Sensitivity Assessment of a Microwave Apparatus for Breast
Cancer Detection
Poster No.:

C-1390

Congress:

ECR 2018

Type:

Scientific Exhibit

Authors:

G. Tiberi , L. Sani , N. Ghavami , M. Paoli , A. Vispa , G. Raspa ,

1

1

1

2

1

1

1 1

1

1

2

E. Vannini , A. Saracini , M. Duranti ; Perugia/IT, London/UK
Keywords:

Cancer, Instrumentation, Computer Applications-Detection,
diagnosis, Experimental, Breast

DOI:

10.1594/ecr2018/C-1390

Any information contained in this pdf file is automatically generated from digital material
submitted to EPOS by third parties in the form of scientific presentations. References
to any names, marks, products, or services of third parties or hypertext links to thirdparty sites or information are provided solely as a convenience to you and do not in
any way constitute or imply ECR's endorsement, sponsorship or recommendation of the
third party, information, product or service. ECR is not responsible for the content of
these pages and does not make any representations regarding the content or accuracy
of material in this file.
As per copyright regulations, any unauthorised use of the material or parts thereof as
well as commercial reproduction or multiple distribution by any traditional or electronically
based reproduction/publication method ist strictly prohibited.
You agree to defend, indemnify, and hold ECR harmless from and against any and all
claims, damages, costs, and expenses, including attorneys' fees, arising from or related
to your use of these pages.
Please note: Links to movies, ppt slideshows and any other multimedia files are not
available in the pdf version of presentations.
www.myESR.org

Page 1 of 14

Aims and objectives
Microwave imaging has received increasing attention in the last decades, in particular
for its breast cancer detection applications, encouraged by considerable difference
between dielectric properties of malignant and normal tissues at microwave frequencies.
Speci#cally, as shown in [1, 2], a signi#cant contrast between healthy breast tissue and
malignant breast tissue is present; this contrast is shown to be up to a factor of 5 in
conductivity and permittivity. Meanwhile, newer studies suggest the existence of this
contrast only between fatty and malignant breast tissues, and a lower contrast (as low as
10% in dielectric properties) between healthy #bro glandular and malignant tissues [3-5].
Recently, a novel microwave apparatus (X-rays free mammogram, UBT Srl, Perugia,
IT) has been constructed, tested and validated [6]. The apparatus, shown in Fig 1,
operates in air, with 2 antennas, and uses a Huygens Principle based algorithm [7, 8] to
generate images, which are homogeneity maps of tissues' dielectric properties. Huygens
Principle based algorithm is able to capture the differences in dielectric properties
(dielectric constant and/or conductivity) and discriminate between varying tissues, or
various conditions of tissues, and depict this contrast through the resulting #nal image.
For clarity, it is vital to emphasize that this apparatus is completely safe for both patients
and operators, as it does not emit any ionizing radiation. In addition, the apparatus does
not require any breast smashing.
Sensitivity of the apparatus is quantified here, after performing microwave imaging on
8 healthy and 12 non-healthy breasts (healthy and non-healthy breasts have been
classified through a radiologist study).
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Images for this section:

Fig. 1: The microwave apparatus (appropriately integrated in a bed) and the Vector
Network Analyzer (driven by a processing unit). The microwave apparatus uses the
Vector Network Analyzer as described in the next section.
© - Perugia/IT

Page 3 of 14

Methods and materials
Clinical.
We present the results of the first 16 volunteers who have been recruited and
imaged under a protocol approved by the Ethical Committee of Regione Umbria, Italy
(N. 6845/15/AV/DM of 14/10/2015, N. 10352/17/NCAV of 16/03/2017). The protocol
concerns a feasibility study for detection of breast cancers using the proposed microwave
mammogram apparatus, with the aim of quantifying the potential of the proposed
microwave mammogram apparatus to be used for screening. The informed consent
was obtained from all volunteers; moreover, 4 volunteers underwent the microwave
imaging for the two breasts, and 12 volunteers underwent the microwave imaging for
just one breast. All procedures performed in this study were in accordance with the
ethical standards of the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or comparable ethical standards.
The radiologist study reviewed the conventional exam for each volunteer; conventional
exam was constituted by echography and/or mammography or (limited to one
case) magnetic resonance imaging. Echography was performed using the MyLab
70 xvg Ultrasound Scanner (Esaote, Genova, Italy); mammography was performed
using Selenia LORAD Mammography System (Hologic, Marlborough, MA); magnetic
resonance imaging was performed through a 3T scanner (Siemens Healthcare, Erlangen,
Germany). The output of the radiologist study review is listed in Table 1, together
with subjects' details. Specifically, where possible, the breast type has been classified
according to its density, following the scale defined by the American College of
Radiology (ACR) which goes from ACR1 (extremely fatty breast) to ACR4 (extremely
heterogeneous fibroglandular breast) [9]. The inclusion type, if present, has been
classified according to [10-12].
Once a subject agrees to participate in the protocol, the clinical study coordinator assists
the subject with the positioning of her breast in the microwave apparatus. The exam
data acquisition is completely computer controlled under the observation of a microwave
system operator present in the room. Once the exam is completed, the data is transferred
to a secure server for imaging.
Microwave Apparatus.
All microwave in-vivo images and results shown in this paper were reconstructed from
data gathered using the apparatus installed at the Department of Diagnostic Imaging,
Perugia Hospital, Perugia, Italy. The apparatus is constituted by one transmitting antenna
(denoted here as TX) and by one receiving antenna (here denoted as RX). Both antennas
operate in air, in the frequency band of 1 to 9 GHz. The apparatus is additionally
constituted by: a hub with a cup that are placed to contain the breast of the patient (prone
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positioned) and two arms to rotatably associate TX and RX to the hub. The TX antenna
is placed more radially external compared to the RX antenna. The RX antenna is placed
more radially external with respect to the cup containing the breast. Both TX and RX
antenna are con#gured to be rotated around the azimuth, such that they can pick up the
re#ected electromagnetic #eld in all the different directions. Both antennas are connected
to a Vector Network Analyzer VNA (Copper Mountain Technologies, IN, USA), which
uses an output power of 1mW. Some details of the apparatus (appropriately integrated
in a bed) are shown in Fig 2. For each TX and RX position, S21 was acquired at 1601
frequencies from 1 to 9 GHz in 5 MHz increments. TX and RX were positioned at the same
height on the azimuth plane which crosses the centre of the breast of the prone subject
(after checking that the half power beam angle of the antennas include the breast). On
such azimuth plane, we used 15 transmitting positions, divided in 5 groups centred at 0°,
72°, 144°, 216°, 288°; each group contains 3 transmitting positions displaced 4.5° from
each other. Moreover, we used 80 receiving positions displaced 4.5° from each other.
Microwave images.
To generate the image, the signals measured by the receiving antenna, i.e. the S21
output from the VNA, are processed by a processing unit through an imaging algorithm
based on HP. We reconstructed the two-dimensional images in the azimuthal plane, i.e.
coronal plane. In more details, we reconstructed images in a cylindrical grid with radius
of 7 cm (equal to the receiving antenna radius). All images were acquired by employing
(off-line) the imaging algorithm.
To be able to perform intra-breasts comparison, all intensity images have been
normalized to unitary average. For each microwave image, we calculated the parameter
Max/Avg (maximum of intensity divided by the average of intensity). Based on the
classification performed by the radiologist, we calculated: the mean and standard
deviation of Max/Avg for the healthy breasts; the mean and standard deviation of Max/Avg
for the non-healthy breasts. We denoted with T the sum of mean and standard deviation
of Max/Avg for the healthy breasts. Next, T has been used to classify the microwave
images of non-healthy breasts. Specifically: if Max/Avg # T the image was classified as
altered, while if Max/Avg < T the image was classified as non-altered.
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Table 1: List of the subjects used for this study, each one with some details and the
correspondent output of the radiologist study review.
© - Perugia/IT
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Fig. 2: The microwave apparatus consists of a cup that holds the breast when the patient
lies prone on the examination table. The transmitting (TX) and receiving (RX) antennas
are located inside the hub and can be moved around the azimuth, to irradiate the breast
(through TX) and capture the microwaves scattered by the breast itself (through RX).
Both TX and RX are connected to a Vector Network Analyzer (VNA). No matching liquid
is required.
© - Perugia/IT
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Results
Fig 3 shows the microwave images obtained for subject 11R (a) and subject 08R (b);
as pointed out before, to allow intra-subject comparison, the two images have been
normalized to unitary average of the intensity. Axes are given in meter. Intensity is
given in arbitrary unit, with a scale from 0 to 2. Microwave images are homogeneity
maps of tissues' dielectric properties (both dielectric constant and conductivity), and are
given here as 2D images in the azimuthal plane i.e. coronal plane. A certain level of inhomogeneity can be seen in both (a) and (b); however, in (b), in-homogeneity is more
pronounced.
Figs 3c and 3d show the mammography images for subject 11R and 08R, mediolateral
oblique views. Even if a co-registration between Fig 3b and Fig 3d is not possible, both
figures detect an inclusion near the surface of the breast.
According to the radiologist study review, 8 healthy breasts and 12 non-healthy breasts
underwent microwave imaging. For each microwave imaging exam, the parameter Max/
Avg is given in Table 2; specifically, the left part of Table 2 refers to healthy breasts, while
the right part of Table 2 refers to non-healthy breasts. For the healthy breasts, mean and
standard deviation of Max/Avg are 1.64 and 0.04; for the non-healthy breasts, mean and
standard deviation of Max/Avg are 1.77 and 0.09. The threshold T is equal to 1.68; T is
then used to classify the microwave images of the non-healthy breasts. By comparing
the output of the radiologist study with the classification of microwaves images performed
using the threshold T, it is possible to note that 11/12 of non-healthy breasts have an
altered microwave image; this turns out into a sensitivity of 91%.
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Fig. 3: Microwave images obtained for subject 11R (a) and subject 08R (b).
Mammography images for subject 11R (c) and 08R (d), mediolateral oblique views.
© - Perugia/IT
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Table 2: For each microwave imaging exam, the parameter Max/Avg (maximum of
intensity divided by the average of intensity) is given.
© - Perugia/IT
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Conclusion
Images obtained using the proposed apparatus are intensity maps representing
homogeneity of breast tissues' dielectric properties (dielectric constant and conductivity).
Images obtained using the proposed apparatus can detect and locate mismatches in
the region of transitions of the tissues. As the breast is constituted of non-homogeneous
tissues, a certain level of mismatch can be also seen in the healthy breasts; such
mismatch will be related to the subjects breast anatomy.
A classification of the mismatch in the microwave images can be performed through
the parameter Max/Avg. Specifically, non-healthy breasts images have a mean Max/Avg
approximately 10% greater than that of healthy breasts images. If we use T as threshold
to classify microwave images, a sensitivity of 91% is achieved.
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