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Summary

Backgrounds: Breast cancer presents a serious medical and social problem worldwide. Early de-
tection is key to effective breast cancer treatment. Therefore, scientists are consistently looking
for new diagnostic techniques that would be more efficient, easy to use and safe for the patient.
The main task of this study was to evaluate the feasibility of a novel low-cost non-invasive tech-
nique called electrical impedance tomography (EIT) and to determine whether EIT can quali-
tatively supplement the existing traditional imaging techniques in the process of breast can-
cer diagnostics. Patients and Methods: Randomly selected patients with mammographic and/
or sonographic abnormalities were involved into the study. In total, 808 patients aged 18-94
(mean 54) years participated in the survey. Exclusion criteria involved previous breast surgery,
breast core biopsy or fine needle aspiration within the last 1 and 3 months, respectively. Fur-
thermore, patients with implanted electrically powered devices (cardioverter, pacemaker) and
patients previously treated by chemo-radiotherapy were also excluded. The EIT examination
was performed using the electrical impedance computer mammograph MEIK developed by
the Institute of Radio Engineering and Electronics, Russian Academy of Sciences. Results: The
following results were obtained: sensitivity of EIT was 87%, X-ray mammography (MMG) 89%
and ultrasonography (USG) 91%; specificity of EIT was 85%, MMG 91% and USG 84%. Negative
predictive value (NPV) of all three modalities showed nearly equal values, with slight advantage
of the USG. MMG had the highest positive predictive (PPV) value (83%), EIT had the lowest
(63%). 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. Conclusion: Our study findings are comparable to those
of other similar studies. Although the EIT is a promising method and deserves close attention of
specialists, it cannot replace MMG and/or USG examination as it does not provide information
on structural changes to the breast. It can, however, provide very useful additional information
about metabolic processes in the body. But in order to show its full potential some improve-
ments should be held.
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UTILISATION OF ELECTRICAL IMPEDANCE TOMOGRAPHY IN BREAST CANCER DIAGNOSIS

Suhrn

Vychodiskd: Rakovina prsnika predstavuje celosvetovo zavazny zdravotny a socidlny problém. V¢asna diagnostika je klu¢om k tspechu liecby
tejto malignity. Hlavnou ulohou tejto studie bolo zhodnotit moznosti novej lacnej neinvazivnej techniky, tzv. elektroimpedancnej tomografie
(EIT), a urcit, ¢i implementdcia EIT moze kvalitativne doplnit existujuce klasické zobrazovacie metddy v procese diagnostiky karcinému prsnika.
Materidl a metody: Do $tudie boli zaradené ndhodne vybrané pacientky z tych, ktoré mali podozrivé mamografické a/alebo sonografické nélezy.
Celkovo sa studie zucastnilo 808 pacientok vo veku 18-94 rokov (priemer 54). Kritéria na vylicenie zo $tudie boli: predchadzajice operacie na
prsnikoch, core-cut biopsia alebo punkéna aspiracna biopsia pocas poslednych 1 a 3 mesiacov. Najviac boli vyli¢ené pacientky s implantovanym
kardiostimuldtorom a pacientky, ktoré pred tym podstupili rddioterapiu a/alebo chemoterapiu. EIT vySetrenie bolo vykonané pomocou elektro-
impedanéného mamografu MEIK, ktory bol vyvinuty v Ustave radiotechniky a elektroniky Ruskej akadémie vied. Vysledky: Senzitivita EIT bola
87 %, mamografie (MMG) 89 %, sonografie (USG) 91 %, Specificita EIT bola 85 %, MMG 91% a USG 84 %. Negativna prediktivna hodnota (NPV)
vsetkych troch metdéd preukazala takmer rovnaké hodnoty, s miernou vyhodou USG. Najvyssiu pozitivnu prediktivnu hodnota (PPV) ukazala
MMG (83 %), najnizsiu EIT (63 %). V kombindcii EIT + MMG a EIT + USG citlivost sa zvysila do 96 %, resp. 98 %. Specificita EIT + MMG dosiahla 79 %
aEIT+USG 71 %. NPV pre ETl + MMG a EIT + USG ukdzala rovnaké hodnoty. PPV pre kombinaciu EIT + MMG bola 65 % a pre kombinaciu EIT+USG
58 %. Zdvery: Vysledky nasej studie su velmi podobné vysledkom ziskanym v predchéadzajucich analogickych studiach. Je zrejmé, ze EIT je slubna
metdda a zaslUzi si pozornost odbornikov, ale je taktiez zrejmé, Ze nemdze nahradit MMG a/alebo USG, pretoze neposkytuje informdciu o Struk-
turalnych zmenach v prsniku. Méze vsak poskytnut uzitocné informacie o metabolickych procesoch v tele. Na to, aby vysetrenie EIT preukézalo
svoj plny potencidl, su potrebné urcité zlepsenia.

Klucové slova
karciném prsnika - elektroimpedancna tomografia - mamografia — sonografia — diagnostika

Introduction

Breast cancer remains a serious medical
and social problem in many developed
countries, but in recent years, its inci-
dence has begun to increase also in the
developing countries. On a global scale
it is the 2nd most common cancer at all
and is the 5th most common cancer-re-
lated death in both sexes [1,2].

Study of early diagnosis of malignant
tumors showed the necessity for screen-
ing programs, whose main task would
be to identify the disease before the
onset of symptoms about which the pa-
tient subsequently would need a medi-
cal care.

Currently, instrumental methods of
breast disease diagnostics can be divi-
ded into two groups. To the first group
belong X-ray mammography (MMG) and
ultrasonography (USG). These methods
are based on a study of the mammary
gland anatomy. They determine the pre-
sence or absence of the pathology in the
organ’s structure.

To the second group belong diagnos-
tic methods, based on physiology, on
the peculiarities of metabolism in breast
tissues in norm and pathology. These
methods include electrical impedance
tomography (EIT).

The EIT is an imaging technology
aiming at exploiting the difference in
the passive electrical properties (impe-

dance) of living tissues in order to ge-
nerate a tomographic image. EIT and its
employment in biology and medicine
has been intensively investigated for
nearly 20 years, but it became just re-
cently implemented as a useful tool in
the health care praxis including breast
cancer detection [3]. The principle of
EIT is based on the different electri-
cal storage potential of normal and pa-
thologically altered tissues allowing to
image differences in the tissue conduc-
tivity and permittivity inferred from the
body surface electrical measurements.
In praxis, small currents are applied to

a part of the subject’s body through
conducting electrodes attached to the
skin and the resulting electrical poten-
tials are measured and visualized. Since
breast cancer show increased electri-
cal conductivity and permittivity va-
lues that the surrounding normal tissue
[4-7], EIT became a sensitive perspe-
ctive imaging technology in the breast
cancer detection.

Materials and Methods

Patients

Randomly selected patients from those
with mammographic and/or sonogra-
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Fig 1. Electrical impedance mammograph MEIK.
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Fig. 2. Electrical impedance tomogram of the left mammary gland. A 51-year-old pati-
ent. Postmenopause - 1 year. Focal changes in the lower-lateral quadrant.

phic abnormalities were involved into
the study. In total, 808 patients aged
18-94 (mean 54) years signed informati-
onal agreement and participated in the
survey. Exclusion criteria involved pre-
vious breast surgery, breast core bio-
psy or fine needle aspiration within the
last 1 and 3 months, respectively. Fur-
thermore, patients with implanted elec-
trically powered devices (cardioverter,
pacemaker) and patients previously tre-
ated by chemo-radiotherapy were also
not involved.

EIT imaging

The EIT examination was performed by
means of the electrical impedance com-
puter mammograph MEIK (Fig. 1) deve-
loped by the Institute of Radio Enginee-
ring and Electronics, Russian academy of
sciences. Patients during the examina-
tion were 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 signals were re-
worked to electronic impedance ima-
ges. The breast has been scanned every
8 mm with the depth of 8 cm.

In the EIT images, the impedance (tis-
sue conductivity) is reflected by dif-
ferences in shades of gray scale with
smooth transition from dark (hyper-im-
pedance) to light (hypo-impedance)
areas. It is known that benign tumours
develop from the tissue elements of an
unaffected breast, hence there is no dif-
ference in electrical properties of tissue
of a healthy breast and benign tumours.
That's why benign tumours of small size
(less than 1 cm), as a rule, are not visu-
alized on the electrical impedance to-
mograms. Tumours over 1 cm, primarily
cystic lesions are shown as hyper-impe-

dance areas with electrical conductivity
below 0.95 conventional units. Its value
is similar to the electrical conductivity of
the normal glandular tissue of the breast.
Focal changes presented in the EIT
images in form of light hypo-impe-
dance spots with electrical conducti-
vity exceeding 0.95 conventional units
appear in the probable place of the ma-
lignant tumour location (Fig. 2).

Results

In our study 808 women were involved.
Subsequently, benign changes of mam-
mary glands were identified in 622 of
the patients and breast cancer — in 184.
Benign diseases were as follows: mas-
topathy in 410 (66%), fibroadenoma in
133 (21%), hyperplasia/metaplasia in 8
(1.2%), cystic lesions in 49 (8%), adenosis
in 12 (2%), lipoma in 10 (1.6%) patients.
From the malignant lesions were iden-
tified: 14 (8%) with ductal carcinoma in
situ, 145 (79%) with invasive ductal car-
cinoma, 16 (9%) with invasive lobular
carcinoma, 6 (3%) with mucinoid ade-
nocarcinoma, three (1.6%) with invasive
tubular carcinoma.

In total 808 EIT, 657 MMG and 571 USG
investigations were analyzed. In 116 ca-
ses (14%) EIT showed a false diagnosis.
At the MMG and USG false diagnosis
was established in 62 (9%) and 77 (13%)
cases, respectively. The fraction of false
diagnoses in benign diseases was as fol-
lows: for EIT - 92 (15%) for MMG - 43
(9%), USG - 63 (15%). Among the malig-
nant lesions the share of false diagnoses
was: for the EIT - 24 (13%) for MMG - 19
(12%), USG — 14 (9%). The distribution of
false diagnoses of individual pathology
is presented in tab. 1.

Additionally, we analysed the false-
-negative EIT results in correlation
with the clinical stage of the process.
20 false diagnoses of invasive ductal
carcinoma were distributed according
to the following stages: 11 (55%) cases
were in TO-T1 stage; 7 (35%) cases — in
T2 stage; two (10%) cases - in T3 stage.
False-negative diagnoses of invasive
lobular carcinoma (one case) and mu-
cinoid adenocarcinoma (one case) also
were in T1 stage. All cancers in T4 stage
(5 cases) were diagnosed correctly.
Thus, the dependence of the EIT sensi-
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Tab. 1. Results of MG, USG and EIT examination related to histopathology results.

Histopathologic diagnosis

Total number of patients
examined

Number of correct diagnoses

Number of incorrect diagnoses

EIT results
808

692

532 - benign pathology
160 — malignant pathology
116

92 - benign pathology

hyperplasia/metaplasia —

3 from 8 (62%)
fibroadenoma - 20 from 133
(85%)

mastopathy - 59 from 410
(86%)

cysts — 5 from 49 (89%)
adenosis — 2 from 12 (83%)
lipoma - 3 from 10 (70%)

24 - malignant pathology

ductal carcinoma in situ —

2 from 14 (86%)

invasive ductal carcinoma -
20 from 145 (86%)

invasive lobular carcinoma -
1 from 16 (93%)

mucinoid adenocarcinoma -
1 from 6 (83%)

invasive tubular carcinoma -
0 from 3*

* not counted because of insufficient number of data

MMG results
657

595

434 - benign pathology
161 — malignant pathology
62

43 - benign pathology

hyperplasia/metaplasia —

2 from 7 (71%)
fibroadenoma - 14 from 162
(91%)

mastopathy - 19 from 256
(92%)

cysts — 5 from 36 (86%)
adenosis — 2 from 7 (71%)
lipoma - 1 from 9 (89%)

19 — malignant pathology

ductal carcinoma in situ —

3 from 14 (79%)

invasive ductal carcinoma -
12 from 122 (90%)

invasive lobular carcinoma -
3 from 17 (82%)

mucinoid adenocarcinoma -
1 from 6 (83%)

invasive tubular carcinoma -
0 from 3*

USG results
571

494

344 - benign pathology
150 — malignant pathology
77

63 - benign pathology

hyperplasia/metaplasia —

2 from 5 (60%)
fibroadenoma - 34 from 107
(68%)

mastopathy - 19 from 245
(92%)

cysts — 2 from 30 (93%)
adenosis — 5 from 11(55%)
lipoma - 1 from 9 (89%)

14 - malignant pathology

ductal carcinoma in situ -

1 from 8 (87%)

invasive ductal carcinoma -
11 from 118 (91%)

invasive lobular carcinoma -
1 from 11 (91%)

mucinoid adenocarcinoma -
1 from 4 (75%)

invasive tubular carcinoma -
0 from 3*

tivity from the stage of the disease was
clearly defined.

The results of our study showed that
the sensitivity of the EIT (87%) was lower
than of MMG (89%) and USG (91%), but
this difference is insignificant. The speci-
ficity of the EIT and USG showed almost

equal values (85% and 84%, respectively)
and specificity of MMG reached 91%.
Negative predictive value (NPV) of all
three modalities showed nearly equal
values, with slight advantage of the USG.
The highest positive predictive value
(PPV) had MMG (83%), the lowest — EIT

Tab. 2. Statistical data for EIT, MG, USG alone and in combination EIT + MG and

EIT + USG.
EIT MMG
Sensitivity 87% 89%
Specificity 85% 91%
PPV 63% 83%
NPV 96% 94%

UsG EIT+ MMG  EIT + USG
91% 96% 98%
84% 79% 71%
70% 65% 58%
97% 99% 99%

(63%). In combinations EIT + MMG and
EIT + USG sensitivity increased to 96%
and 98%, respectively. The specificity of
EIT + MMG amounted to 79% and of EIT
+ USG - to 71%. NPV of EIT + MMG and
EIT + USG showed equal values. PPV in
combination EIT + MMG was 65%, and
in combination EIT + USG - 58% (Tab. 2).

Discussion

MMG screening is currently consi-
dered the best method available for
mass screening in the early dete-
ction of breast cancer [8]. Systematic
MMG screening in women aged 50-69
years can reduce mortality rates up
to 30% [9]. Sensitivity and specificity
of MMG is in direct dependence on

Klin Onkol 2012; 25(1): 36-41

39




UTILISATION OF ELECTRICAL IMPEDANCE TOMOGRAPHY IN BREAST CANCER DIAGNOSIS

breast density, which limits its use at
a young age [10,11]. MMG is accompa-
nied by some inconveniences. It requi-
res a special spacious room, has a high
cost of maintenance and requires
breast compression, which causes dis-
comfort to the patient. Furthermore,
examination of the patient is accom-
panied by radiation, which causes a lot
of concerns about scientists [12,13]. In
addition, MMG examination performed
repeatedly by regular check-ups is lea-
ding to onset of psychosocial distress,
anxio-depressive syndrome and emo-
tional, cognitive and functional dis-
orders mainly due to fear from cancer
detection and progression [14,15].

USG examination is typically used as
an auxiliary method after performed
MMG or clinical breast examination. Itis
suitable to examine the young and the
pregnant women and to guide biopsies
[16]. But a big disadvantage of this me-
thod is that it is totally machine- and
operator-dependent method [17].

MMG and USG report about the
structural changes - about the size
of the tumor, its localization, the pre-
sence of microcalcifications, and so
on. EIT gives to the doctor additional
information about the physiological
processes taking place in the breast,
the presence of metabolic changes in
the tissue, disrupting of the electrical
properties of the cells. This informa-
tion can be very valuable, especially
between rounds of screening, that last
from 12 to 24 months, i.e. rather long
period of time.

It is known that the percentage of
breast cancer detected between rounds
of screening (so-called interval can-
cers), is an important indicator of its ef-
fectiveness. In England, MMG has been
held for nearly 30 years, and involves
more than 75% of invited women. The
Advisory Committee on Breast Cancer
Screening conduct the study in which
1,000 women participated. For 10 years
these women took part in screening,
which revealed 36 cancers: 20 - du-
ring screening examinations and 16 —
between rounds of screening. Thus, the
proportion of interval cancers in En-
gland was 33% of all diagnosed cancers
[18]. Comparable data were also obtai-

ned in other countries [19-21]. Particu-
larly high rate of interval cancer was in
the age group 40-49 years, reaching ac-
cording to the Swedish trials 65.7% [22].
Our study showed that the combined
use of MMG and EIT considerably redu-
ces false-negative results and leads the
sensitivity to 96%, and in the combina-
tion EIT + USG the sensitivity increases
to 98%.

Takingintoaccount these data, as well
as the fact that this technology is non-
-invasive and free of radiation, we consi-
der it appropriate to use EIT for preven-
tive check-ups of the female population
between rounds of screening in order
to isolate patients at risk; in examina-
tion of pregnant and lactating women
and women with high risk of carcinoge-
nesis (BRCA1, BRCA2 genes) and as an
additional method in the algorithm of
complex breast cancer diagnostics, in-
cluding and in young women. Howe-
ver, it should keep in mind that the
young woman'’s breast has a rich vascu-
larization and therefore a higher elec-
trical conductivity of the tissue, which
may affect the outcome of the study.
Tofts et al [23] proved, that highly va-
scularized tumors are characterised
by a significantly increased permeabi-
lity. Therefore a higher vascularization
might lead to an increased conduc-
tance because of the higher permeabi-
lity of the cell membranes and thereby
increase the number of false-positive
results. In turn, Stojadinovic et al [24]
presented preliminary results on the
use of EIT for the early detection of
breast cancer in young women. They
stated that EIT appears promising for
early detection of breast cancer, and
identification of young women at in-
creased risk for having the disease at
the time of screening.

The results of our study have shown
that EIT deserves the close attention
and is a promising method, but in order
to show its full potential some improve-
ments should be held. A major shortco-
ming of this technique is poor differenti-
ation among various benign tumors, and
in some cases, the separation of malig-
nant tumours from benign lesions. More
data are required to better categorize the
information contained in EIT images.

Conclusion

The findings of our study are very
similar to data from previous analo-
gous studies. Obviously, the EIT has se-
veral advantages and deserves the close
attention of specialists, but it cannot
replace MMG or USG, because it does
not give the information about the
structural changes of the breast, which
is extremely necessary to the doctor.
However, it can provide additional very
useful information about the metabo-
lic processes in the body. This informa-
tion can often be decisive in elaboration
of the treatment strategies and in the
management of the patient. Although
this technology will probably never
become the gold standard that MMG
is today, further clinical study may lead
to EIT being replaced from category “an
controversial experimental modality”
to category “an acceptable and widely
used adjunct modality”.
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