Tecnologia/Technology

INFRARED IMAGING AND COMPUTERIZED
TOMOGRAPHY IN BREAST CANCER: CASE STUDY

C. Dalmaso Neto?,
J. V. C. Vargas?®,
and M. L. Brioschi®

*Programa de Pos-Graduagdo em Engenharia
Mecéanica, Departamento de Engenharia
Mecanica, Universidade Federal do Parana,
UFPR, Curitiba, PR, 81531-980, Brazil
bPrograma de Especializagio em 1ermologia
e Termografia, Hospital das Clinicas da
Faculdade de Medicina da Universidade de
Sao Paulo, HCFMUSP, Sao Paulo, SP,
01246-903, Brazil vargasjvev2@gmail.com
dalmasont@gmail.com

marcosbrioschi@gmail.com

ABSTRACT

This work presents a case study of a 75-year-old woman breast with
cancer. The investigation process used infrared image, mammography,
computerized tomography (CT) and ultrasound guided biopsy to
assess, stage and final diagnostic of the tumor. Each one of these
evaluations brings an isolated piece of information that results in the
correct diagnostic, and treatment. As early diagnostic of breast cancer
goes towards improvement in diagnostics and better therapeutics, it is
reasonable to state that breast cancer diagnostics must be achieved as
early as possible. An association between infrared image abnormalities
and computerized tomography is acknowledged and is assumed that a
correlation could exist. The technical literature demonstrated that
tumor depth could be inferred from infrared images, but critical
information such as breast perfusion for accurate predictions are not
available yet. Considering that a mathematical model could model
breast perfusion, this study proposes that tumor morphology and depth
in breast cancer could be adequately determined using mathematical
modeling, infrared imaging, and computerized tomography in
complementary actions.
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INTRODUCTION

Currently, early diagnosis of breast cancer is the
most important single action modern medicine has to
decrease female mortality rates, as mortality from
breast cancer is mainly linked to access to diagnosis
and adequate treatment in a timely manner. INCA,
2015 states that ultrasonography and mammography
are the elected imaging method in the diagnostic
investigation of suspected breast abnormalities, and
other image analyzes can be used, such as magnetic
resonance imaging or tomography in order to provide
anatomical information about the tumor, and biopsies
are used for correct staging, next to surgical
procedures, as well as radiotherapy or chemotherapy.
Most breast tumors are invasive and can infiltrate other
tissues, as noted by Morais et al. (2016), and the
malignancy of the breast tumor is strongly influenced
by staging, that is, the extent of the tumor or its spread
when diagnosed early. So, early diagnosis is vitally
important for the prognosis.

Lawson (1956), in early thermographic breast
studies, stated that early diagnosis of breast cancer
could be performed with infrared image. Isard et al.
(1971) observed that a cancer compromised breast can
produce an increase in infrared emission causing
disparity in the thermographic pattern of the breast
skin. Nevertheless, infrared imaging to obtain the
breast surface temperature distribution has been used
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in medicine for more than 50 years without a
consensus on quantification methodology.

Gautherie and Gros (1980) stated that the rate of
cancer detection in reviews of women who were
initially considered healthy or with benign mastopathy
methods other than thermography was significantly
higher in altered thermography. Gautherie (1980) also
observed that the superficial thermal pattern of the
breasts is related to the metabolism and
vascularization of the underlying tissues. The
abnormalities observed in the thermal behavior of
breast neoplasms are due to the excessive vasodilation
caused by nitric oxide originating from neoplastic
lesions, as described by Anbar et al. (2001). Hence, the
changes found in breast thermography are due to
autonomic responses to histochemical changes
occurring at the disease site. In resume, infrared image
thermography is a non-anatomical method that aims to
identify vascular changes with increased blood flow
and metabolic activity in the breasts that may be
related to abnormalities, even when changes are not
yet present in other exams (Brioschi, 2016).
Anatomical information, however, cannot yet be
analyzed, being the dynamic study of the functional
behavior of the breast skin (Frize et al., 2002; Planche,
2004) the ultimate information that infrared image
brings to light.

Gonzalez (2007) proposed a thermal model to try
to predict the depth of a tumor. The model was further
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refined and presented by Gonzalez (2021), with the
observation thar the model could be improved by
including the internal structure of the breast gland.
Another step to assess anatomical information from
infrared images was taken by Figueiredo et al. (2019)
and Figueiredo et al. (2020), who demonstrated that
the geometric centers of the tumors can be estimated
with a maximum error of 0.15 cm with respect to the
original location. None of these studies accounted for
blood flow.

Metabolic and anatomical data are used to
estimate tumor characteristics, as size and location.
However, such information is currently evaluated
separately in the diagnostic process. It should be noted
that all that is physically correlated — that is,
metabolic changes are linked to anatomical findings.

Considering the physical connection between
metabolism, perfusion, and anatomical structure, it is
reasonable to expect that breast anatomical
information could be obtained from skin infrared
images, and vice versa. Therefore, the objective of this
study is to evaluate the possibility of using
thermographic data from infrared and computerized
tomography for tumor identification and location,
including depth.

METHODOLOGY

To investigate if there are any relations between
infrared image and computerized tomography,
qualitative data from a case report was analyzed.

The case report data analyzed was: infrared
image, mammography, computerized tomography,
and ultrasonography guided biopsy. All data was
collected from the same individual, during the
screening and diagnostic process, by different medical
personal involved at the investigation.

The images used in this analysis were prepared
to be consistent, and checked to not contain any gaps.
Infrared images were analyzed using FLIR Tools+®
software v5.13. Mammography and Tomography used
DICOM data, and were analyzed by Medical
Radiologists, using BIRADS classification, a well-
established classification method.

The patient gave consent to use her medical data
for scientific research.

RESULTS AND DISCUSSION

A 75-year-old woman, without any complains,
was admitted to a routine service with infrared image
as shown in Figure 1. The image presents an area of
hyper-radiation in the right breast, that suggests
increase of metabolic activity.
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Figure 1. Breast Thermograms: (a) Anterior view; (b)
Right oblique view; (c) Left oblique view.
Arrows are included for pointing to suspicious area.

A mammography was also taken and showed
abnormalities compatible with BIRADS-5 as it is
shown in Figure 2.

The investigation  proceeded, and a
Computerized Tomography, shown in Figure 3, was
conducted, for further characterization of the tumor
and to search for lymph nodes — for staging and
surgical planning.

Ultrasound guided core biopsy was finally
conducted, with Carcinoma ductal “in situ” findings,
ending the investigation process and confirming the
diagnostic. The patient was eventually submitted to
surgical procedure, after more than 3 months of
investigations.
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Figure 2. BIRADS-5 Mammography, showing focal
irregular asymmetry at upper-lateral posterior third
quadrant of the right breast, associated to irregular

calcifications.

Figure 3. CT: Red arrow shows right breast
parenchyma with a deep mass.

Infrared image showed abnormalities in the early
stage of analysis. Even without any other information,
it could be stated that there were signs of significant
changes in breast tissue. And these signs were
confirmed by mammography. CT scan, for its part,
confirmed not only the disease, but also gave
information about the location of the tumor.
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Vargas et al. (2009) proposed a normalized
methodology to assess infrared image of the breast
based on the definition of a dimensionless
temperature. A mathematical correlation to estimate
breast temperature was also proposed by Souza et al.
(2015). The equation could be used to assess infrared
breast images, as it provides metabolic information,
but also considering the effect of ambient temperature.
So, such estimated breast temperature is given by:

T, =12.405+ (T, x0.548)+ T, x0.100) (1)
Tew=34.8 °C

where T, is the estimated average temperature of the
breast, °C; T, is the patient maximum eye (core)

temperature, °C; and T, is the room temperature, °C.

The parameters of the infrared images are shown
in Table 1.

Table 1. Breast infrared imaging parameters

Breast
AT,
Right Left R-L

Mean 349°C 33.2°C 1.7°C

AT, , : difference between right and left mean breast
temperatures, based on Frize et al. (2002) criteria.

The right breast estimated temperature according
to Eq. (1) was T,, =34.8 °C. The mean temperature

of the right breast was 34.9 °C. Another evaluation
was made by simply taking the difference between the
mean temperature of both breasts. The result was
AT, , =1.7°C, which is highly indicative of
abnormality since thermal symmetry is expected with
respect to the human body sagittal plane.

The indication of a tumor, based on infrared,
mammography, or CT scan, appears clearly in the case
studied in this paper. However, the analysis of the
three exams is also complementary in terms of locating
the tumor inside the breast. Note that the breast
infrared image potentially reveals anatomical and
physiological changes in the underlying tissues.

Previously, Gonzalez (2007), Figueiredo et al.
(2019), Figueiredo et al. (2020), Gonzalez (2021),
Gautherie (1980a, 1980b) demonstrated that there are
correlations among such exams, although in separate
analyses. Therefore, it is reasonable to state that,
indeed, there is a clear correlation between infrared
images and depth, as well as size of the tumor that is
worth to be investigated, and possibly propose a
methodology to combine CT and infrared imaging for
breast tumor diagnosis and accurate localization. A
mathematical model could model breast perfusion in
time and space, thus tumor depth and morphology in
breast cancer could be adequately determined using
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mathematical modeling, infrared imaging, and
computerized tomography in complementary actions.

CONCLUSIONS

A case of breast cancer in a woman was studied
in this paper. Infrared image, mammography and
computerized tomography were conducted and
analyzed, as well as the biopsy confirmation. A
physical correlation between infrared image and CT
scan findings was detected, which presented an
opportunity to improve early breast cancer detection
current methods.

The key conclusion is that the location of the
geometric center of the breast tumor, from the breast
surface skin temperature, could be estimated based on
infrared imaging and computerized tomography (CT),
provided that a mathematical model is proposed to
account for breast blood perfusion, i.e., the physical
link between thermal response and anatomic structure.
The Volume Element Model (VEM), that combines
conservation laws with empirical correlations to
quantify several types of flow and energy interactions
in a system, and thus produces a simplified breast
three-dimensional model (Dilay et al., 2015; Vargas et
al., 2001), could be elected as the model to be used to
achieve such task.
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