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ABSTRACT

Cancer imposed a social, economical, and physical burden all over the world that required early-stage diagnosis and
timely medication. There are several costly and unaffordable diagnostic tools and techniques that create an economic
strain over the middle and lower economic class of the society. Therefore, there is a need for some cost-effective and
sensitive technique that can be afforded by each class of society. Electrical impedance tomography may be an emerging
solution as recently research started for this well-established technique in the detection of premalignant tissue. In this
paper, we review the working principle, the basic functionality of EIT as well as its procedure to differentiate the
cancerous and non-cancerous tissue. Sensitivity and specificity were also reviewed to evaluate its performance in cancer
diagnosis. The previous finding reported the efficacy of electrical impedance tomography in cancer diagnosis with higher
sensitivity and specificity and proposed it as a cost-effective tool for early diagnosis of several types’ cancer.
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INTRODUCTION

Cancer is a serious and complex disease that can affect any part of the body [1]. It arises from the
transformation of normal cells into tumor cells in a multistage process that generally progresses from a
pre-cancerous lesion to a malignant tumor [2]. These changes are resulted due to the interaction of genes
with some external factors, which includes physical carcinogens (ultraviolet and ionizing radiation),
chemical carcinogens such as asbestos, components of tobacco smoke, aflatoxin (a food contaminant), and
arsenic (a drinking water contaminant), biological carcinogens, such as certain viruses, bacteria, or
parasites [3]. According to WHO, Cancer is the second leading cause of death, accounting for 9.6 million
deaths in 2018 [4]. The overall burden of cancer is increasing economically in developing countries as a
result of population, aging, and growth besides that the increased adoption of cancer-associated lifestyle
including smoking, physical inactivity, etc [5]. The existing technology for cancer diagnosis are computed
tomography (CT), magnetic resonance imaging (MRI), single-photon emission computerized tomography
(SPECT) and positron emission tomography (PET) etc [6]. These technologies are costly, less accessible,
and have patient compliances with side effects. The economic burden of a cancer diagnosis can be
replaced by an alternative cost-effective technology electrical impedance tomography with no patient
compliances. The aim of this study is to review the application of electrical impedance tomography in
cancer diagnosis. Electrical impedance scanning has been generating interest for several reasons
including comfort to the patient, relatively low cost, compatibility, and portability [7-8]. Cancer is simply
the uncontrolled proliferation of the cells without following the cell cycle norms, because of this cancer
cells will have a different material composition ratio as compared to the normal cell. Shreds of evidence
are available that the hydrostatic condition of the cancer is different with respect to the normal cells [9-
10]. Changes in dielectric media result from a change in impedance characteristics of the cell [11].
Electrical impedance tomography based on Ohm’s Law. It measures the impedance or opposition to the
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flow of an electric current through the body fluids contained mainly in the lean tissue. A small constant
current or constant voltage signal administrated inside the body using a surface electrode other side
connected to the EIT instrument [12-14]. Output potentials and voltage drop between the electrodes
measured concerning mono or multi-frequency current [15-18]. Further, an image constructed using the
backend software that indicates resistivity and conductivity of the tissue in the form of an image. Figure 1
is representing a simple working block diagram to understand the working of electrical impedance
tomography (EIT).
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Figure 1: Block diagram of EIT

ELECTRICAL PROPERTIES OF BIOLOGICALTISSUE:

Electrical properties of biological tissues depend on cellular structures. Human tissue consists of an
aggregation of cells surrounded by fluids. Each cell has a membrane enveloping intracellular fluid. The
cellular membrane is a complex system, containing mainly lipids, proteins, and oligosaccharides, and
shows a bi-layer structure. The backbone of this bi-layer cellular membrane is a heterogeneous mixture of
different kinds of lipids. Lipids are organic molecules composed of a hydrophilic head group (polar) and a
hydrophobic acyl chain (hydrocarbon chain) [19]. Several studies on bilayer cell membranes showed that
a cell membrane maintains an ion concentration gradient between the intracellular and extracellular
spaces. This electric charge gradient creates an electrical potential difference across the membrane and
behaves as an electrical capacitor [20-21] an electrical capacitor is a charge-storing device, which consists
of two conducting plates separated by an insulating barrier. The lipid bilayer of the plasma membrane
forms an insulating barrier to separate ICF and ECF electrically conductive plates and behaves like a
capacitor [22-23 resistor too, therefore, controls the conductance of various ions. This conductance can
directly translate to resistance since conductance is simply the inverse of resistance. Therefore, the cell
membrane is modeled as a resistor and capacitor in parallel [24], Figure 2.

Cell Membrané

Figure 2: Electrical Equivalent cell model
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Since the electrical impedance of the biological tissue contains resistive and capacitive and can be
represented as Z(impedance)=R (Resistance)+jX (reactance) in serial representation and
Y(admittance)=G (conductance)+j*w (angular frequency)*C (capacitance). However, electrical properties
of tissue vary with the frequency of applied electric current and can be seen in the form of alpha, beta, and
gamma dispersion [25]. At low frequency (10 Hz-10 kHz) alpha dispersion occurs that is mainly affected
by the ionic environment surrounding, the cells or the ions present in the extracellular spaces. The beta
dispersion is related to the structure relaxation and occurs in between 10 kHz-10 MHz; at higher
frequencies >10MHz, the gamma dispersion found which is related to water molecules. Figure 3
representing the pathways for the low and frequency electrical current within the biological tissues. The
alpha and beta dispersion regions are more interesting in medical applications since most changes
between pathological and normal tissue occur in this range [26-28]. Any alteration in the permittivity,
and hence in the specific membrane capacitance and impedance may be attributed to morphological
and/or functional alteration of the membrane. Therefore, changes in membrane bioelectric properties
may indicate the aging presence of disease or stress [29-31]. Zohdi et al stated deviation of the
permittivity parameter help to characterize the tissue disorders [30]. Several techniques like bioelectrical
impedance analysis (BIA), electrical impedance spectroscopy (EIS), electrical impedance
plethysmography (IPG), impedance cardiography (ICG), and electrical impedance tomography (EIT)
based on electrical impedance of biological tissues are being used for diagnostic purposes also [32-37].
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Figure 3: Pathways for Low and High Frequency current

ELECTRICAL IMPEDANCE TOMOGRAPHY FOR CANCER DIAGNOSIS:

Breast cancer is a medically and socially serious issue worldwide that needs early detection for effective
treatment. Electrical impedance tomography used as a supplement to the existing technique. There are
several studies to evident its application in breast cancer diagnosis. Raneta et al., 2012 randomly selected
patients 18-94 (mean 54) years with breast cancer were also confirmed breast cancer using X-ray
mammography and ultrasonography. Electrical Impedance Tomography performed using MEIK
developed Russian Academy of Sciences. Results shows sensitivity and specificity of EIT87%, 89% and
85%, X-ray mammography (MMG) 91% and 91%; ultrasonography (USG) 91% and 84%. Sensitivity
increased to 96% and 98%, respectively, when combinations EIT+MMG and EIT+USG were used. The
specificity increased to 79% for EIT+MMG and 71% for EIT+USG. EIT+MMG and EIT+USG NPV remained
the same. PPV was 65% and 58%, respectively for the EIT+MMG and EIT+USG combination [38]. Another
study by Pak et. al,, 2012 also reported 87.39%. the efficiency of EIT in breast cancer diagnosis [39].
Murillo et al., 2020 demonstrated the use of mono frequency electrical impedance mammography (EIM)
in the detection of breast cancer with 85 % sensitivity and 96% specificity. This analysis was performed
on 1200 women between 25 and 70 years old using MEIK electro impedance v.5.6. (0.5 mA, 50 kHz),
developed and manufactured by PKF SIM-Technika® [40]. Halter et al., 2015, demonstrates the 81%
specificity and 77%.sensitivity of EIT technique in cancer diagnosis [41].

A preliminary clinical study carried out by Wan et al, 2013 demonstrated higher conductivity of
cancerous tissue and reported potential benefits of electrical impedance measurements. A study of EIS
(electro interstitial scan) system using bioimpedance and chronoamperometry was performed. Wan et al,,
2013 examined three hundred men with prostate cancer where EIS system had a very good specificity of
85.2% and 62.5%sensitivity. Integration of bioimpedance and chronoamperometry with EIS raises the
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sensitivity from 73.9% to 91.5% in prostate cancer imaging. EIS spectra differ for benign and malignant
tissues [42], it can be used for the grading of low and high-grade malignant tissues [43]. Impedance
tomography techniques are also proposed for cervical cancer diagnosis based on decreased resistivity
and increased conductivity with 81% sensitivity and 71% specificity [44-46]. Another group of studies
demonstrated the difference in melanomatous and non-melanomatous skin tumors with very high
sensitivities > 95% [47-49]. Overall studies reported the application of electrical impedance tomography
in oral, bladder, Liver, and Lung cancer detection [50-54].

CONCLUSION

The aim of this study was to review the application of electrical impedance tomography in cancer
diagnosis. Previous studies reported the change in impedance and conductivity of malignant tissue from
normal tissue. Therefore, resistivity, conductivity, and impedance are major monitoring parameters in
electrical impedance tomography. Overall, this technology is painless, cost-effective, compatible, portable,
user-friendly technique with no side effect. Cost-effective characteristic with a higher value for specificity
and sensitivity to several types of malignant tissue make it suitable for cancer diagnostic for the
economically weaker section of the society. It can be used for the earlier diagnosis of cancer with no side
effect that further leads to the treatment of cancer.
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