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Introduction

Nowadays, medical infrared imaging systems
based on multielement focal-plane array (FPA)
are characterized by a unique temperature sen-
sitivity (a few hundredths of a degree) and spa-
tial resolution (less then one milliradian). Due to
these parameters, the quantitative analysis of the
smallest changes in the external temperature dis-
tribution on the skin surface of biological objects
is available. Nevertheless, a deep understanding
and thorough analysis of pathophysiological in-
ternal processes are necessary to correct inter-
pretation of obtained thermal images [2, 3].

Back in the 70s of the last century the “phe-
nomenon of flame” [4] was discovered: hyper-
thermal cords extending from hyperthermal cen-
ter of primary malignant tumor towards the near-
est lymph node (LN) signaled the beginning of
lymphatic metastasis. This prognostically unfa-
vorable symptom was observed in patients with
various nosological forms of tumor, its stage and
location, both prior the treatment start and dur-
ing the radiation therapy (RT).

LN is the peripheral organ of the lymphatic
system that performs the function of a biological
filter for lymph which is coming from the organs
and body parts. LNs are round, oval or bean-
shaped (rarely band-shaped) formations with the
sizes from 0.5 to 50 mm and more. LNs normally
are located along the lymphatic vessels, usually
as clusters of up to ten ones, near the blood ves-
sels, often - near the large veins.

Since 1977, the concept of the sentinel (sig-
nal) LN is known, according to which the out-
flow of lymph from the tumor focus presumably
is carried to it primarily [1]. This LN is a barrier
to tumor cells, therefore is affected by metastasis

first. For example, at the breast cancer, the signal
LN is usually one of the axillary LNs [7].

The detection of the way of lymphatic metas-
tasis is important for staging of the tumor pro-
cess, planning of surgery, marking the region of
RT irradiation, searching of undiagnosed prima-
ry tumor [4, 6, 7]. The method of indirect con-
trasting lymphangiography has been proposed
for sentinel LNs searching [6, 7]

Generally accepted methods of medical vi-
sualization (ultrasound, CT, MRI, radionuclide
diagnostics) are not able to identify the pres-
ence or absence of metastasis in LNs in the ear-
ly stages [7].

The sole reference method of diagnosis of
lymphatic metastasis is a biopsy of the signal
LN - a diagnostic surgery with removing a piece
of LN tissue for histological verification and as-
sessment of the prevalence of tumor process.

The biopsy can be performed instead of the
more time-consuming LN dissection. If the can-
cer 1s diagnosed at the dissection of the signal
LN, surgical removal of other LNs is necessary.

Purpose — to study the thermal topography of
the patient’s skin in the projections of the tumor
and regional LNs during RT.

Materials and methods

70 patients with various cancer type, stage
and location including larynx, tonsils, tongue —
25 patients, skin — 10, breast — 15, gastrointesti-
nal tract, lungs, bones — 20, were examined by
IR imaging method prior to treatment start and
weekly during RT [8, 9].

The study was carried out by IR imaging sys-
tem developed in LTPE of NAS of Ukraine [5].
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The system is based on FPA of uncooled (384
x 288) microbolometers. The base parameters of
the system are: spectral range of 8-14 microm-
eters, temperature sensitivity of 0.06 °C, spatial
resolution of 1 milliradian. The system features
the original software specialized for medical ap-
plication.

Results and discussion

Metastasis of the right hip joint and ilium at
undiagnosed primary tumor, T N M, (Fig. 1).
Numerous hyperthermal cords with the temper-
ature several degrees above the temperature of
the surrounding skin are observed on the thermal
image of patient’s pelvis. Hyperthermal region
(T, = 38.4°C) in the projection of metastasis is
associated with hyperthermal area in the projec-
tion of the sacrum and lumbar spine by hyper-
thermal cord.

The patient was assigned to RT by fraction-
ation method to the region of projection of me-
tastasis and to the symmetric region, the total
dose (TD) = 40 Gy, the daily dose (DD) = 2 Gy.
Three focuses of hyperthermia with abnormally
high temperatures of the skin, T__ = 38.0 °C,
37.9 °C and 37.3 °C, were detected at a detailed
study of the area in the projection of the sacrum
and lumbar spine (Fig. 2). Fig. 2c displays tem-
perature profiles in the direction perpendicular
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to hyperthermal cord connecting the presumed
primary tumor and the metastasis. Small hyper-
thermia (AT = 0,7 °C) due to radiation dermatitis
(Fig. 2a, b, c) is observed after 10 RT sessions in
the field of irradiation.

Comparison of both thermal images and tem-
perature profiles prior to treatment start and after
10 sessions of RT shows that the structure and
the temperature distribution of the initial foci of
hyperthermia and hyperthermia actual strands
have not changed much because of RT except for
a slight redistribution in the temperature of the
skin over the sacrum.

Metastasis of cancer in the neck right LNs
from the undiagnosed primary tumor, T N M ,
planocellular non-keratinizing cancer; the status:
after polychemotherapy (Fig.3). Fragments of
the frontal thermal images of the patient with ob-
served thermal cords emanating from the region
of the affected cervical lymph nodes, prior to RT
start and after a full course of RT, are demon-
strated in Fig.3.

The differences between the average tempera-
ture in the area with thermal cords, and the aver-
age temperature in symmetrical contralateral intact
area (both areas are indicated by white dotted rect-
angles) were: AT~2.2°C before the start of RT and
AT=2.5 °C after the end of RT. These areas were
not irradiated (radiation dermatitis is absent). It
should be noted that the number and position of the
cords have barely changed owing to RT.

Fig. 1. Patient A., 65 years old. X-ray of the pelvis bones and the thermal image of the skin surface
in the same position. Rectangles - irradiation field (16x16) cm?, arrows - localization of metastasis

and its projection on the skin.
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Fig. 2. Patient A. Dynamics of the termotopografy during radiotherapy: a) thermal images in a
single temperature scale, b) fragments of the thermal images, c) the temperature profiles (indicated
on fig. 2b of red arrows) across hyperthermal cord connecting the projection of the metastasis and
the projection of a possible primary foci of tumor growth.
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Fig. 3. Patient B., 68 years old. Thermal images of the thermal cords emanating from the affected
cervical LN (T N M ) prior to and after the full course of RT are shown. Under images are shown the
temperature profiles (along the black arrows on the images). The fields for quantitative analysis are

marked by the white rectangles.

Only a small positive dynamics has been noted
as a result of RT due to low radiosensitivity of the
tumor and large sizes of the lesion area. Observa-
tion of the thermal cords on the skin, which are
the thermal prints of the ways of lymph outflow,
revealed the immutability of their number and
position during RT.

It should be noted that the similar stability of hy-
perthermal cords was also observed in the case of
significant positive dynamics during the treatment.

Inguinal non-Hodgkin’s MALT-lymphoma
in III-B stage (Fig. 4). Two hyperthermal cords
with temperature exceeding the temperature of
the surrounding skin by AT>1.5 °C are observed
in the thermal images. The cords connect the af-
fected and intact inguinal LN.

After a course of RT (TD = 36 Gy), the tumor
diameter has reduced from 18 cm to 10 cm [9]
but the cords temperature remained unchanged,
as can be seen on the temperature profiles (in the

same temperature scale) across the cords prior
and after RT.

Examples of the thermal images with hy-
perthermal cords with temperature exceeding
the temperature of surrounding skin by more
than 1.5 °C (Fig. 5) are: squamous cell carcinoma
of the larynx T,N M, post tracheostomy, after
the end of RT (Fig. 5a); squamous cell carcino-
ma of the tongue T,N M, (Fig. 5b); cancer of the
forehead skin (T,N M) and squamous cell carci-
noma of the upper eyelid skin (T N M), 2 weeks
after the end of RT (Fig. 5¢).

The superfine hypothermal “hairs” with a tem-
perature difference between the “hairs” and sur-
rounding skin AT=-0,5 °C (Fig 5¢) presumably
are the skin projections of the expanded capillar-
ies in a state of stasis and spasm. The transverse
temperature profiles for each thermal image help
to estimate the temperature gradient of the cor-
responding thermal cords.

http://www.nbuv.gov.ua
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Prior to RT

Fig. 4. Patient B., 52 years old. The thermal images and corresponding temperature profiles in a
single temperature scale demonstrate the stability of the hyperthermal cords during RT.

2) b) c)

Fig. 5. Thermal images of the hyper- and hypothermal cords: a) cancer of the larynx T,NM  after
RT; b) tongue cancer T.N M, prior to RT; c) cancer T.N M, of the forehead skin and cancer T NM,
of the upper eyelid skin after RT.
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Fig. 6. Thermal images of the thermal cords on the skin of patients with malignant tumors of the

breast and axillary LNs.

Most often hyperthermal cords may be ob-
served in the thermal images of the malignant
tumors of breast (Fig. 6).

Conclusion

Within the concept of sentinel LN, thermal
topography of the skin in the projections of
the tumor and regional LNs have been studied
during RT. Using noninvasive thermal imaging
method, lymphatic metastasis can be identified
by hyperthermal cords on the skin connecting
the projections of the tumor and regional sentinel
LN. Hyperthermal cords correspond to lymph or
blood vessels; their identification and adequate
interpretation may facilitate the identification of
the sentinel LN, primary foci of tumor growth.
Most often hyperthermal cords are observed in
the thermal images of the malignant tumors of
breast. Observations of the dynamics of the ther-
mal cords on skin during RT showed that their
thermal characteristics and location remained
virtually unchanged as a result of irradiation,
even if there was a significant regression of the
tumor itself.
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IR IMAGING: IDENTIFICATION
OF REGIONAL METASTASIS

G.V. Shustakova, N.N. Kolotilov,
N.I. Glushchuk, E.Yu. Gordiyenko,
L.G. Miroshnichenko,

Yu.V. Fomenko, T.B. Shustakova

Purpose — to study the thermal topography of
skin in the projections of the tumor and regional
lymphatic nodes during radiotherapy.

Materials and methods. 70 patients with
various cancer type, stage and location were ex-
amined by IR imaging system prior to treatment
start and weekly during radiotherapy.

Conclusion. Using noninvasive IR imaging
method, lymphatic metastasis can be identified
by thermal cords on the skin connecting the pro-
jections of the tumor and regional sentinel lymph
node. Adequate interpretation of the thermal
cords may facilitate the identification of the sen-
tinel LN, primary foci of tumor growth. Observa-
tions of the dynamics of thermal cords during RT
showed invariability of their position and thermal
characteristics at irradiation, even if there was a
significant regression of the tumor itself.

Keywords: Infrared thermal imaging, radio-
therapy, lymphatic metastasis.

JTUCTAHLUINHA ITHOPAYEPBOHA
TEPMOT PA®IS:
INEHTU®IKALIS PETTOHAJILHOTO
METACTA3YBAHHS

I'B. lllycmakoea, M.M. Konomunos,
M. I.Iywyx, E.FO. I'opoienko,
JI.I. Mipownuuenxo, FO.B. @omenxo,
T'b. Illycmaxosa

MeTta — BUBYUTHU TE€pMOTONOrpadiro MIKips-
HHUX TIOKPUBIB B MPOEKIIii MyXJHHU 1 perioHalb-
HUX JIMQaATUYHUX BY3JiB B IPOIeCi MPOMEHEBOT
Teparii.

Marepiaau Ta MeToau. 70 mami€eHTiB 3 pi3HU-
MU CTaAiAMHU 1 JIOKaIi3aligsMi MyXJIUH Oynu Tep-
MorpadoBaHi 10 MOYATKY JIKyBaHHS 1 IIOTHXKHS
IpOTSTOM MPOMEHEBOI Teparmii.

BucnoBku. JlimpatuuHe MeTacTa3zyBaHHS
MOe OyTH BUSBJICHO HEIHBAa3UBHUM TEILIOBI31H-
HUM METOJOM IO TEIJIOBUM «TshKaM» Ha LIKipi,
K1 TIO€IHYIOTh NMPOEKIIl MyXJIUHU 1 perioHajb-
HOTO CTOPOXOBOTO JiMparuuHoro By3na. Bu-
SBJICHHS 1 TpaBUJIbHA IHTEpPIpETalis TEIJIOBUX
TSDKIB JI03BOJISIE iIEHTH(IKYBaTH J030pHI JTiMpO-
BY3JIY 1 IEPBUHHI OCEPEIKHU 3pOCTAHHS MyXJIUHU.
CnocTepexeHHs 3a AMHAMIKOIO TEIJIOBUX TAXKIB
BHACIIIOK OMPOMIHEHHS MOKa3alu BiICYTHICTh
3MiH iX JoKami3amii i TeMIOBUX XapaKTEPUCTHK,
HaBITh NPH 3HAYHIN perpecii caMoi MyXJIuHHU.

Kawuosi caoBa: Tepmorpadisi, mpomeHeBa
Teparis, JiMmpaTuuyHe METacTa3yBaHHS.

JUCTAHIOUOHHASA
NH®PAKPACHASA TEPMOI'PA®UA:
NAEHTUHOUKALNUA PETUOHAJIBHOT'O
METACTA3UPOBAHUA

I'B. lllycmakoea, H.H. Konomunos,
H.U.Tnywyx, 2.10. I'opouenko,
JI.I. Mupownuuenxo, FO.B. @omenko,
T'b. Illlycmaxoea

Heab — n3yuntsh TepMOTONOrpaUuI0 KOKHBIX
IIOKPOBOB B NPOEKIUU OIyXOJIU U PETHOHAPHBIX
auM@daTHdecKuxX y3JI0B B Ipolecce JTy4eBOl Te-
panuu.

Martepuansl u MeToAbl. 70 IalIUEHTOB C pas-
JUYHBIMM CTAJHUSIMHU U JOKAJIU3ALUUSIMU OIMYyXO-
e Oblmu TepMmorpadupoBaHbl 0 Hadana Jieue-
HUSI ¥ €KEHEAEIBbHO BO BpEeMs JIy4€BOM Tepaluu.

BeiBoabl. Jlumdarnueckoe MeTacTasmpoBa-
HUE MOXXET OBITh BBISIBICHO HEMHBA3UBHBIM Te-
IJIOBU3MOHHBIM METOJIOM IO TEMJIOBBIM «TsHKaM»
Ha KOXE, COCIMHAIOIMNM IPOCKIUHA ONYyXOJIH H
PErHOHAJIBbHOTO CTOPOXKEBOTO JUM(ATHUYECKOTO
y3J1a. BeisiBieHUEe U IpaBUiabHas UHTEPIPETALUA
TEIJIOBBIX TsKEH MO3BOJISET UACHTU(DUIIUPOBATH
CTOpOXEBbIe JUM(POY3JIbl U IMEPBUYHBIE OYaru
pocta onyxonu. HabnroaeHus 3a AMHaAMUKOM Te-
IJIOBBIX TSXKEW BO mpolecce 00ydeHus rnmokasa-
JU OTCYTCTBHE U3MEHCHHUW MX IOJIOKEHHS U Te-
IIJIOBBIX XapaKTEPUCTUK B Ja)Ke NPHU 3HAYUTEIb-
HOM perpeccuu caMou OIyXOJIH.

Kuaruessbie caoBa: TemnoBunenue, nydenas
Tepanus, TMM(aTHIecKoe METaCTa3upPOBAHHUS.
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