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Abstract

The aim of this study was to quantify the clinical value of using electrical impedance scanning (EIS) as an adjunct to other

diagnostic techniques in order to identify cancerous tissue based upon its inherent altered local dielectric properties. 210 consecutive
women with 240 sonographically and/or mammographically suspicious findings were examined using EIS. All lesions were histo-
logically-proven. 86/103 malignant and 91/137 benign lesions were correctly identified using EIS (87.8% sensitivity, 66.4% specifi-

city). NPV and PPV of 84.3% and 65.2% were observed, respectively. Excluding cases as defined by a priori criteria, i.e. lesions
located deeper than 35 mm, lesions larger than 35 mm, and retroareolar lesions, a sensitivity of 85.5% was observed, and for
invasive cancers, 91.7%. The detection rate for ductal carcinoma in situ (DCIS) was poor (57.1%, n=14). By adding EIS to

mammography and ultrasound, the sensitivity rose from 86.4 to 95.1%, whereas the accuracy decreased from 82.3 to 75.7%. EIS
appears to be of interest as an adjunct to breast diagnostic techniques, performing with a reasonable sensitivity. Further investiga-
tions on histomorphological characteristics and the reasons for false-negative findings are essential to gain further knowledge about
the bioelectricity of breast lesions, and prove the value of this new technology. # 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Breast carcinoma is the most common malignant
tumour in women in the Western world. Statistically,
almost every eighth woman is affected by carcinoma of
the breast during her lifetime, and the incidence is cur-
rently rising [1,2]. Early detection and treatment of
breast tumours are critical for a favourable prognosis.
However, classical techniques offers as yet insufficient
specificity. As depicted by Elmore and coworkers, the
estimated cumulative risk of a false-positive result was
49.1% after 10 mammograms (9762 screening mammo-
grams were introduced in that study) [3]. In Europe, a
high rate of biopsies of benign lesions (80%) is also

documented [4]. Of 5 patients biopsied, only one tissue
sample leads to a malignant histological diagnosis, and
this illustrates that the established methods still do not
offer an adequate specificity [4]. In addition, an esti-
mated 10–25% of breast cancer lesions were not detect-
able by the aforementioned methods in a 2-year follow-
up [5–7]. This lower sensitivity is often attributed to
dense breast tissue that is common among younger
patients, and post-menopausal women undergoing hor-
mone replacement therapy (HRT) [7].
An active topic of scientific research since the 1920s is

the principle that the electrical impedance properties of
tissues can offer interesting and potentially valuable
information—quantifiable as the parameters of elec-
trical conductance (1/resistance of an alternating cur-
rent) and electrical capacitance (storage of electrical
potential) [8], factors influencing tissue impedance. In
the normal breast, moderate variations in these values
are observed, reflecting the differences among various
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types of breast tissue [8]. In contrast to these observa-
tions in normal tissue, malignant tumours show sub-
stantially increased capacitance and conductance values
resulting in a decreased impedance [9–11]. In vitro stud-
ies have shown 20–40-fold higher values for both para-
meters in malignant compared with normal tissue [9].
These differences are attributed to changes of cellular
water content, amount of extracellular fluid, membrane
properties, packing density, destruction of tight junc-
tions and cell membranes and a changed orientation of
malignant cells [12,13]. Of key importance is the fact
that most benign lesions exhibit the electrical properties
of normal tissue, and not of malignancies, thereby
leading to the potential to differentiate benign versus
malignant lesions [10,14]. A technique for measurement
of passive skin-surface electropotentials has been inves-
tigated [13]. However, electrical impedance scanning
(EIS) differs significantly from this approach in that EIS
measures active, applied alternating currents as opposed
to inherent, biological electricity (DC versus AC).
Early EIS results were published in 1990 by Piperno

and colleagues [15]. During the last decade, the techni-
cal equipment and application mode has undergone
significant refinement. The current EIS system, Trans-
Scan TS2000 (TransScan Medical, Ltd., Israel, dis-
tributed by Siemens-Elema, Stockholm, Sweden) is a
real-time, non-invasive method by which the increased
conductance and capacitance of a malignant tumour is
measured on the skin surface of the breast. To date,
only limited clinical experience and initial results of
electrical impedance scanning in the detection of malig-
nancies have been published [16,17]. In 1999, TS2000
was approved for use by the American Food and Drug
Administration (FDA) as an adjunct to Mammography
for the evaluation of equivocal breast lesions.
Due to the fact that final arbitration of whether a

lesion is malignant or benign can never be based upon
imaging but must rather be histologically based, all
included cases were histologically-proven.
Therefore, the aim of any additional imaging techni-

que should be to determine the complementary value—
in this case, the value of EIS in addition to mammo-
graphy and ultrasound examinations for breast lesion
diagnosis. In so doing, this study aimed to answer whe-
ther EIS adds to the sensitivity of cancer detection by
indicating cases for histological confirmation which
would not have been indicated by clinical examination,
mammographic and ultrasound imaging.

2. Patients and methods

From April 1999 to June 2000, 210 consecutive eligi-
ble patients (mean age 57 years, standard deviation
(S.D.) 13 years) presenting 240 suspicious lesions were
included in this study performed at our institution.

Patients were previously selected by clinical examination
and imaging. A screening programme was not available
during the period this study was conducted. Due to the
known limitations of EIS, it is, at present, necessary to
know the location of the lesion which should be exam-
ined using EIS [16,18]. Consequently, only symptomatic
patients having an abnormal finding in mammography
and/or ultrasound, who were not pregnant, and did not
have a pacemaker were included. It was not possible to
include patients without clinical or imaging abnormal-
ities. Clinical abnormality (e.g. by palpation) without
any corresponding imaging abnormality did not occur
in our patient population. However, if such a case had
been encountered, the patient would have undergone a
MRM: MR-mammography examination. If the clinical
findings had been clearly localisable, an EIS examina-
tion would then have been performed. Consequently,
the absence of imaging abnormalities in clinically suspi-
cious localisable areas was not an exclusion criteria.
Each patient received information about this technique;
all voluntarily accepted the examination.
Results of the diagnostic modalities were not con-

sidered individually but, rather, collectively. These
determinations were made based on a synopsis of all of
the results of the established techniques. Hence the
clinical, mammographical and sonographic examina-
tions were performed and the collective results classified
by an experienced radiologist (including a double read-
ing of mammography) according to the LOS (level of
suspicion) categorisation method: category 1: no lesion,
no finding in clinical examination; category 2: benign
lesion; category 3: lesion most probably benign; cate-
gory 4: lesion probably malignant; category 5: lesion
very suspicious for malignancy.
Cases scored as category 1 had to be excluded from

the study due to the fact that there was no modality
available to prove EIS outcome. In addition, it is docu-
mented that EIS is an additional technique for the clar-
ification of known lesions and should therefore be
utilised only for the investigation of lesions first identi-
fied by one of the listed established techniques.
Lesions of LOS 2–5 for which pathology results were

available were included in the study. Patients with
lesions of category 2 were recommended to undergo a
clinical, as well as an imaging follow-up (1 year), unless
the patient requested immediate clarification (biopsy/
cytology) followed by re-evaluation. For lesions of
category 3, a clinical, as well as an imaging short-term
follow-up (1=2 year) was indicated, and immediate his-
tologically-based clarification was performed only upon
patient request. Lesions of categories 4 and 5 immedi-
ately underwent a histological clarification. The EIS
examination was performed with full knowledge of the
results of mammography and ultrasound, prior to
biopsy/surgery. The procedure was performed as
follows:
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A low-level, biocompatible electrical current was
applied via a metal cylinder (base electrode) held in the
recumbent patient’s hand. This current flowed through
the patient’s body.

+

The scan probe held by the examiner was applied to the
breast at the region of interest. Good contact was
facilitated with the use of an ultrasound gel.

+

The array of sensors (8�8 matrix) on the scan probe
measured the electrical current.

+

The computer calculated, from these data, tissue-related
conductance and capacitance.

+

The display of both the conductance and the capacitance
‘maps’ of the breast were separately presented in a 256-
gray scale on the monitor. An increased conductance
only or conductance and capacitance value was visible as
a ‘bright white spot’. The reading frequency was 200 Hz.

+

Recordings were taken at the region of interest, the
impedance ‘maps’ being registered on up to a five-sector
screen (see Fig. 1) for conductive and capacitance.

+

The skin surface at the scanned location was carefully
inspected, as artifacts caused by skin lesions, scars,
moles, contact artifacts, bone or air bubbles can repre-
sent high conductance or capacitance and therefore also
create spots [19].

+

The impedance images were interpreted in accordance
with established criteria [16,19] and as described below.
One examination was performed in approximately 5 min.

Each resulting bright spot (focal brightness in one of
the sectors clearly more luminous than its surroundings)
was interpreted. A spot was identified as a positive
finding, i.e. indicative of malignancy, unless a skin arti-
fact was identified at that location. In Fig. 1, a typical
EIS finding is shown.
The nipple always shows as a bright signal and should

be bilaterally comparable (size, intensity) within the
same healthy patient. However, any inconsistency
between the nipple signal of left and right breast was not
registered as a positive finding due to the fact that the
observed nipple signals, even in healthy patients, can
differ in their appearance (due perhaps to skin altera-
tions, prominence, size differences, etc.). Only if there
were a separable focal spot in the nipple area (indicative
of retroareolar malignancy), was the spot classified as a
positive finding in EIS.
The clinical values as characterised by the resulting

sensitivity, specificity, false-positive rate, false-negative
(FN) rate, positive predictive value (PPV), negative
predictive value (NPV) and accuracy were evaluated
with respect to the suspicious lesion. In addition, size,
location, depth and distance from the skin level were
measured, for lesions that were visible in ultrasound.
Finally, and as mentioned above, all lesions were

cytologically/histologically proved.
Selection of the technique was based upon the lesion

and patient: ultrasound-guided puncture of liquid tissue
(cysts) with cytology, ultrasound-guided core needle-
biopsy (each with at least three cylinders of tissue),
minimally-invasive breast biopsy (each with at least 12
cylinders of tissue), local surgical excision of the lesion,
quadrant resection or mastectomy. For all proven
malignancies, the elected treatment method was either

Fig. 1. A typical two-sector positive electric impedance scanning (EIS) result: focal brightness of conductance (CON) at the location marked on the

sketch; surrounding area displayed is relatively homogeneously gray. As in ultrasound, EIS is an interactive imaging, consequently spots induced by

artifacts are best detectable and interpretable during examination. A retrospective differentiation of an artifact- or cancer-induced focal increase in

conductance values is, consequently, difficult to perform. CAP, capacitance.
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local surgical excision of the lesion, quadrant resection,
or mastectomy, followed by other appropriate ther-
apeutic measures.
In Table 1, the lesions visualised by mammography

and ultrasound are listed. Scoring that was analogous to
the LOS categorisation was used with knowledge of
ultrasound and mammography as well as clinical exam-
ination.
In order to determine the additional benefit of EIS as

an adjunct to the other modalities, it was necessary to
define which cases were scored as malignant or benign
using imaging as well as clinical examination. If clinical
examination, mammographal and ultrasound revealed a
level of suspicion 4 or 5, this was scored as suggesting
malignancy (as mentioned above). In contrast to that,
lesions scored as LOS 2 and 3 were considered likely to
be benign based upon clinical, mammographical and
ultrasound examinations. A focal spot finding in EIS
was scored as positive and consequently suggestive of
malignancy (after exclusion of artifacts), the absence of

a focal spot, as negative (suggesting the lesion was
benign). The results of the examinations were compared
with the histological findings in order to determine the
sensitivity, specificity and accuracy.

3. Results

The following suspicious findings by histopathology
were observed (Table 2).
As depicted in Table 2, 14 of the examined lesions

were proven by histopathology to be ductal carcinoma
in situ (DCIS). With respect to this histopathological
finding, 8/14 DCIS cases were correctly detected by EIS,
whereas 6/14 were false-negatives. Consequently, the
system reached a sensitivity of 57.1% in the detection of
DCIS
Taking into account only the invasive malignancies,

EIS detected 78/89 lesions correctly as positive, yielding
a sensitivity of 87.6% in the detection of invasive can-
cers. These data are presented in Table 3.

3.1. Performance parameters, EIS

86 of the 103 histologically-proven malignant lesions
were correctly detected using EIS (sensitivity 83.5%). 91
of the 137 benign lesions correctly showed no spot using
EIS (specificity 66.4%), leading to a NPV and PPV of
84.3 and 65.2%, respectively. Accuracy was observed as
75%.
The histology of the false-negative lesions are depic-

ted in Table 4, and false-positive lesions in Table 5.

Table 1

LOS categorisation after mammographical and sonographical exam-

ination

Cat. 1 Cat. 2 Cat. 3 Cat. 4 Cat. 5 Total

Number of lesions 0 37 79 66 58 240

% 0 15.4 32.9 27.5 24.2 100

LOS, level of suspicion; Cat, category. %=percent of lesions, each

category

Table 2

Histopathological findings

Histopathological finding Number of

lesions

Percentage

Invasive ductal carcinoma 57 55.3

Invasive lobular carcinoma 21 20.4

Invasive tubular carcinoma 5 4.9

Squamous cell carcinoma 1 1.0

Mucinoid adenocarcinoma 1 1.0

DCIS 14 13.6

Medullary carcinoma 1 1.0

Lymphoma 1 1.0

Neuroendocrine carcinoma 1 1.0

Metastasis of an ovarian carcinoma 1 1.0

Total of malignancies 103 100

Hyperplasia/metaplasia 32 23.4

Fibroadenoma 29 21.2

Cystic tissue 16 11.7

Fibrotic tissue 23 16.8

Adenosis/adenoma 19 13.9

Papilloma 8 5.8

Other histologies (necrosis, lipoma, etc.) 10 7.3

Total of benign lesions 137 100

Total of all lesions 240 –

DCIS, ductal carcinoma in situ.

Table 3

EIS results for DCIS and invasive cancers

DCIS Invasive malignancies

Total no. of cases 14 89

TP 8 78

FN 6 11

Detection rate 57.1 87.6

EIS, electrical impedance scanning; CIS, carcinoma in situ; TP, true

positive; FN, false-negative.

Table 4

Histology of false-negative cases

Histology FN/total

number

Percentage distribution

DCIS 6/14 42.9%

ILC 4/21 19.0% (two retroareolar, one >35 mm)
IDC 6/57 10.5% (one retroareolar)

Metastasis of

ovarian cancer

1/1 100% (retroareolar)

FN, false-negative; DCIS, ductal carcinoma in situ; ILC, invasive lob-

ular carcinoma; IDC, invasive ductal carcinoma.

A. Malich et al. / European Journal of Cancer 37 (2001) 2324–2330 2327



3.2. Performance parameters, mammography and
ultrasound

89 of the 103 histologically-proven lesions (sensitivity
86.4%) were correctly categorised as LOS 4 or 5 by
mammography and ultrasound. 107 of 137 cases
revealed correctly assessed benign findings (specificity
78.1%).
With the additional use of EIS, 98 of the 103 histolo-

gically-proven malignant lesions were identified as sus-
picious by at least one of the three modalities (sensitivity
95.1%), whereas for 77 of the 137 benign lesions all
three modalities showed a concordance of not suspi-
cious findings (specificity 56.2%). Accuracy of mam-
mography and ultrasound alone were observed to be
82.3%, whereas this value decreased to 75.7% with the
addition of EIS. However, using EIS as an adjunct to
these two technologies, 9 additional cancer cases could
be identified, whereas five cancer lesions remained not
suspicious in all techniques (LOS 3 after clinical exam-
ination, mammography and ultrasound and negative in
EIS). EIS introduced 30 false-positive findings in cases
regarded by mammography and ultrasound to be prob-
ably benign.
A summary of these values is given in Table 6.

3.3. Consideration of a priori criteria

An ‘optimal sensitivity’ was calculated, excluding
from the data-set those cases meeting the well-defined a
priori criteria, i.e. lesions where the technology experi-
ences limitations [18,19]:

. retroareolar location, not larger than the nipple
itself and at depth <2 cm (n=8, 6 malignant)

. >35 mm size (n=13, 11 malignant)

. depth from the surface >35 mm (n=9, 6 malig-
nant) one lesion retroareolar and too large, one
lesion too large and too deep.

Consequently, this modified data set included 212 of
the 240 lesions. In this ‘optimized’ patient-group, EIS-
examination revealed a true-positive finding in 72/82/83
cases (sensitivity 87.8%). 86/130 lesions were correctly
detected as negative (specificity 66.2%). These exclusion
criteria can be determined a priori, and may pro-
spectively serve as exclusion criteria for the EIS exam-
ination, although the resulting ‘optimized’ values are
not significantly different from those reported for the
entire data-set. However, respecting the a priori limita-
tions, an analysis of only the invasive cancers shows a
sensitivity of 91.7% (66/73 invasive cancers).

4. Discussion

The classification of nine additional malignant lesions
using EIS, leading to an overall sensitivity of 95.1%
when implementing mammography, ultrasound and
EIS (versus 86.4% with mammography and ultrasound
alone) is promising. A reasonable tumour detection rate
of EIS used as an additional technology to mammo-
graphy and ultrasound can be reached, such that the
technology is worth consideration. The sensitivity could
be increased only slightly when a priori criteria were
applied, i.e. retrospective exclusion of cases where EIS
technology is unlikely to be effective. The highest sensi-
tivity was among the invasive cancers.
Fields and colleagues found slightly higher values of

sensitivity than this study: 86% sensitivity, 51% specifi-
city, 87% negative predictive value [20]. Nissan and
coworkers described also a sensitivity of 86% for EIS,
but slightly different study protocol conditions were
used (EIS findings scored in a range of 1–5, rather than
positive/negative) [21].
The false-negative rate may be due to physical limita-

tions as discussed by Scholz and Anderson using math-
ematical models, to demonstrate the theoretical
limitations of the technique which are mainly due to
interference of the current flow in cases of deep lesions
[18]. Due to the limited discrimination of the con-
ductance values between lesions and normal tissue for
lesions 3 cm or deeper, the interfering non-malignant
tissue between the lesion and surface acts as a buffer in
assimilating the electrical parameters of both tissues.
This can explain the failure to register conductance
values that were high enough to induce a focal spot.
In cases of large tumours, conductance of the mea-

suring field is increased and, consequently, the relative

Table 5

Histology of false-positive lesions

Histology FP/total number Percentage distribution

Papilloma 4/8 50.0

Metaplasia/hyperplasia 15/32 46.9

Adenosis 7/19 36.8

Fibrotic findings 7/23 30.4

Fibroadenoma 7/29 24.1

Cystic tissues 3/16 18.8

Other tissue types 3/10 30.0

FP, false-postive.

Table 6

Effects of EIS as an additional examination

Mammography/

ultrasound (%)

Adjunctive

EIS (%)

All methods

(%)

Sensitivity 86.4 83.5 95.1

Specificity 78.1 66.4 56.2

Accuracy 82.3 75.0 75.7

EIS, electrical impedance scanning.
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changes are smaller. Thus, it is hypothesised that larger,
homogeneously-structured lesions would not induce a
visible focal increase that is clearly brighter than its
surroundings, and therefore in the electrical parameter
maps this may lead to negative EIS results.
Cancer-induced lesions located directly behind the

nipple may also be impossible to discern, or at least
difficult to interpret, as the nipple-induced bright spot
when it is superimposed onto another signal often does
not result in a visibly increased (superimposed, cumula-
tive) brightness. Consequently, it is likely that malignant
lesions in this location, especially minor ones, would not
be detected by EIS.
Cysts usually do not cause a focal increase of con-

ductance, perhaps because the cystic membrane isolates
the liquid from the surroundings (but they are sometimes
visible as a slightly darker area in EIS). However, some
cancer-induced tissues are also surrounded by mem-
branes or capsules (e.g. the ovarian metastasis in this
study), which may be the source of false-negative cases.
The reasons for changes in the conductance of malig-

nant tissue are still under investigation. This property of
the tissues seems to be associated mostly with changes
that are typical for invasive cancers such as destroyed
tight junctions and cell membranes, increased patholo-
gical perfusion, the amount of extracellular fluid, etc.
[12]. This might explain why the detection rate of carci-
noma in situ was significantly lower than that of inva-
sive cancers, as suggested by Rigaud and coworkers
[12]. However, to the best of our knowledge, there are
no investigations to date specifically focusing on EIS
detectability of non-invasive cancers.
However, fast-growing tumours, are in part char-

acterised by a larger necrotic component. In these
necrotic structures, the current flow should be better
than in the surrounding tissue. This might explain the
differences in the detectability of the cancer-induced
lesions. Both phenomena are topics for future investi-
gation.
It is documented in several studies that because of the

currently high false-positive rate of the available EIS
system, its usage should be limited to adjunctive exam-
inations of lesions with known locations [17,20,21]. In
addition, there is currently no minimally invasive biopsy
capability available based on electrical impedance
measurement. Due to these limitations, it is currently,
unfortunately, neither possible nor useful to investigate
whether EIS is able to identify cancers which remain
completely obscure after clinical and imaging mod-
alities. In addition, it is known that while scanning spe-
cial care must be taken since air bubbles, interfering
bones (rib), muscles, superficial skin lesions (moles,
scars, hairs, naevi and insect bites), subcutaneous chan-
ges and poor contact of the scanner can result in bright
spots mimicking the increased conductance of malig-
nant tissue. Additionally, the rate of false-positive spots

has been shown to be directly related to the hormonal
state and phase of the cycle [22]. It remains unclear why
the false-positive value differed in our study between the
various histological findings (between 18.8% and
50.0%). Further studies should address whether there
are histopathological changes associated with papilloma
and hyper/metaplasia (e.g. proliferation ratio), in con-
trast to cysts and fibroadenomas, that induce an
increased conductance by themselves. Moreover, when
used in addition to clinical examination, mammography
and ultrasound, the high false-positive-rate of EIS
decreases the overall accuracy from 82.3 to 75.7%.
Consequently, to summarise:

1. the EIS technique is promising because it adds to
the sensitivity in detecting cancer by indicating
cases for histological clarification which would not
have been indicated following the clinical exam-
ination, mammographical and ultrasound imaging
findings.

2. the practical value of EIS depends critically on a
further reduction of false-positive results and is
limited to known lesions of known location.

Our institution continues to actively pursue this new
technology. Further developments in software, as well
as scientific studies, should focus on reducing the false-
positive findings of EIS, in general, in order to achieve a
higher accuracy value.
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