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Our study involved 870 eligible women with suspected pathological breast lesion discovered by mammography (MMG) 
or ultrasound examination (USG) which were recommended to pass histological examination to verify the diagnosis. All 
patients included in our study were divided into two age groups: the 1st group – patients older than 40 years (total of 724 
patients) , the 2nd group – patients younger than 40 years (total of 146 patients). The purpose of our study was to analyze the
possibilities of electrical impedance tomography (EIT) implementation to the differential diagnosis of pathologic lesions of
the breast either solely, or in a combination with MMG/USG. 

The following results were obtained: in the 1st group the average specificity of MMG was 79.5%; when added EIT the average
specificity decreased to 72.8%. The sensitivity of MMG, by contrast, increased from 87.8% when using it as an independent
method to 94.5% when added EIT. 

In the 2nd group the average specificity of USG was 90.2%; when added EIT the average specificity decreased to 86.4%.
Similarly, as in the 1st group the sensitivity of USG increased from 86.7% when using it as an independent method to 93.3% 
when added EIT.

Analysis of false-negative results of electrical impedance tomography depending on the stage of the process has shown 
that as the earlier stage of the disease and as the smaller is the dimensions of the tumor, the higher is the number of false-
negative results. In addition, we observed the dependence of the false-negative results of the tumor grade. The results of
our study show that the use of EIT in addition to MMG/USG can improve the sensitivity of these methods and to increase 
the rate of early detection of breast cancer with minimal economic costs and highly qualified staff time expenditures.
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Currently the early diagnosis of breast cancer represents 
one of the most pressing problems. Breast cancer occupies 
the first place in the range of the causes of death in the female
population in a great number of countries [1, 2]. 

Specialists mention that the early stage of the tumor accord-
ing to clinical indications is considered as the “late” one from 
the biological point of view, because it can take quite a long 
time from the start of the process of carcinogenesis in the body 
to its clinical manifestations. It is statistically proven that the 
identification of tumor with relatively small dimensions (less
than 1 cm) in preclinical stage gives hope for a full recovery of 
the majority of patients [3, 4]. That’s why the primary task of
the health care system is to promote the improvement of the 
quality of screening and the development of early diagnosis.

At the present time mammography is considered the main 
method of screening for breast cancer. Regular mammogra-
phy screening can reduce mortality, especially in women of 
the age of 50 to 70 years, up to 30% [5]. The big advantage of
mammography is the ability to detect microcalcifications that
accompany breast cancer in about 30% of cases [6]. However, 
mammography has the age limit of use, and this investigation 
is generally recommended for breast examination in women 
over 40 years of age, mainly due to concerns about radiation 
exposure of mammary gland during mammography [7, 8], 
and recognition difficulties caused by increased density of the
breast tissue [9, 10]. 

At the same time clinicians still do not have a clear 
concept about the methods that should be included in the 
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screening of breast disorders in younger women [11]. Cur-
rently, the only officially recommended screening tests for
women under 40 are breast self-examination and clinical 
breast examination at intervals of 1-2 years followed by 
ultrasound examination.

It is generally accepted that screening for early detection of 
breast cancer, which is performed with the standard technique 
of 12-24 months between tours, cannot always guarantee the 
detection of tumor at the early stage. This is especially true in
case of young women, who are most often suffering from the
rapid growth and aggressivity of breast cancer [12-14]. That
is why we consider to be reasonable to complete the routine 
screening (at intervals of 12-24 months) with other non-in-
vasive methods of breast examination.

The important task of diagnosis of the initial manifesta-
tions of pathological proliferation are imaging technology 
which make it possible to identify and differentiate changes
present in breast tissue without adverse effect on a woman’s
body. Electrical impedance tomography represents one of 
such methods.

From as early as 1926, researchers have been studying the 
electrical properties of breast tumors [15]. While there have 
been varying results, the consensus is that electrical properties 
of breast tumors do differ from normal healthy tissue. It was
found that breast cancer cells conduct electricity better than 
normal breast cells and tend to have lower electrical imped-
ance [16-19]. 

Currently, due the latest scientific development is has
become possible to create images of organs and tissue with 
the help of electrical impedance tomography. In contrast 
to other methods of visualization (X-ray, ultrasound ex-
amination, nuclear magnetic resonance, etc) EIT enables 
to examine first of all physiological state of organs and
tissues, which is defined by biological process in the organ-
ism and is manifested by changes of electrical conductivity 
of organs and tissues. EIT allows to obtain images as well 
information about the state of organs, inclusive mammary 
glands in digital format (electrical conductivity, imped-
ance, and histogram). The key advantages of the electrical
impedance methods of diagnostics are: absolute safety of 
examination, high degree of self-descriptiveness, connected 
with considerable correlation of electro conductivity (elec-
trical impedance) of biological tissues with their physical 
state, compactness and reasonable cost of the equipment, 
simplicity of the examination procedure [20]. The primary
goal of this study was to evaluate the clinical efficiency of
EIT and to analyze its possibilities to the differential diag-
nosis of pathologic lesions of the breast either solely, or in 
a combination with MMG/USG. 

Patients and methods

Patients. Our study involved 870 eligible women with sus-
pected pathological breast lesion discovered by mammography 
or ultrasound examination in St. Elisabeth Cancer Institute 

which were recommended to pass histological examination to 
verify the diagnosis. To conduct the study the approval from 
Institute review board was obtained. The study included the
patients who accepted the additional examination of EIТ after
receiving materials about this new technique and signed the 
informed consent. All patients included in our study were 
divided into two age groups:
 The 1st group – patients older than 40 years (total of 724 

patients) 
 The 2nd group – patients younger than 40 years (total of 146 

patients)
In the 1st group we analyzed possibilities of EIT implemen-

tation to the differential diagnosis of pathologic lesions of the
mammary gland (benign and malignant) either solely, or in 
a combination with mammography. In the 2nd group we con-
ducted the same analysis but with the ultrasound examination 
instead of mammography. 

We excluded from this study patients who underwent sur-
gery or biopsy of the mammary gland less than 3 months prior 
to the survey, or fine needle aspiration biopsy in less than one
month prior to the survey, since the presence of a hematoma 
may mimic a false-positive result on the EIT. Also we excluded 
patients undergoing hormonal treatment or chemotherapy or 
radiotherapy. In addition, patients with implanted pacemakers 
were not involved into the study.

EIT imaging. The EIT examination was performed by
means of the electrical impedance computer mammograph 
MEIK developed by the Institute of of Radio Engineering 
and Electronics, Russian academy of sciences. The examina-
tions were performed in the supine position. Before current 
application, the examined breast was moistened by water. 
By means of one out of 256 electrodes of the matrix, weak 
alternative current (0.5 mA) with a frequency of 50 kHz was 
applied to the inspected breast and subsequently the surface 
distribution of electric potentials were recorded and the sig-
nals were re-worked to electronic impedance images. After
the completion of the reconstruction process appears seven 
images of the breast, corresponding to the seven scan planes. 
The first scanning plane corresponds to a depth of 0.4 cm
from the surface of the skin, then every 0.8 cm in depth fol-
low the rest 6 planes. In assessing of the electrical impedance 
for optimal visualization it is recommended to use average 
values from the 2nd scan level (depth 1.2 cm), since given the 
anatomy of the breast, it is possible to find at this depth all its
tissues and structures.

The electrical impedance image of a healthy mammary
gland is characterized by mosaicism of the grey scale with 
smooth transition from darker colours to lighter ones, from 
low electrical conductivity to high, from hyperimpedance 
to hypoimpedance areas without focal inclusions (Figure 1). 
Normal mammary gland lobules are represented by isoim-
pedance areas of irregular shape with electrical conductivity 
0.5±0.2 conventional units located between connective tis-
sue septa (Cooper’s ligaments). Adipose tissue looks like 
hyperimpedance areas with conductivity below 0.3 (dark 
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Figure 1. Electrical impedance tomogram of the normal mammary gland, 
the 2nd scan level (depth 1.2 cm)
Glandular lobules are presented as isoimpedance areas, lacteal sinus – as 
hypoimpedance area, adipose tissue – as hyperimpedance area.

Figure 2. Electrical impedance tomogram of a 28-year-old patient with 
fibroadenoma of the left mammary gland
The mammary gland structure correspond to the age norm. The hypoim-
pedance area (1 o’clock) is visualised on three scanning planes beginning 
from the first. The average electrical conductivity of this area was 0.62
conventional units. Cytologic examination – fibroadenoma.

gray), lacteal sinus is visualised as hypoimpedance area 
with the electrical conductivity above 0.7 conventional units 
(light gray). It is known that benign tumors develop from 
the tissue elements of an unaffected breast, hence there is
no difference in electrical properties of tissue of a healthy
breast and benign tumors. That’s why benign tumors of
small size (less than 1 cm), as a rule, are not visualized on 
the electrical impedance tomograms. Benign lesions over 
1 cm, primarily cysts are shown as hyperimpedance areas 
with electrical conductivity below 0.95 conventional units. 
Fibroadenoma, usually appears as a roundish formation 
with some blurred contours with electrical conductivity 0.5 
– 0.65 conventional units starting from the second scan level 
(Figure 2). However, it should be noted that on EIT images 
the differential diagnosis of various benign tumors among
themselves present a problem because the existing criteria 
for characteristics of the particular benign pathology in our 
opinion are unclear and insufficient. Therefore, we consider
that the work of EIT is primarily aimed at characterization 
of the process with regard to its benignancy or malignancy. 
The focal changes in form of light hypoimpedance spots with
electrical conductivity exceeding 0.95 conventional units, 
spanning multiple scanning planes indicate the probable 
location of the area of a malignant process. When using 
the optional contrasting, the areas of high conductivity are 
painted red. In most cases, in malignant tumors the tomo-
grams revealed the deformation of contours, a violation of 
architectonics, displacement of internal structures of mam-
mary gland (Figure 3).

Statistical analysis. Interpretation of the 3 diagnostic pro-
cedures (electrical impedance tomography, mammography 
and ultrasound examination) was compared with the histo-
logical examination with regard to sensitivity and specificity.
The histological examination was considered the gold standard
in our analysis.

Sensitivity and specificity were evaluated as follows:
 % sensitivity = [true positives/(true positives + false nega-

tives)] x 100; 
 % specificity = [true negatives/(true negatives + false posi-

tives)] x 100.
A result was classified as false-negative when a diagnostic

method classified a histologically confirmed cancer as benign.
A result was classified as false-positive when a diagnostic
method classified a histologically confirmed benign lesion
as cancer. 

We compared the performance of all diagnostic methods 
individually and in combination using the results from all 
patients. We used the software Statgraphics Centurion for
analysis average value, standard deviation and coefficient of
variation of specificity (Table 1, Table 2) and the simple regres-
sion method for coefficient of correlation (Table 3).

Results

A total of 870 breast lesions were examine histologically, 
revealing the presence of 464 fibrocystic mastitis, 36 cysts, 123
fibroadenomas, 19 hyperplasias, 13 lipomas and 215 carcino-
mas. In the 1st group (total of 724 patients) the distribution of 
particular pathologic lesions were as follows: 397 of fibrocystic
mastitis (49.7%), 27 cysts (3.4%), 74 fibroadenomas (9.3%), 15
hyperplasias (1.9%), 11 lipomas (1.4%) and 200 carcinomas 
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(25%). In the 2nd group (total of 146 patients) the histological 
diagnosis were as follows: 67 of fibrocystic mastitis (34.3%), 9
cysts (4.6%), 49 fibroadenomas (25.1%), 4 hyperplasias (2%),
2 lipomas (1%) , 15 carcinomas (7.7%). 

In Table 1. is presented the statistical analysis of the results 
of MMG and EIT in the 1st group of patients.

The results showed that the average specificity of MMG
was 79.5%, of EIT – 76.6%; in combination of MMG and 

Figure 3. Electrical impedance tomogram of a 53-year-old patient with breast cancer of the left mammary gland
The mammary gland structure doesn’t correspond to the age norm. An extensive hypoimpedance area (3 - 4 o’clock) of an irregular shape and electrical
conductivity > 0.95 conventional units can be observed on six scanning planes on the left tomogram. On the tomogram on the right the same area is
highlighted red after using the function of optional contrasting.

Table 1. Sensitivity and specificity of MMG, EIT and their combination in particular pathologies of the mammary gland in the 1st group of patients.

Histological  
diagnosis

MMG EIT MMG+EIT

Specificity 
%

Statistics*
Specificity

%

Statistics*
Specificity 

%

Statistics*

Average 
%

Standard 
deviation

Coeff. of
variation 

Average 
%

Standard 
deviation

Coeff. of
variation

Average 
%

Standard 
deviation

Coeff. of
variation

Fibrocystic mastitis 94.7

79.5 10.5 13.2

85.4

76.6 8.8 11.4

84.4

72.8 7.4 10.1

Cysts 80.0 81.5 74.1
Fibroadenoma 65.1 67.6 66.2
– with proliferation 40.0 38.5 38.5
– non-proliferative 68.4 73.8 72.1
Hyperplazia 77.8 66.7 66.7
Lipoma 80.0 81.8 72.7

 
Sensitivity 

%   Sensitivity  
%   Sensitivity 

%   

Carcinoma 87.8    86.0    94.5    
* The data from subcategory fibroadenoma with proliferation and fibroadenoma without proliferation were not included in the calculation of the average value,
standard deviation and coeff. of variation because these are not the self-diagnosis but form the part of the diagnosis ''fibroadenoma''; MMG – mammography,
EIT – electrical impedance tomography, coeff. of variation – coefficient of variation.
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EIT – 72.8%. The maximum spread of specificity data was
observed in MMG ( coeff. of variation – 13.2% ), the mini-
mum – in combination of MMG and EIT ( coeff. of variation
– 10.1% ).

Analyzing the particular pathologies we noted that the 
specificity of MMG compared with EIT was higher in the fol-
lowing pathological lesions: fibrocystic mastopathy (94.7% vs.
85.4%) and hyperplasia (77.8 % vs. 66.7 %).

The specificity of EIT in fibroadenoma was higher than
of MMG (67.6% vs. 65.1%). It is to emphasize that we di-
vided the diagnosis of “fibroadenoma” into 2 subcategories:
fibroadenoma with proliferation and non-proliferative
fibroadenoma. In the subcategory non-proliferative fi-
broadenoma the specificity of EIT was higher than that of
mammography (73.8% vs. 68.4%). However, EIT in case of 
fibroadenoma with proliferation revealed a large number of
false-positive results, which significantly reduced the overall
specificity of the method in the diagnosis of fibroadenoma.
Such a number of false-positive results, in our opinion, is 
due to the fact that the work of the EIT is associated mainly 
with the assessment of the metabolic processes taking place 
in the body and in a less degree the results are influenced by
the anatomy of the organ. Therefore the pathology associated
with increased cell proliferation can be interpreted on EIT 
as a malignancy and the patient must be listed in the risk 
group. The high specificity of EIT in case of breast cysts in
our opinion is conditioned upon the fact that the cyst is filled
with fluid, and the fluid is well known for a high electrical
conductivity, that’s why it is well displayed on the EIT im-
ages. When using EIT in combination with mammography 
the specificity for all pathological lesions slightly decreased
or remained at the same level. 

The difference in rates of the sensitivity of both, MMG and
EIT in breast cancer was small: 87.8% for MMG and 86% for 

the EIT. However, the sensitivity of the combination of these 
methods increased to 94.5%.

In Table 2. are presented the statistical analysis of the results 
of USG and EIT in the 2nd group of patients.

The results showed that in young women the average specifi-
city of USG was 90.2%, of EIT – 89.2 %; in combination of USG 
and EIT – 86.4 %. The maximum spread of specificity data was
observed in USG ( coeff. of variation – 14.1 % ), the minimum
– in EIT ( coeff. of variation – 10.1 % ). The specificity of USG
compared to EIT was higher in fibrocystic mastopathy (98.5%
vs. 92.5%) and cysts (100% vs. 88.9%).

EIT showed higher specificity for fibroadenomas (89.8%
vs. 77.6%). However, similarly as in the first group of patients,
a large number of false-positive results on EIT were found in 
subcategory fibroadenoma with proliferation, therefore the
specificity of the USG in this subcategory was higher (77.8%
vs. 66.7%). The specificity of both methods was similar in case
of hyperplasia (75%) and lipoma (100%). But considering the 
small number of patients involved into this group (total of 4 
patients with hyperplasia and 2 patients with lipoma), conclu-
sions on these pathologies may be unreliable. The specificity of
the combined use of the EIT with USG was either unchanged 
or decreased. 

As for breast cancer, as compared to EIT, the sensitivity of 
USG was significantly higher (86.7% vs. 66.7%), however, the
combination of these two methods increased the sensitivity 
right up to 93.3%. 

In addition, we also analyzed all false-negative results on 
the EIT (Table 3). 

Analysis of false-negative results depending on the stage of 
the process has shown that as the earlier stage of the disease 
and as the smaller the dimensions of the tumor, the higher 
is the number of false-negative results. Since the P-value is 
less than 0.05, there is a statistically significant relationship

Table 2. Sensitivity and specificity of USG, EIT and their combination in particular pathologies of the mammary gland in  the 2nd group of patients.

Histological  
diagnosis

USG EIT USG+EIT

Specificity  
%

Statistics*
Specificity  

%

Statistics*
Specificity  

%

Statistics*

Average 
%

Standard 
deviation

Coeff. of
variation 

Average 
%

Standard 
deviation

Coeff. of
variation

Average 
%

Standard 
deviation

Coeff. of
variation

Fibrocystic mastitis 98.5 90.2 12.8 14.1 92.5 89.2 9.0 10.1 92.5 86.4 10.9 12.6
Cysts 100.0 88.9 88.9
Fibroadenoma 77.6 89.8 75.5
 -with proliferation 77.8 66.7 77.8
 -non-proliferative 77.5 95.0 75.0
Hyperplazia 75.0 75.0 75.0
Lipoma 100.0 100.0 100.0

Sensitivity 
 %

Sensitivity 
%

Sensitivity  
%

Carcinoma 86.7 66.7 93.3
* The data from subcategory fibroadenoma with proliferation and fibroadenoma without proliferation were not included in the calculation of the average
value, standard deviation and coeff. of variation because these are not the self-diagnosis but form the part of the diagnosis ‘’fibroadenoma’’; USG – ultrasound
examination.
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between percentage of FN results and stage of the cancer at 
the 95.0% confidence level. The correlation coefficient equals
-0.95, indicating a relatively strong relationship between these 
variables.

In addition, we analyzed the dependence of the false-nega-
tive results in relation to the tumor grade. The calculations have
shown that the P-value is less than 0.05 and the correlation 
coefficient equals -0.99, ie similarly defined strong relationship
between those 2 parameters. This again confirms the fact that
the EIT is more sensitive in the processes that are accompanied 
by increased proliferation.

Furthermore, in one particular patient of 67 years old 
involved in our study, the screening mammography revealed 
benign changes in the breast, but on the EIT the signs of malig-
nancy were noted. Histological examination brought negative 
outcome, so the result of the EIT has been considered as a false-
positive. However, after 1 year, the patient was diagnosed with
cancer of the breast in a stage T1N1M0.

Discussion

The main goal of breast cancer screening is to detect disease
at an early stage and to reduce mortality of the population. 
Randomized clinical trials have demonstrated that mammog-
raphy used as a screening tool in women older than 49 years 
can reduce mortality from breast cancer by 30 per cent [5].

For young women under 40 years of age clear recommenda-
tions for screening program is still missing. Statistically, it is 
estimated that one of 249 women aged 30-40 years will have 
the diagnosis of breast cancer [20]. Breast cancer is the lead-
ing cause of death from cancer in young women (15-40 years) 
[21] having more aggressive evolution and progression in 
young age. 

Currently, screening in women younger than 40 years is 
represented mostly by self-examination and clinical palpation 
followed by ultrasound examination. The scientists still debate
about the need to include ultrasound examination of breast 
in the screening program in young women, and the US Food 
and Drug Administration (FDA) still did not recommend this 
method for mass screening for breast cancer. 

Тhe American Cancer Society is recommending a screening 
breast MRI for young women with a 20 to 25% life-time 
risk of breast cancer including women with family history 
of breast cancer and those who have received chest radiation 
for Hodgkin’s lymphoma [22]. However the massive use of 
MRI cannot be implemented because of the high cost and 
less accessibility.

Mammography, ultrasound examination, MRI give us 
a conception about the structural changes in the breast – about 
the size and shape of mass lesion, its exact location, about 
the presence of microcalcifications, etc. Electrical impedance
tomography gives the physician additional information about 
the physiological processes taking place in the breast, about 
the presence of metabolic abnormalities including disorders 
of the electrical conductivity of cells and tissues. This infor-

mation can be very valuable, especially in the period between 
screenings, which can last from 12 to 24 months, ie fairly long 
period of time.

It is known that the proportion of breast cancer cases, which 
are diagnosed in the period between screenings (the so-called 
interval cancers), represents a measure of screening efficiency.
Studies in different countries have shown that the risk of un-
detected cancer occurrence related to intervals between breast 
examination is relatively high [23-26].

Currently, there is a high demand for non-irradiating, easy-
to-use methods of investigation, which could be used between 
the rounds of screening, including in young women, in order 
to detect breast cancer at an earlier stage. Electrical impedance 
tomography represents one of such methods.

The possibilities of EIT were analyzed by many scientists.
A very early study by Piperno and colleagues [27] was performed 
with the device ‘’Mammoscan’’. From 6000 examined patients 
745 underwent biopsy. Besides EIT examination all patients 
underwent thermography, ultrasound examination, mammog-
raphy and diaphanoscopy. In 9 cases, EIT identified malignancy
where other tests provided negative results. Furthermore, in 5 
cases, EIT clarified ambiguous findings and identified cancer.

Melloul et al. [28] analyzed the possibilities of 99mTc-
sestamibi scintimammography (SMM) and of the electrical 
impedance mammograph TransScan TS2000 as adjunct mo-
dalities. In this study the TransScan TS2000 showed the 
ability to detect small lesions. The smallest lesion detected by
the TransScan TS2000 was 3 mm in diameter. The sensitiv-
ity of the TransScan TS2000 was found to be 72.2% and the 
specificity was 67%.

Malich et al. [29] also presented a study where the capability 
of the TransScan TS2000 to detect breast cancer was evalu-
ated. The author concluded that EIT can be a valuable adjunct
to MMG and USG in the assessment of breast lesions. In the 
year 2001, a more comprehensive study of Malich et al. [30] 
was performed. The survey included 240 histologically proven

Table 3. The analysis of  false-negative results of the EIT depending on the
stage of the process and tumor grade.

Cancer  
caracteristics Total Number of FN*  

results of EIT

Statistics

Correlation 
Coefficient

P-Value

Stage
Tis 22 5 (22.7%) -0.95 0.0115
T0-1 114 18 (15.8%)
T2 64 9 (14.1%)
T3 9 1 (11.1%)
T4 6 0
Grading
G1 96 17 (17.7%) -0.99 0.0153
G2 78 12 (15.4%)
G3 31 4 (12.9%)

*FN – false negative
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breast lesions. The results showed that the addition of EIT to
MMG and USG increased the sensitivity from 86.4% to 95.1%, 
but the accuracy decreased from 82.3% to 75.7%.

In the study of Stojadinovic et al. 1103 women younger 
than 40 years were eligible for EIT examination with T-Scan 
2000ED. The EIT sensitivity and specificity for this group of
patients was 50% and 90%, respectively. The author concluded
that this method looks promising for early detection of breast 
cancer and to identify young women at increased risk of breast 
cancer [31].

In our study we demonstrated that the difference in parame-
ters of sensitivity of mammography and EIT in breast cancer was 
small: 87.8% for mammography and 86% for the EIT. Moreover, 
the combination of these methods increased the sensitivity to 
94.5%. Similar situation was observed in young women: the 
sensitivity of ultrasound examination was higher than that of the 
EIT (86.7% vs. 66.7%), however, the combination of these two 
methods increased the sensitivity right up to 93.3%. This sug-
gests that the use of EIT in addition to MMG/USG in screening 
for breast cancer is a reasonable and have a great impact onto 
early detection and follow-up of breast cancer. 

It is also known that frequent repeated check-ups may lead 
to the development of psychosocial morbidity accompanied 
with emotional, cognitive and functional disorders resulted 
from long-term uncertainty and repeatedly evoked fear from 
cancer detection and progression having negative impact onto 
patient’s quality of life [27, 28]. Since EIT is less aggressive than 
mammography (breast compression, pressure, pain) [29, 30], 
its implementation in the long run is beneficial in evoking less
negative emotions in examined patients. 

The goal of our study was not only to assess the ability of
EIT to detect breast cancer, but also to confirm EIT efficiency
in the selection of patients who are at high risk of breast can-
cer and require comprehensive investigation in specialized 
institutions. This group includes patients with diseases that
are accompanied by active proliferation (e.g., fibroadenoma
with proliferation or proliferative mastopathy).

For diagnosis of benign pathological disorders the EIT was 
less effective than the mammography or ultrasound examina-
tion. A large number of false-positive results can be attributed 
to inflammatory, metabolic, and cellular, rather than structural
changes. It is to emphasize that preclinical changes in cell me-
tabolism, which may be indicators of incipient carcinogenesis, 
always precede anatomical changes observed with mammog-
raphy or remain to be an ultrasound examination. This fact
was confirmed in our study, when in one patient with negative
mammography and positive EIT, breast cancer was confirmed
one year after the initial examination.

Analyzing the false-negative results obtained on EIT we ob-
served the dependence of the sensitivity of the method on the 
stage of the process. We consider this is due to the particularity 
of the EIT unit: it makes tomographic slices at a distance of 8 
mm from each other and the tumor with size of 5-8 mm can be 
missed. In contrary, EIT showed a higher sensitivity in tumor 
grade G3, which also confirms the fact that the method re-

sponds well to more advanced proliferative processes. Despite 
the evident effectiveness of EIT examination, EIT remains to
be an auxiliary method and not a substitute for mammography 
or ultrasound examination. EIT in combination with these 
methods of investigation can demonstrate good performance 
and therefore deserves more attention.

Conclusions

Taking in consideration the above, we recommend the use 
of electrical impedance tomography in women of all ages (but 
especially in younger women) between the rounds of screening 
to reduce the risk of interval cancers, and to identify patients 
who are at high risk and require comprehensive investigation 
in specialized institutions. The use of EIT is also advisable
in cases where ultrasound examination and mammography 
cannot give a definite answer about the nature of mass lesion,
as well as in cases of monitoring of treatment progress in 
hormone therapy, chemotherapy or radiotherapy.

We consider that the widespread use of EIT diagnostic 
method will help to increase the rate of early detection of breast 
cancer with minimal economic resources and highly qualified
staff time expenditures.

Our study does not dispute the fact that the EIT is an 
auxiliary method and not a substitute for mammography or ul-
trasound examination, because it does not provide information 
about the structural changes in the organ. But EIT in combina-
tion with these methods of investigation can demonstrate good 
performance and therefore deserves more attention.
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