of the electrical
lead system. It comprises a combination of ele@sod activity of the heart (the dipole itself) and the
taking measurements from different regionsgeometry and electrical properties of the surrongdi
designated limb leads, the pericardial leads armd thbody. First, consider the representation of the
chest leads. Limb leads derive signals fromelectrical activity of the heart (Hobbie, 1973) as
electrodes on the limbs and are designated as leadsaction potential propagates through a cell (i.e.thie
[l 'and IIl. Pericardial leads are designated aVRl.a myocardium), there is an associated intracellular
and aVF and are derived by combining signals fromcurrent generated in the direction of propagatian,
the limb leads. The remaining six leads, V1,the interface of resting and depolarizing tissuasTs
V2,...V6, are chest leads. Together, ECGs from theséhe elementary electrical source of the surface ECG
various leads help define the nature of the actieity referred to as the current dipole. There is alseumal
a specific part of the heart muscle: for exampleextracellular current flowing against the directiof
ischemia (impaired oxygen supply to the muscle) opropagation and so charge is conserved. All current
infarction (damage to the muscle) on the left ssfle loops in the conductive media close upon themselves
the chest may be noticeable in lead Ill. The ECGforming a dipole field (Fig. 1). The heart’s total
signals (Fig. 3) at the surface of the body arelsima electrical activity at any instance of time may be
amplitude for adult of human the mean valuerepresented by a distribution of active currentotiép
Approximately about 150 pv (Ali and Zeng, 2010), where the Fig. 2 shows the the direction of this
which make the measurements susceptible teurrent.

322



Am. J. Engg. & Applied i, 4 (3): 321-327, 2011

ol (2
A (@ 5

e )

Fig. 1. heart view as electrical potential
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Fig. 2: The dipole field due to current flow in a
myocardial cell at the advancing front of
depolarization. where Yis the Tranmembrane
potential (Cliffordet al., 2006)
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Fig. 3: Schematic representation of normal ECG

In general, they will lie on an irregular surface

may be assumed to originate at a single point atsp
and the total electrical activity of the heart magy
represented as a single equivalent dipole whose
magnitude and direction is the vector summatioalbf
the minute dipoles. The net equivalent dipole mamen
is commonly referred to as the (time-dependent)ythea
vector M (t). As each wave of depolarization speead
through the heart, the heart vector changes in
magnitude and direction as a function of time. The
resulting surface distribution of currents and ptitds
depends on the electrical properties of the torso.

As a reasonable approximation, the dipole model
ignores the known anisotropy and in homogeneity wit
the torso treats the body as a linear, isotropic,
homogeneous, spherical conductor of radius, R and
conductivity,c. The source is represented as a slowly
time-varying single current dipole located at tlemter
of the sphere. The static electric field, curreahgity
and electric potential everywhere within the toand
on its surface) are no dynamically related to tearh
vector at any given time (i.e., the model is quasi-
static).The reactive terms due to the tissue impega
can be neglected. Laplace’s equation (which holds
within the idealized homogenous isotropic condugtin
spherical torso) may then be solved to give themal
distribution ) on the torso as Eq. 1:

(t) =cosh ()3 M(t} / 40 R 1)

where, 8(t) is the angle between the direction of the
heart vector M(t) and OA the lead vector joining th
center of the sphere, O, to the point of obsermatia
IM| is therefore the magnitude of the heart vectog.(Fi
6). More generally, the Potential difference betwte
two points on the surface of the torso would beZq.

Vg () =M(D).L pg(1) &)

where, L is known as the lead vector connecting
points A and B on the torso. It is useful to defime
reference Central Terminal (CT) (Fig. 5) by avenggi
the potentials from the three limb leads Eq. 3:

D (1) =Ppa (D) + P (D + D (1) (3

where, RA indicates right arm, LA indicates leftmar
and LL indicates left leg. Note thatr should be zero
at all times.

corresponding to the boundary between depolarindd a Einthoven lead system: Historically the first one who

polarized tissue. If the heart were suspended in

designed the measuring system for human cardiac is

homogeneous isotropic conducting medium and wergvillem Einthoven 1901. This system named Einthoven

observed from a distance sufficiently large comgdce
its size, then all of these individual current dgmo

lead system is illustrated in Fig. 5 is a systerat th
describes a triangle vector around the human body.
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Fig. 4: A triangle vector around human body; addpte
with permission from (Malmivuo and Plonsey,
1995)

Fig. 5: Wilson central terminals; adopted with
permission from (Malmivuo and Plonsey, 1995)

Fig. 6: The idealized spherical torso with the calht
located cardiac source (Cliffortial., 2006)
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The Einthoven limb leads (standard leads) as
defined in Fig. 4 above by (Malmivuo and Plonsey,
1995), it is possible to measure the leads Eq. 4

leadl:V,=® -d,
Leadll:V, =®. - P,
Leadlll:V,, =®. - P,

(4)

Where:
V, The voltage of lead |

V, = The voltage of lead Il
Vi = The voltage of lead IlI
&, = Potential at left arm

®r = Potential at the right arm

O3 Potential at the left foot

The left arm, right arm and left leg (foot) areal
represented with symbols LR, and L, respectively.

According to Kirchhoff’'s law these lead voltages
have the following relationship Eq. 5:

VI+VII =Vl

(5)

To prove this idea simply Treat ECG as a Vector
with magnitude V and an angbethen Eq. 6:

Leadl= VcosB )
Leadll= Vcos(60-6 )
leadlll = -V cos(60+ 0 )

(6)

By using the following trigonometric identities:

Leadlll = -V cos(60+0 )=

-V{cos(60)*cos@ )- sin(60)*sing )] 0

Leadll= Vcos(60-6 F

V{cos(60) *cos@ )+ sin(60)*sing )] ®)

By using subtraction Eq. 8 from Eq. 7 can get%q.

Leadll- Leadlll= 2*V*cos(60) *cosf |

=2*V*0.5*cos(B) = Vcos@ )= Leadl ©)

Therefore Eq. 10:

Leadlll = Leadll- Lead| (20)
Hence only two of these three leads are

independent. The lead vectors associated with
Einthoven’s lead system are conventionally founseda

on the assumption that the heart is located imfanitie,
homogeneous volume conductor. One can show that if
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the position of the right arm, left arm and lefg lare at
the vertices of an equilateral triangle, having lteart
located at its center, then the lead vectors asm fan
equilateral triangle.

The location of the Wilson central terminal is

typically in the center of the Einthoven triangle
(Malmivuo and Plonsey, 1995).

It is possible to measure the voltage signal

between the Wilson Central Terminal and an
Wilson central terminal in human heart: Frank electrode location on the human body. This voltasge
Norman Wilson (1890-1952) where mentioned incalled the monopolar ECG and the voltage between
(Malmivuo and Plonsey, 1995) investigated howany two electrode locations is called the bipolar
electrocardiographic unipolar potentials could beECG.
defined. Ideally, those are measured with resped t
remote reference (infinity). But how is one to askd  Electromagnetic basis of the electrocardiogram: The
this in the volume conductor of the size of the hum electrical currents and potentials generated inhereart
body with electrodes already placed at the exties#tt are the result of opening and closure of ionic clets
This was formed by connecting a DKresistor from  at a cellular level. The coherent activation of ruous
each terminal of the limb leads to a common pointcellular reactions of this sort results in elecltitields
called the central terminal, as shown in Fig. 5Is@fi  that propagate in the so called body volume corfuct
suggested that unipolar potentials should be medsur resulting in measurable potentials at the bodyaserf
with respect to this terminal which approximates th Neglecting the underlying chemical reactions, fram
potential at infinity. Actually, the Wilson central electromagnetic point of view, the biological voleim
terminal is not independent but, rather is the agerof  conduction problem is somewhat unusual in the sense
the limb potentials. This is easily demonstrated bythat the current sources are within the conductrer
noting that in an ideal voltmeter there is no leadrent.  than being due to induction. Through the study of
Consequently, the total current into the centrahteal  electrical and magnetic properties of body tissiteis,
from the limb leads must add to zero to satisfy th€found that the cardiac volume conductor problem has
conservation of current (Fig. 3). Accordingly, we the following important features (Sameni, 2008):
require that Eq. 11:

« The electric displacement current is negligible.

lg+1, +lp= Therefore, the electromagnetic problem is quasi
Der =Py, Py =P, Py =0, (11) static, which means that the electric and magnetic
5000 5000 5000 fields are decoupled, the electric field is propaslo

to the gradient of the electric scalar potential Hre
divergence of the current density is zero
The problem is linear, meaning that superposition
holds for the potentials due to several sources

e For frequencies below several kilohertz, the
capacitive component of the electrical
impedance of body tissues is negligible, which
means that the tissues are within a very good
approximation, resistive

where, the d, I. , Iz is current and® is electrical
potential.

It is found that the CT is the common point. The
Wilson central terminal represents the averagaefiinb
potentials. Because no current flows through a -high
impedance voltmeter, Kirchhoff’s law requires tegt 12:

Io+1_+l,=0 (12)
Electrical potential in human heart: A human heart
Then Eq. 13: can be described as an electrical dipole, elettrica
voltage equation represent importation knowledgk. T
o = PrFP P (13)  how no finding information on the exact voltageueal
CcT .
3 coming from the heart and may any human body has a

uniqgue voltage value (Bera&t al., 2005). Finding
Since the central terminal potential is the averagApproaches of calculating the equation of eleatric
of the extremity potentials it can be argued thasi voltage of human heart in that research assumed hea
then somewhat independent of any one in partiardr  to be as cylindrical volume, the coordinate of @oynt
is therefore a satisfactory reference. In clinjpactice  tangent to the cylindrical volume ip,(®, Z) at any
good reproducibility of the measurement system igoint, the heart vectorfAmay be assumed to have three
vital. Results appear to be quite consistent inicil  components f, along the radius vector, Ealong the
applications. direction perpendicular to the radius vector ang E
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along the direction z . Any monopolar harmonic ECG ‘ M .

voItagge at any point in theyfrontal ICp))Iane with resipto 4rog= | J0 (%)d“J'Zl: 6 -0 L QU % )ds (18)
Wilson’s Central Terminal (WCT) may be assumed to g
be due to the electric field component Bf the heart
vector. Let the Z-component of the sinusoidal nth
harmonic ECG heart electric field vector at the iarig
coordinate of cylindrical volume (O) beds sin (nuwt)
which will propagate, in all-possible directionstlthe
average nth harmonic propagation constant along
direction bevy,, so that at a distance Z from the
reference plane it may be measured as Eq. 14:

On the left-hand-side of equatiapijs the potential
defference between a fixed point outside the charge
distribution and the reference of potentials. It
corresponds to the potentials recorded on the body

urface. The volume v is an arbitrary volume conitayj

e current dipole distribution (i.e. the hearisrthe
radial distance of the element of volume or areenfthe
point from which the potentialp is recorded. The
potentialsy, inside the integral on the right-hand-side of
EZn = Ezone‘yzn Z (14) equation are the potentials of surface elementthef
integral.[0.J is the divergence of i(1/r) is the gradient
where,y,.=(a+jpB)a being the attenuation constant andOf Lr and. the dot sign () represents vectonqiem

. . product. Finally, dv, is the volume element ang idsa
B being the phase shift constant. vectorial surface element, normal to the j-th sefa

The voltage in a particular electrode locationaon element. An equivalent equation that is more apjat

particglar human body may be assumed to be as tl}Sr the later presented models is as follows Eg. 19
following Eq. 15-16:

: Mo -0 (. 2E

V(1) =J,,(pkn) (15) 4= GnJdu-Y L[ 3 gg (19)
ur j:lo'J +GJ S r]

Va(t) :n; Jn (Pkn)cos(io, 6 (16)  where, E,=(E+E')/2andE'and E’ are the electric

fields on either sides of the surfaces with congiigti
where,0=BZ, J, Bessel functions of the first kind and k discontinuity.
is a constant. From Eg. 18 and 19, we can see that the body
surface potentials consist of two parts: a term

Conductivity of human cardiac: The electrical corresponding to the divergence of the cardiac

potential ¢, recorded at the body surface satisfies thdmpressed current dipole moments and a term
well-known Poisson Eq. 17: corresponding to the ‘reflections’ of the cardiaarses

onto the surfaces of conductivity mismatch.

1
DZ¢=EDU (17) calculation of Signal to noise ratio in ECG:
Generally the calculation of signal to noise ratio
defined as Eq. 20:

Where:
J = The cardiac impressed current dipole moment V2

density SNR = 2! = __me.signe (20)
o = The conductivity at the measurement point of the Poise V" rms.naise

potentialg

For ECG recordings, it is not representative te us
To solve this deferential equation, we require alh€ power in the complete signal (Petersl., 2006).
model for the conduction media. For our problem ofinstéad, an estimate of the average power in th& QR
interest, we consider the volume conductor, or th&Omplexes in the recording is used. For this eséma
propagation media, to be formed of M (a finite nemb the peak-to-peak amplitude of all QRS complexefién
of) homogeneous regions separated from one anoth&lgnal is determined. Assuming a sinusoid shaptbef
by closed surfaces Baving the conductivities’;and ~ QRS COMPIEX. Vos signaBecomes Eq. 21 -
¢"; on its interior and exterior. Equation 17 may be
transformed into a more useful representation for,, = }\/EB}D/PP -~ (21)
calculating the body surface potentials: mesene 272 O
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This results in a signal to noise ratio of Eq. 22: Ali, M.A.S. and X.P. Zeng, 2010. A novel technicfoe
extraction foetal electrocardiogram using adaptive

éVZPP,QRS fiI_tering and simple genetic algorithm. Am. J.
SNR=3— (22) Biostat., 1 75-81. DOI:
Vs, oise 10.3844/amjbsp.2010.75.81

Bera, S.C., B. Chakraborty and J.K. Ray, 2005. A

where, \bporsiS the mean peak-to-peak amplitude of the o matical model for analysis of ECG waves in

QRS complexes in the ECG signal anghsYoiseis the

. . . a normal subject. Measurement, 38: 53-60. DOI:
rms amplitude of the noise that was added to thieab '
The results show various methods for calculation 10.1016/.MEASUREMENT.2005.01.003

electrical potential in human heart. In the revife Clifford, G.D., F. Azuaje and P.E. McSharry, 2006.
Physical Basis of Electrocardiography the potential ~Advanced Methods and Tools for ECG Data
distribution in human body was discussed. The Analysis. 1 Edn., Artech House, Boston, ISBN:
Einthoven lead system and Wilson central terminal i 1580539661, pp: 384.

human heart represent the bases of electrophysiologHobbie, R.K., 1973, The electrocardiogram as an
which was explained in this study. The derivatidn o example of electrostatics. Am. J. Phys., 41. 824-
the equation of Electrical potential in human heart  824. DOI: 10.1119/1.1987390

and the conductivity of human cardiac musclesjeyon, P., 2010. An introduction to electrocardimgr

shows the  Electromagnetic  Basis of the  anitoring. Nurs. Critical Care, 15: 34-38. DOI:
Electrocardiogram .more benefits the calculation of 14 1111/71478-5153.2009.00361.X

signal to noise ratio, where it is easier to acedon Malmivuo, 3. and R Plonsey, 1995.

the value of SNR for QRS complexes. . . L L
Bioelectromagnetism: Principles and Applications
CONCLUSION of Bioelectric and Biomagnetic Fields. 1st Edn.,

) ] ] Oxford University Press, New York, ISBN:
The electrophysiology and biopotentails of human 195058232, pp: 482.

ECG are approximately the concept of electric""lNiederer, S., L. Mitchell, N. Smith and G. Plank12.

potential in human heart. From the findings, one . : - .
observed the derivations of human heart electrical Sl_m_ulatlng human - cardiac eIegtrophysmIogy o.n
clinical time-scales. Front. Physiol., 2: 1-7. DOI:

equation from the bases of electromagnetic or plysi
of the human heart. However, the idea to contritbate 10.3389/fphys.2011.00014 _

solve the human ECG problem. More work is wellPeters, C., R. Vullings, J. Bergmans, G. Oei and P.
under way concerning the application of the human  Wijn, 2006. Heart rate detection in low amplitude

ECG version for the future research in this field non-invasive fetal ECG recordings. Proceedings of
much as the ideas are concerned, the current §adin the 28th Annual International Conference of the
will contribute to the references for later studies IEEE Engineering in Medicine and Biology
Society, Aug. 30-Sept. 3, IEEE Xplore Press, New
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