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Introduction
Cervical cancer is the fourth most common cancer for women in 

the world, and the seventh overall, with an estimated 528,000 cases 
in 2012. Its geographic distribution is irregular and it is more likely to 
occur in developing countries. The 87% cervical cancer deaths occur 
in less developed regions.1 The incidence and mortality age-adjusted 
rates were respectively 19,3 and 8,2 per 100000 women for Colombia 
between 2007-2011.2 To improve the sensitivity in intraepithelial 
lesions and invasive cancer detection, new technologies such as liquid-
based cytology,3 visual inspection methods with acetic acid and lugol’s 
iodine (VIA, VILI),4–6 EIS7–14 and optical fluorescence spectroscopy15 
have permitted the achievement of diagnostic sensitivity greater than 
70%. 

Electrical impedance spectroscopy
EIS is a technique used in the characterization of different materials 

and especially in biological tissues.16 EIS is a useful technique for the 
detection and characterization of cervical intraepithelial lesions, with 
diagnostic precision greater than 75%, with sensitivity and specificity 
over 69%, similar to other detection methods of cervical intraepithelial 
lesions.12,13 EIS has an acceptable positive predictive value and a 
negative predictive value close to 90%14 while the sensitivity of 
conventional Pap smear in detecting cervical lesions before cervical 
cancer is 51%, which means the false negative value is 49%.17 

The EIS is a technique that has been developed in the Medical 
Physics Department at Sheffield University (England) by Brown 
and colleagues, with application in pre-invasive cervical lesions.7–11 
In Australia, Coppleson and colleagues have performed works using 
a combination of electrical impedance spectroscopy and optical 
fluorescence.15 In Colombia, the Cervical Cancer and Breast Cancer 
Research Group at Caldas University have reported results found in its 

population for intraepithelial lesions and invasive cervical cancer.12–14

The EIS technique is based on the application of a small alternating 
current on the tissue around 20 microamps, using a tetrapolar probe 
constructed with four gold electrodes: two current electrodes and two 
voltage electrodes. The probe is calibrated using a saline solution 
with known conductivity. The current is supplied by a controlled 
source through two electrodes called current electrodes. The potential 
difference between points of the tissue affected by the electrical field 
is measured by the other pair of electrodes, called voltage electrodes 
(Figure 1). 

The tissue transfer impedance to each of the frequencies is 
obtained from the relationship between the measured voltage and 
the applied current. With the impedance values   calculated and the 
different frequencies, curves or spectra can be constructed and allow 
the association of each curve with the different tissue types and their 
pathological states (Figure 2). 

With the curves obtained, it is possible to calculate some parameters 
that can be associated with the different types of tissues and which 
are in correspondence with a representation of the tissues through 
electrical circuits and mathematical models.18 In this modeling it 
is common to associate intracellular and extracellular spaces with 
resistors and the cell membrane with capacitors, that is, the associated 
circuit is made up of two branches: The first, a resistor that represents 
the resistivity of the extracellular space and the second, in parallel 
with the first, the series of another resistor that models the resistivity 
of the cytoplasm and the capacitor that models the cell membrane.7,12

It has been found in some investigations that the magnitude of tissue 
impedance decreases with the increase in the degree of the lesions. 
The impedance at low frequencies is high in normal squamous tissues, 
in order of 20 ohms-meter, tissues that have low-grade lesions (HPV, 
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Abstract

The early detection of cervical intraepithelial lesions represents an important tool to 
fight against cervical cancer, which leads to decreasing the high rates of incidence 
and mortality that this pathology presents in developing countries. The use of new 
diagnostic techniques helps in achieving this objective. The purpose of this paper 
is to show that the Electrical Impedance Spectroscopy (EIS) is a technique that 
complements colposcopy to improve the sensitivity and specificity in the diagnosis 
and management of this pathology.
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CIN 1) present values   between 8 and 10 ohms-meter and tissues with 
high-grade lesions (CIN 2/3 and cancer in situ) can fall to 3 or 4 ohm-
meter.11–13 From the histological point of view, the changes in tissue 
impedance can be explained through the structural changes that occur 
in them when dysplastic lesions are present. These changes are mainly 
the increase of the extracellular space, the breaking of the intercellular 
bridges and the increase of the nucleus-cytoplasm ratio.19 All these 
changes cause the resistivity of the tissue to decrease.

Figure 1(a) Tissue impedance meter MK 3.5 (b) Tetrapolar probe.

Figure 2 Tissue resistivity curves for cervical squamous tissue.

Discussion
EIS can evaluate the shape, internal organization and structure of 

the cellular tissues, noninvasively. The advantages offered by the EIS 
are its low cost, its low invasiveness and easiness of application and 
interpretation;12 this means that this diagnostic technique can offer 
an alternative that helps the physician that performs colposcopies in 
“seeing and treating strategies” in a single visit to patients who consult 
for pathologies of intraepithelial lesions in the cervix. It is important 
to highlight that colposcopy is the key element for a good use of the 
EIS. The physician determines the points of the cervix where the 
measurement probe must be placed. He also determines whether these 
measures are being performed on squamous or columnar epithelium, 
as well as if there is a suspicion of pre-invasive lesions or invasive 
cancer.

Conclusion
The colposcopic examination with EIS is a procedure performed 

in real time, achieving an immediate diagnosis and permitting the 
implementation of seeing and treating patients in a single visit and 
which can be proposed as a useful tool to improve the diagnostic 
precision of cervical squamous lesions for large populations in 
developing countries.
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