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Monitoring of discase dynamics and treat-
ment efficiency 1s important application of
thermal infrarcd (IR) imaging in medicine [2].
Duc to non-invasive, patient-friendly and cost-
effective approach, thcrmal cxamination can be
carried out as often as ncccssary over patient
treaiment. The IR 1maging i1s a remote method
of functional analysis. The additional but very
signilicant clinical information, inaccessible to
other medical methods of visualization, can be
received from patient’s external temperature dis-
tribution. In this case, pathophysiological-based
understanding of thermograms (thermal IR im-
ages) i1s nccessary for informative interpretation
of the monitoring results.

Purpose — to prescnt the results of the mea-
surement of thermal paramcters of human skin
surface in the projection of lymphomas and mcta-
static lymph nodes (LN) in patients treatcd with
radiotherapy (RT).

Material and methods

Gamma-therapeutic devices Rokus-M and
Theratron Elite-80 were used for RT in accor-
dance with the standard course of fractionation: 4
five-day cycles of daily exposurc (2-day weekend
- without irradiation), daily dosc (DD) » (2+3)
Gy, the total dosec (TD) » 40 Gy. Eight patients
(4 — with lymphomas and 4 - with metastatic le-
sions of LN} were examined by thermal IR im-
aging system prior to treaiment start and weekly
during RT (5 IR sessions).

The grade of oral mucositis (OM) and dermati-
tis (D) caused by radiation for patients with head/
neck cancer, and the grade of D for patients with
other tumor localization, were estimated visually
on rclevant clinical symptoms just before each
IR-session. In accordance with standard scale

[6], th¢ OM and D grades were evaluated as in-
teger valucs 0 ... 4, where OM (0) and D (0) cor-
respond to complete absence of relevant symp-
toms, and OM (4) and M (4) indicate maximum
damage of mucosa and skin (interruption of RT).

Thermal survey of patients was carried oul
with the thcrmal IR imaging system developed
and produccd in LTPE of NAS of Ukraine. The
device bascd on uncooled 384 x 288 pixels fo-
cal-planc array features spectral range of 8-14
micromcters, temperature sensitivity ol 0.06 °C,
spatial resolution of | milliradian, and an original
softwarc package specialized for medical appli-
cation [3].

The possibility of tumor detection by thermal
IR imaging method was dctermined using the cri-
terion of thermal symmetry [S] prior to treatment
start (IR session #0). To quantify the changes in
the intensity of thermal radiation from skin sur-
face, the relative temperature scale (comparing
to a reference temperature) was uscd. The area
with the reference temperature was selected indi-
vidually for each patient, taking into account the
tumor localization. The reference arca remained
unchanged during subsequent monitoring of the
particular paticnt,

Results and discussion

The thermograms of thc head/neck of patient
A (52 vyears) prior to treatment start are shown
in Fig.1. Diagnosis: metastasis of cancer in con-
glomerate of right cervical LN from undiagnosed
primary tumor (T N M)). Histology: planocel-
lular non-keratinizing cancer; the status: after
polychemotherapy (PCT). The zone of irradia-
tion (10x12) ¢m? is marked by a black rectan-
gular on the thermogram; black spot - bandage
after biopsy.
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Fig. 1. Lateral thermograms of patient’s head/neck prior to RT: the thermogram with thermal im-
print on the skin of conglomerate of the right cervical LN with metastasis (4); the thermogram of the
projection of the left intact LN (B).

The dynamics of the anomalous thermal ficld  than reference temperature (average temperature
on the skin taken during RT is illustrated in ther-  over the eyes’ medial angle spot [1, 4]).
mograms of patient A (Fig.2). The red regions The lateral thermograms of patient A with
correspond to a temperature equal to or higher  marked areas of interest arc shown on Fig 3

Prior to RT after 1 week of RT after 4% week of RT

Fig. 2. Dvramics during RT of anomalous thermal field in relative scale,
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Fig. 3. Dynamics of patient A’s skin surface temperature during RI: thermograms with marked ar-
cas of inferest (A), the changes of average relative temperatures in areas of interest (B).

(A). The area of interest in the projection of the
amazed LN coincided with the zone of irradia-
tion (minus the region of the bandage) is out-
lined on the image with red line; contrajateral
symmetrical arca of intercst in the projection of
the intact LN is contourcd with bluc line on an-
other lateral image.

The changes ol the average relative tempera-
ture on the skin surface in each arca of mtercst
detected during RT arc presented in Fig. 3 (B)
with the curves of the corresponding color.

One can assume that blue curve reflects the
development of OM, and the red curve reflects
the superposition of changes in OM, D and own
tempcrature of the amazed LN conglomerate.
The behavior of the skin surface lemperature,
causced by the development of OM (bluc curve)
is typical for irradiated hcad/neck tumors (ex-
ccss skin temperature caused by the develop-
ment of D behaves similarly [1]). Contrariwise,
the total skin temperature in projection of the
amazed LN decreascd at the initial stage of RT
{(first week of RT).

Comparing the changes in temperatures in
symmetrical areas of interesi and taking nto ac-
count the dynamics of OM and D of patlient A
(see table), we can assume the presence of simul-
taneous processes: (i) decreasing of the internal
temperature of the LN with metastasis thanks to
the treatment (which reduccs the temperature of
its thermal imprint on the skin), and (i1} increas-
ing of the skin temperature caused by mucositis
and dermatitis. (In the table: *- residual mucositis
caused by the prior PCT.)

Clinical examination ol this patient after RT
showed a small positive dynamics becausc of low

radiosensitivity of the tumor and the vasiness of
lesion. Further treatment tactics is PCT.

Table.
_Grade of OM and D of patient A during RT.
Tox_ic TIR session (week of RT) number
reaction
grade | O (priorto RT) | 1 2 3 4
OM 1% 2 3 3 3
D 0 1 2133

A similar behavior of anomalous thermal
fields on the skin surface in projcction of the tu-
mor can be seen at lymphomas. The thermal im-
age of inguinal arca prior 1o RT start in paticnt
B (52 ycars) with diagnosis: inguinal non-Hodg-
kin’s MALT lymphoma in llI-stage is shown on
Fig.4 (A). The paticnt underwent a coursc of RT
of right inguinal-femoral-iliac LN (DD » 2 Gy,
TD » 36 Gy). The irradiation zone (20x20) cm?
coincides with area of interest (the black square
on the imagc). Fig.4 (B) — thermal imprint of the
lymphoma in dctails.

At this tumor localization, to quantify the tem-
perature changes of the thermal imprint of lym-
phoma, the scale of relative temperatures is formed
using the criterion of thermal symmetry. The dif-
ference between the average temperature of the
area of interest (20x20) cm?, and the temperature
of equal symmetrical contralateral healthy region,
was calculated for each IR session. In this casc,
there is a significant decrcase in the rclative tem-
perature (» 2.5° C) during the first 2 weeks of RT,
that can be explained by a dccrease of the internal
temperature and the volume of lymphoma. Then,
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Fig. 4. TIR study of the non-Hodgkin's MALT lvmphoma during RT: the frontal thermogram of
inguinal area prior to RT start with marked area of interest (A); an enlarged thermal imprint on
the skin of lymphoma prior to RT stari (B); the temperature along symmetrical lines running from
fop to bottom across the projection of lymphoma and healthy contralateral region (C); the changes
of average relative temperature in area of interest (D).

a slight increase in the relative temperature caused
by mild dermatitis, occurs (» 0,5 °C). The grade of
dermatitis from IR-session to session is: D (0, 1,
2,2, 2). As a result of RT, the positive dynamics
was noted: a partial regression of the tumor (from
diameter 18 cm to 10 cm). The tactics of further
treatment is PCT.

Fig 5 shows the change during RT of average
relative temperature in the area of interest in pro-

A) Prior to

jection of the right subclavian LN in patient C (37
years) with the diagnosis: medullary carcinoma
of the right breast (T,N M ); the status - after the
radical mastectomy. The postoperative course of
RT was carried out to the armpit region: DD = 2
Gy, TD = 40 Gy, irradiated zone - {(8x12) cm?, and
to the subclavian region: DD=2 Gy, TD= 42 Gy;
irradiated zone - (9x12) cm®. The temperature
relative scale was formed by the criterion of ther-

Relative temperature,

Week number of RT

B)

Fig. 5. TIR study of subclavian LN: The thermograms of patient C prior to and after RT with a marked
area of interest (A), the change of the average relative temperature in the area of interest during RT.
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mal symmetry. The thermograms prior to RT start
and after RT finish with marked area of interest
are shown in the Fig 5 (A). The dynamics of av-
crage relative temperature in the arca of interest
{subclavian region) is similar to the examples
rcpresented above (Fig 5 (B)).

Conclusion

As a result, decrease of the temperaturc of
the skin surface in projection of tumor or in-
jured LN at the first stage of RT (1...2 weeks)
and the subsequent increasing of the tempera-
ture during the second half of the trecatment was
observed in 3 patients with lymphomas and in
4 patients with metastatic LN. L.arge B-cell non
Hodgkin’s lymphoma of palatine tonsil in 8-th
patient of the group under study was not dctect-
ed by thermal IR imaging method prior to RT
start. In this case, the dynamics of the abnormal
thermal field on the skin surface of paticnt’s
head/neck reflects only the development of OM
and D caused by RT.

Thus, the presence of two simultancous pro-
cesses could be supposed. There arc: (1) a decrease
in the temperature of the skin surface in projec-
tion of tumor or mctastatic LN due to dccrcasc
of their own tempcrature caused by destructive
effect of RT; and (ii) increase in the skin surface
temperature due to the local post-radiation hyper-
emia development.

The studyv was supported by the National Acad-

emy of Sciences of Ukraine in the framework of

research project "“"Development of the IR imag-
ing system for medical application and thermal
imaging methods for quantitative analysis of the
dvnamics of anomalous human thermal field”
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THERMAL TOPOGRAPHY
OF METASTATIC LYMPH NODES
AND LYMPHOMAS
DURING RADIOTHERAPY

G. V. Shustakova, N.1. Glushchuk,
E. Yu. Gordiyenko, G.S. Yefimova,
L.G. Miroshrnichemio, N.N. Kolotiloy,
Yu. V.Fomenko

Purpose — to resent preliminary results of the
temperaturc mapping of the skin areas situated
over the lymphomas and metastatic lymph nodes
in patients trcated with radiotherapy (RT).

Materials and mecthods. Eight patients with
the lymphomas and mectastatic lymph nodes have
been studied by thermal infrared (IR) imaging
method during the RT. The survey of patients was
carried out with an IR imaging system based on
uncooled 384 x 288 pixel focal-plane array. The
IR systcm features the spectral range of 8-14 pm,
the tempcrature sensitivity of 0.06 °C, the spa-
tial resolution of 1 milliradian, and an original
softwarc package specialized [or the medical ap-
plication.

Conclusion. The results of the quantitative
anatysis of the thermograms can be explained by
the presence of two simultaneous processes: (i) a
decrease in the internal temperaturc of the tumor
or metastatic LN caused by the destructive ef-
fect of RT; and (ii) an increase in the skin surface
temperature due to the devclopment of local toxic
reactions (dermatitis and mucosilis).

Keywords: Infrared imaging, radiotherapy,
lymph node, lymphoma.
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