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Abstract

Electrogastrograms (EGG) are electrical signalgiaaiting from the digestive system, which are dipserrelated with
its mechanical activity. Electrogastrography isedficient non-invasive method for examining the giejogical and
pathological states of the human digestive syst€here are several factors such as fat conductiébdominal
thickness, change in electrode surface area efchveffects the quality of the recorded EGG signkdghis work, the
effect of variations in the contact area of surfaglectrodes on the information content of the mesbu
electrogastrograms is analyzed using Rényi enteoly Teager-Kaiser Energy (TKE). Two different clesicutaneous
electrodes with approximate contact areas of 20 and 283.64 mf have been adopted and EGG signals were
acquired using the standard three electrode prbtécmther, the information content of the measue$sG signals
were analyzed using the computed values of entamlyenergy. Results demonstrate that the informatomtent of
the measured EGG signals increases by 6.72% farcamase in the contact area of the surface elbetby 29.09%.
Further, it was observed that the average eneggdses with increase in the contact surface d@tea.work appears
to be of high clinical significance since the aatarmeasurement of EGG signals without loss irinitisrmation
content, is highly useful for the design of diagimassistance tools for automated diagnosis anskreereening of
digestive disorders.
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Introduction diagnosis of various digestive disorders such as
Gastroesophageal reflux diesaese, functional dgspep
stomach ulcer, etc. Further, the non-invasive matir this
method makes it a simple, cost effective and effittechnique
for classification of the pathological and physgital states of
the digestive system [5].

The complexity of the physiological system and the
associated information content can be quantifiethgusa
number of techniques derived from the fields of lim@ar
dynamics, thermodynamics and statistical mechaicsThe
entropy associated with the system is derived ftoensecond
law of thermodynamics and has found its application
biomedical signals and time series analysis. Theopy of a
system is a measure of the disorder associatedtigtsystem
and hence is used to quantify the information auntf a
signal. In recent years, several researchers hswd entropy
measures for solving significant problems in theldfi of
biomedical engineering [7-10]. Bromilegt al. (2004) [11]

The gastrointestinal (Gl) tract is a tubular systisat begins
with the mouth starting from oropharynx, esophagt@mach,
small and large intestines and terminating at thgésaProcess
of digestion has several stages in which food ¢kém down
and absorbed [1]. Additionally, the gastrointedtitract is a
route for drug administration, absorption, biotfansation,
detoxification, and excretion [2]. The electroploysgy of the
digestive system is highly complex and the eleatrictivity of
the digestive system is closely correlated with tiechanical
process of digestion [3].

Electrogastrography is the measurement and rewpufithe
electrical activity associated with the procesdigfestion. In
this technique, the electrical signals originatifgm the
abdomen over the stomach are recorded using cuaneo
electrodes placed on the abdominal skin [4]. Theonded
signal is called an electrogastrogram and is dihcuseful for
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have presented the utility of entropy measures agcBhannon
entropy and Rényi entropy. Further, the authorsehderived

the correlation between Rényi entropy and infororationtent.
Also, the authors have concluded that Rényi entrapya

monotonic function of the information content andncbe

interchangeably used.

Energy of the system is defined as the capacityfstem to
do work. Biological systems are natural energy dfammers.
The activity of biological systems produces asdedialectric
signals which are closely related with the systeynathics
[12]. Teager-Kaiser Energy operator is an efficiéol for
analyzing the energy of biosignals in both contimicand
discrete domains. The Teager-Kaiser Energy is asuneaof
the energy required by the physiological systemrtmuce the
associated biosignal [13].

The change in electrode conductive area affeetsjtiality of
the electrophysiological measurements. Several ditical
researchers have presented the effects of diffexkutrode
surface area for analysis of biosignals [14-16]ntelevet al.
(1997) [16] have experimentally concluded that dlity of
the EGG signals depends on the electrode surfaese wsed.
Further, the authors have experimentally demorestritat the
specificity of the EGG test significantly variestiwvichanges in
the contact area of the surface electrodes used
measurement. Additionally, there are several dfetors such
as fat conductivity, abdominal thickness etc. affdabe EGG
signal recordings. Mintchev et al. (1998) [17] hgwesented
the effect of different abdominal thickness on riowasive
recordings of Electrogastrograms. Kanal. (2012) [18] have
experimented two complementary methods such
Magnetogastrograms and Electrogastrograms for measunt
of gastric electric potentials. Further, the aushdnave
quantified the effects of fat conductivity and #mness
parameters on both electric and magnetic fieldsoAlthe
authors have concluded that the increase in thgkrod fat
layer merely affects the amplitude of the EGG dligna

The objective of this work is to analyze the effexf
electrode surface area on the information contehtthe
measured electrogastrograms.

Methodology

EGG Signal Acquisition
In this work, a three electrode EGG measurementsysvas

EGG signals. Further, the acquired EGG signals were
amplified using an instrumentation amplifier desigrusing IC
AD624. The amplified EGG signals were acquired gsin
LABVIEW data acquisition card (NI USB-6009) and oeded
using LABVIEW (V 14.0.1) software. The EGG signalsten
normal male adults were recorded with their conséot a
period of 10 minutes using the two different eled&s with
varied contact surface area. A sampling time ofl Gs8conds
was used for recording the EGG signals. Furthex, GG
signals were de-trended and were further analyzed.

Rényi entropy

The statistical concept of order and disorder veaealed by
the investigations of Boltzmann and Gibbs in stiat$
physics. The quantitative connection is expressei@b:

entropy = klogD Eq. 1

where, k is the Boltzmann constant, afl is a quantitative
measure of the system disorder. In natural systmropy
appears to be a positive function of time and tendsach a
state of maximum entropy [21].

The concept of entropy was introduced by Rudolfgugius
in connection with the second law of thermodynanigk

for Entropy is a measure of disorder associated withstem and

as

adopted for noninvasive measurement of EGG signals.

According to the standard electrode placement pobtathe
first and second electrodes positioned below ttie destal
margin and, between the xyphoid process and thelliaos)
respectively. The third cutaneous electrode is qguaaway
from the stomach region for isolation purpose [20]. Two
different conductive solid gel Ag/AgCI surface dlecles with
contact areas of 201.14 mmand 283.64 mmwere used to
record EGG signals from ten normal individuals imsecutive
sessions. The recordings were used to analyzeffidnet of the
change in electrode contact areas on the informaibmtent of
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hence is a measure of information content, uncestaand
complexity of the system [22]. The concept of epyras
utilized in various fields of science and enginegrsuch as
statistical mechanics, information theory, biomatisignal
processing, chaos theory, neural networks, matheahat
linguistics, and taxonomy [6]. Alfred Rényi propdsiéne most
general definition of information measure that wbpreserve
the additivity for independent events and was cdibfgawith
probability axioms [23].
For a given a sample of probabilitigs

Lin=1 Eq. 2
Rényi entropy of the samplé(c) is given by [22]:
H(a) = —In(TP, pf) Eq. 3

wherep; is the probability that a random variable takegven
value out ofh values, and: is the order of the entropy measure.
As o increases, the entropy values become more sensdiv
higher probabilities and less sensitive to loweshabilities.
The Rényi entropy is a monotonic function of théormation
which implies that the Rényi entropy and informaticontent
can be used interchangeably in any practical agidies [11].
The information content of the recorded EGG signfals
variations in the contact surface area of the nraasu
electrodes was quantified using the Rényi entropy.

Teager-Kaiser Energy operator

The energy of a simple oscillation is proportiot@lboth the
square of the amplitude and the square of the é&ecy of the
oscillation. Teager-Kaiser energy (TKE) operataansefficient
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tool for analyzing both continuous and discretenalg from
the energy point of view [24].

The discrete Teager-Kaiser energy operdtas defined as
[24]:

Plx(n)] =x2(m) —x(n+ 1) -x(n—1) Eqg. 4

where, x is the measured EGG value andis the sample
number [25]. In recent years, the Teager-Kaiserrgne
operator is used to calculate the overall changmargy of the
signal on biological systems [26]. Further, the JexaKaiser
Energy operator tries to model the energy of thew® of the
signal, and not the energy of the signal which désually
measured [13]. In this work, the energy associatitti the
measured EGG signals was quantified using the TjgdEador.

Results and Discussion

Figures 1aand1b show a typical EGG signal measured using

the surface electrode with a contact area of 20mi# for a

period of 10 minutes and the single sided amplitsjoectrum
of the signal, respectively. It is observed thad trequency
range of 0.01 to 0.1 Hz is prominent in the FFTthed EGG

signals acquired using the surface electrode witbrdact area
of 201.14 mrh

Figures 2a and 2b show a typical EGG signal measured

using the surface electrode with a contact are288f64 mm,
for a period of 10 minutes and the single sided lange
spectrum of the signal, respectively. It is obsdr¢kat the
frequency range of 0.01 to 0.06 Hz is prominenthis FFT of
the EGG signals acquired using the surface eleetruidh a

a)

Amplitude (Volts)

Time (Minutes)
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contact area of 283.64 mMimWhile comparing the single sided
amplitude-frequency spectrum of the EGG signalsuized
from two different electrodes, it is clearly obsedvthat the
contact surface area affects both the amplitudefaagiency
of the EGG signal.

Figures 3a-eshow the average Rényi entropy of normalized
EGG signals for two different contact area of meiagu
electrodes, for five different values ¢ = 0.2,a = 0.4,a = 0.6,
a = 0.8 anda = 0.9) respectively. It is seen that the average
Rényi entropy increases with increase in contadase area.
This phenomenon may relate to the increased sipikecting
ability of the electrode with larger surface arBarther, it is
observed that the Rényi entropy increases withease ina.
Hence at higher orders, the relation between thg/iRéntropy
and Surface area is more prominent. Since, Rériyomynis a
measure of the information content in the measuE&I
signals, it is demonstrated that the informationtent of the
EGG signals increases with increase in the corstia of the
surface electrodes used for acquiring the signalso, the
difference in the Renyi entropy values of EGG sigrequired
from electrodes with different contact areas, wasfl to be
statistically significant (P < 0.006).

While comparing the percentage change in the ndbion
content (with = 0.9) with a change in the contagtaaof the
measuring surface electrode, it is found that amremse of
29.1% in electrode surface area leads to an iner@aghe
information content of the measured EGG signal6h#2%.
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Figure 1. (a) A typical EGG signal measured using # surface electrode with a contact area of 201.14nm, (b) the single sided amplitude

spectrum of the EGG signal.
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Figure 2. (a) A typical EGG signal measured
spectrum of the EGG signal.
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Figure 3. The Rényi entropy (Mean + Standard Error) d EGG
signals collected from electrodes with different attact area for
five different a values (a)a = 0.2 (b)a = 0.4 (c)a = 0.6 (d)a = 0.8
and (e)a = 0.9.
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Figure 4. Teager-Kaiser Energy of the EGG signal acqred using
surface electrode with 201.14 mfcontact area as a function of
sample number.
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Figure 5. Teager-Kaiser Energy of the EGG signal acqred using
surface electrode with 283.64 mfcontact area as a function of
sample number.
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Figure 6. The Teager-Kaiser Energy (Mean + Standard Hor) of
EGG signals for different electrode contact areas.

Figure 4 and Figure 5 show the Teager-Kaiser Energy of the
EGG signal acquired using the surface electrodd wdntact
areas of 201.14 mmand 283.64 mM respectively as a
function of sample number. It is observed that Treager-
Kaiser Energy of the measured EGG signals assurm#s b
positive and negative values. This phenomenon appkee to
the fact that the Teager-Kaiser Energy operates tto model
the energy of the source of the signal rather tharenergy of
the signal itself [13]. This result demonstrateattthe EGG
signal is generated by multiple sources in thestige system.
Hence, it is seen that the EGG signal consistafofmation
about several subsystems of the human digestiverayand
using proper analysis, the EGG signals acquireesgushe
adopted protocol can be used for assessment afugapiarts of
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the human digestive systenfrigure 6 shows the average
Teager-Kaiser Energy of normalized EGG signals,uaed
from electrodes with different contact area of 2@Imnf and
283.64 mm electrode. It is seen that the average energy
increases with increase in contact surface area.

Conclusion

The electrical signals originating from the digestsystem are
collectively called as Electrogastrograms. Elegasirography
is a cutaneous measurement and recording techmifjube

gastric electrical activity associated with the qass of
digestion [22]. Further, the non-invasive naturgto$ method
and the mechano-electric correlations makes itngplsi and

efficient technique for classification of variousisarders

Pol J Med Phys Eng 2017;23(2):37-42

electrogastrograms is analyzed using Rényi entrapg
Teager-Kaiser Energy. The three electrode systeth tha
standard recording protocol were adopted for raogrdhe
EGG signals. Two different circular cutaneous etatgs with
approximate contact areas of 201.14‘mamd 283.64 mm
have been adopted. Further, the information conténthe
measured EGG signals was analyzed using the cothpute
values of entropy and energy. Results demonstiae the
information content of the measured EGG signalse@ses by
a factor of 6.72% for an increase in the contaetaof the
surface electrode by 29.1%. Further, it was olexbithat the
average energy increases with increase in the ciostaface
area and the contact surface area affects bothnipditude and
frequency of the EGG signal. This work appears ® b

clinically significant since the measurement of EGignals
without loss in its information content is required assessing
the electromechanical associations and for the gdesif

systems for diagnosis of digestive disorders.

associated with the digestive system. The changseictrode
surface area impacts the quality of the EGG reocgsdiln this
work, the effect of variations in the contact afasurface
electrodes on the information content of the mesur
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