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Abstract
BACKGROUND: Digital infrared thermal imaging (DITI) has resurfaced in this era of modernized

computer technology. Its role in the detection of breast cancer is evaluated.
METHODS: In this prospective clinical trial, 92 patients for whom a breast biopsy was recommended

based on prior mammogram or ultrasound underwent DITI. Three scores were generated: an overall risk
score in the screening mode, a clinical score based on patient information, and a third assessment by
artificial neural network.

RESULTS: Sixty of 94 biopsies were malignant and 34 were benign. DITI identified 58 of 60
malignancies, with 97% sensitivity, 44% specificity, and 82% negative predictive value depending on
the mode used. Compared to an overall risk score of 0, a score of 3 or greater was significantly more
likely to be associated with malignancy (30% vs 90%, P � .03).

CONCLUSION: DITI is a valuable adjunct to mammography and ultrasound, especially in women
with dense breast parenchyma.
© 2008 Elsevier Inc. All rights reserved.
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Digital infrared thermal imaging (DITI) is a noninvasive,
on-contact system of recording body temperature by measur-
ng infrared radiation emitted by the body surface. This tech-
ology was originally designed for US military use in night
ision but also has many applications in medicine. Its use in the
eld of medical oncology lies in the fact that tumors generally
ave an increase in blood supply and angiogenesis, as well as
n increased metabolic rate, which in turn translates into in-
reased temperature gradients compared to surrounding nor-
al tissue.1 Detecting these infrared “hotspots” and gradients

an thereby help to identify and diagnose malignancy.
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Infrared thermography has been in use in medical diagnos-
ics since the 1960s, and in 1982 was approved by the US Food
nd Drug Administration (FDA) as an adjunctive tool for the
iagnosis of breast cancer. Its applicability, however, was lim-
ted by the temperature resolution capability of earlier imaging
echnology, the bulky equipment necessary to perform proce-
ures, and the general lack of computer analytical tools. Since
hen, major advances have been made in infrared thermal
maging technology, with digitalized high-resolution imaging
nd sophisticated artificial intelligence-based neural network
mage analysis. In the past, equipment for measuring infrared
mission was only capable of resolving temperature variation
rom .5 to 1°C; some machinery required liquid nitrogen, and
ome even needed patient contact—a much more primitive
echnology requiring a special liquid crystal film to be placed

n the patients’ breasts so as to detect temperature. The digital

mailto:rms2002@med.cornell.edu


i
c
a
s

t
B
g
m
p

M

r

m
c
f
w
w
o
t

r
e
s
c
a
s
l

F
i
o

524 The American Journal of Surgery, Vol 196, No 4, October 2008
nfrared thermography cameras of today are capable of sensing
hanges in temperature at .08°C or better and do not require
ny patient contact. Now, DITI has the capability of making
ignificant impact in medicine.2

In this study we assess the effectiveness of a DITI sys-
em, the Sentinel BreastScan (SBS; Infrared Sciences Corp.,
ohemia, NY USA), in detecting breast pathology in a
roup of patients with suspicious findings on either mam-
ography or ultrasound that all underwent biopsy in a

rospective, double-blinded trial.

ethods
Ninety-two women for whom a breast biopsy had been

ecommended on the basis of a previously suspicious mam-

igure 1 Digital infrared thermal imaging scans. Green circles re
nfiltrating ductal carcinoma in right breast at 12 o’clock, risk sc

’clock, risk score of 1. (C) Patient with fibrocystic disease, risk score o
ogram or ultrasound were included in this 2-year study
onducted at New York Presbyterian Hospital–Cornell. In-
ormed consent was obtained from all patients and approval
as obtained from our Institutional Review Board. Patients
ho were morbidly obese, had a bra size greater than DD,
r had prior contralateral mastectomy were excluded due to
echnical limitations.

The examination was performed with the patient dis-
obed from the waist up and positioned in a dedicated
quipment suite with a chair equipped with lateral-view
ide mirrors, an integral air cooler, and a digital infrared
amera. The digital camera was an uncooled focal plane
rray type with an image size of 320 x 240 pixels,
ensitivity to .08°C, and an operating spectral (wave-
ength) range of 7–12 �m.

t areas of clinical suspicion from prior imaging. (A) pPatient with
4. (B) Patient with ductal carcinoma in situ in right breast at 10
presen
ore of
f 0.
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The examination took approximately 4 minutes per pa-
ient, where a dynamic series containing more than 100
emperature images was gathered during the administration
f a cold stress (cool air directed at the breasts). The soft-
are extracted specific thermal parameters, performed

symmetry analysis between each breast, and focused on
reas of the breasts that showed the greatest difference in
emperature when compared with surrounding tissue. The
rogram then produced a color-coded, processed image of
he breasts showing suspicious foci, as well as results of all
easured thermal breast parameters (Figure 1).
Each patient underwent 3 modes of analysis to generate

different scores. An overall risk score was tabulated in the
linded screening mode, giving a score of 0 (minimal risk)
o 7 (very high risk). Any score greater than 0 was consid-
red a positive (suspicious) finding. In the clinical mode, the
ocation of the lesion under question based on prior imaging
as assessed to generate a positive or negative clinical

ssessment. Finally, a third score was generated using an
rtificial neural network (ANN) evaluation to also give a
ositive or negative finding.

Statistical analysis was performed using Fischer exact
est with P � .05 considered significant.

esults

The study consisted of 94 biopsies in 92 female patients
ith an average age of 51 years (range 23–85). Of the 94
reast lesions, 60 were malignant (including 2 with lobular
arcinoma in situ, since these tumors are considered stage 0)
nd 34 were benign on biopsy. As seen in Table 1, the
ajority of malignancies were infiltrating ductal carcinoma

IFDC). The median size of invasive tumors was 1.4 cm,
ith a range of .5–14 cm. Of 60 malignancies identified on
iopsy, the SBS identified 58 correctly on both the screen-
ng mode and using ANN, and 54 of 60 using the clinical
ode. Sensitivity and specificity for each of the modes of

he SBS are given in Table 2. The negative predictive value
or the SBS in this set of patients was 66.7% in the screen-

Table 1 Significant pathologic findings for 94
lesion biopsies

Pathology N % of cases

Malignant 58 62%
DCIS 4 4%
IFDC 43 46%
IFLC 5 5%
Other malignant 6 6%

LCIS* 2 2%
Benign 34 36%

DCIS � ductal carcinoma in situ; IFDC � infiltrating ductal carci-
noma; LCIS � lobular carcinoma in situ.

*LCIS is included with malignancies as this is tumor-node-metastasis
(TNM) stage 0.
s

ng mode, 71.4% in the clinical mode, and 81.8% using
NN. All 4 ductal carcinoma in situ lesions were identified
sing the SBS system.

Compared to an overall risk score of 0, a score of 3 or
reater in the screening mode was significantly more likely to
e associated with a cancer diagnosis (30% vs 90%, P � .03).
ifty-two of 59 patients with malignancy had surgically
taged disease, either stage 0 (n � 6), stage I (n � 25), stage
Ia (n � 14), or stage IIb (n � 7). There was a nonsignif-
cant trend towards higher average risk scores for patients
ith malignancy at later stages of disease (Figure 2).

onclusion

In this prospective clinical trial of 92 women undergoing
ITI with suspicious breast lesions identified on prior mam-
ogram or ultrasound, we have shown that the SBS can

etect breast pathology with sensitivity up to 97% and a
egative predictive value of 82%. DITI is painless, nonin-
asive, does not emit harmful radiation, has no patient risk,
rovides immediate results, and is relatively inexpensive.
ompared to magnetic resonance imaging (MRI)—an ad-

unctive diagnostic tool for breast malignancy gaining more
opularity—DITI is considerably more affordable to both
atient and provider. MRI may cost $2,000 to the patient for

Table 2 Sensitivity and specificity of three modes of the
Sentinel BreastScan

Screening
mode

Clinical
mode

Neural
network

Sensitivity 96.7% 90.0% 96.7%
Specificity 11.8% 44.1% 26.5%

igure 2 Correlation of stage of breast cancer with average risk

core.
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ach examination and $2 million to own the equipment,
hile DITI costs less than $200 for each exam and approx-

mately $25,000 to own the equipment.
The ability of DITI to detect tumors relies on the as-

umption that tumors have different biology from surround-
ng normal tissue. One study found a correlation between
icrovessel density of breast malignancies and thermo-

raphic hot spots, thus providing a mechanistic explanation
or the use of DITI in cancer diagnosis.3 However, DITI is
imited by the fact that thermal recordings are only a phys-
ologic measure and therefore must be used as an adjunct to
nother test such as mammography or ultrasound. Infection
r inflammation of breast parenchyma, for example, can
lso alter temperature recordings and lead to false positive
ndings. In addition, morbidly obese women and breast size
reater than DD preclude accurate recording of temperature
rom the inferior aspect (undersurface) of the breasts, so
hese patients may not be ideal candidates for DITI. DITI is
ot currently recommended or approved as a substitute for
creening mammography, and correlation of findings on
ITI should be made with alternative imaging techniques.
One of the first studies to document the value of infrared

hermography in the identification of breast cancer was by
autherie and Gros in 1980.4 They reviewed thermograms
erformed on thousands of patients and found that patients
ith a “Thermogram stage Th IV or V” had a 90% chance
f having cancer at time of study, and, more interestingly,
8% of 1,245 patients with Thermogram stage Th III (sus-
icious but not conclusive) developed cancer within 1–4
ears of follow-up. Other studies have since shown corre-
ations of infrared thermography recordings with large
reast tumor size, high grade, lymph node metastasis, and
umor vascularity.5,6 This is similar to our study where we
howed a trend of higher risk scores correlating with higher
tage of disease.

While previous thermography studies were limited by
quipment, resolution, and sensitivity capabilities, the more
ophisticated imaging and analytical tools available today
ake it is possible to use DITI and artificial neural networks

o detect malignancy with up to 100% sensitivity.7 The low

pecificity of DITI in this particular pilot study is largely
ue to our select patient population, all with suspicious
ndings on prior radiologic examination. A separate popu-

ation with nonsuspicious breast pathology will be needed to
ccurately assess the true specificity of DITI. Ultimately,
valuating a screening population with DITI will give cli-
icians and patients more information so as to determine
ho will necessitate a biopsy and who can be followed

linically in cases where mammography or ultrasound is
nconclusive.

Patients who could potentially stand to benefit from this
echnology are those whose diagnosis of breast cancer can
e difficult, including younger women, men, patients with
ense breasts, or patients with surgically altered breasts
implants, breast reduction; provided nipples are intact for
rientation and asymmetry analysis). Future studies using
ITI for these individual groups can help to asses this
otential.

In conclusion, we have shown that a modernized DITI
ystem can be a useful adjunctive test in detecting breast
ancer with 97% sensitivity in this prospective clinical trial
f 92 patients.
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