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Pedrepar: Y poboTi npeactaBneHo MOXIMBOCTI iHTpaonepauiiHOro BUKOPUCTaHHSI iHpavyepBOHOi Tepmorpadii 3 MeTow
Bidyanisauii po3noginy TemnepaTypu 30BHILUHLOI NMOBEPXHiI OKa MiA4 4Yac KpiogecTpyKuii MyxmnuMH KOH'IOHKTUBW 3 NoKanisauieto B 30Hi
uuniapHoro Tina Ans BU3HAYeHHS iHOMBIAYanbHOIO pPexuMy 3amopoxyBaHHS. IHdpadepBoHa (1Y) Tepmorpacpis 3ainicHioBanaca 3a
[0MOMOrol0 MOPTaTMBHOMO NPUCTPOID B PEXMMI pearibHOro yacy. BisyanidyBanucs Tennosi nonsi, peectpyBaBCcs Yac OXOMOMXKEHHS Ta
BifirpiBy CTPYKTYp 30BHILUHLOI MOBEPXHi OKa HABKOSIO 30HU 3aMOPOXYBaHHS!, BKIOYHO 3 POroBot 06OMoHkow. BusisneHo, wo iHTpa-
onepauinHa |4 Tepmorpadis nig Yac kpiogecTpykuii enibynbGapHMX NyxnuH, pPO3TalloBaHMX Y MPOEKLii umniapHoro Tina, 403BOnNsie
B PEXMMi peanbHOro Yacy HeiHBa3MBHO BidyanidyBaT AUHaMiKy TeMnepaTypHMX MomiB HABKOMO 30HWM 3aMOpoXyBaHHs. Lle moxe 6yTtu
BMKOpUCTaHe Anst BUGopy iHAMBIAyanbHOI eKCro3uLii OXONMOMKEHHSI 3 METOK 3HWXKEHHSI PU3MKIB YCKMaAHEHb LUMSIXOM YHUKHEHHS
HaAMMLLIKOBOrO OXOMNOMKEHHS BHYTPILUHbOOYHUX CTPYKTYp. Takox Bu3HadveHo, wo |4 Tepmorpacpis 403BONSE OUHUTK iHAMBIQYanbHY
OvHaMiky BigirpiBy TKaHWH OYHOro sibnyka OO0 BMXIQHOTO CTaHy 3a HeobXigHOCTI NPOBEAEHHS MOBTOPHOMO LIMKMY KpiogecTpykuii nyx-
NNHW.

KnrouyoBi cnoBa: enibynsbapHa nyxnuHa, KpiogecTpykuisi, iHdpadyepBoHa Tepmorpadisi, LmniapHe Tino.

Abstract: The paper presents the possibilities of intraoperative use of infrared (IR) thermography to image the temperature
distribution of the outer ocular surface during cryodestruction of conjunctival tumours with localization in the ciliary body projection
to determine an individual freezing regimen. IR thermography was carried out using a portable device for infrared real-time thermo-
graphy. Thermal fields were visualized, and the duration of cooling and warming of the structures of the outer ocular surface around
the area of freezing, including the cornea, were recorded. It was found that intraoperative IR thermography during cryodestruction
of epibulbar tumours in the projection of the ciliary body allows real-time non-invasive imaging of the temperature field dynamics
around the freezing zone, which can be used to select individual cooling exposure to reduce the risk of complications by avoiding
excessive cooling of intraocular structures. It was also determined that IR thermography makes it possible to assess the individual
dynamics of rewarming of the ocular tissues to the initial level if a repeated cycle of tumour cryodestruction is necessary.

Key words: epibulbar tumour, cryodestruction, infrared thermography, ciliary body.

Ha nmaHnit wac omHuM i3 €(hEKTHBHUX METOIIB
JKyBaHHS ITyXJIMH KOH IOHKTUBU € KPIOAECTPYKITis,
TICIISE 3aCTOCYBaHHS SKOT BiJ]3HAYAETHCS HU3bKA Yac-
TOTa BUHUKHEHHS PELMIMBY HOBOYTBOPEHBL [3, 5,
13]. KpiogecTpykKiisi yCHilTHO 3aCTOCOBYETHCS SIK
CaMOCTIMHUI MeTOn JiKyBaHHA, TaK 1 y KoMmOiHamii
3 iHmuMu Metoxamu [2, 10, 12]. V psaai Bunaakis
micns KpioTeparmii mpH JioKajdizamii MyXJIMHA B Me-
JKax IWIIapHOTO Tijga, JimM0a, mepudepii poriBKu
MOXYTh CIIOCTEpITaTHCh YCKIAAHCHHS (KepaTHT,
IpUT, IPUIOIMKIIT, YBEiT 3 MOmANBIIOI aedopMa-
ITI€F0 31HUIT), SAKI 3yMOBJICHI TEPEBAKHO BETHIHMHOIO
eKCITO3UIIIi KpPIiOBIUIUBY. TakuM YHHOM, Yy IIpoIeci
KpIOMECTPYKIlli IMyXJIMHA OyIb-AKO1 JIOKaJi3aril
BaXJIMBO 3HATHU CKCITO3UINI0 3aMOpPOKYBaHHS TKa-
HUH [2, 21]. Bona 3anexuts Big 6aratbox (aktopis,
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Currently, one of the effective treatments of
conjunctival tumors is cryodestruction, after the use
of which there is a low recurrence rate of neoplasms
[3, 5, 13]. Cryodestruction is successfully used both
as an independent treatment and in combination
with other methods [1, 10, 12]. In a number of
cases, after cryotherapy, when the tumor is localized
within the ciliary body, limbus, and the periphery of
the cornea, complications (keratitis, iritis, irido-
cyclitis, uveitis with subsequent deformation of the
pupil) may be observed, mainly caused by the amount
of cryoexposure. Thus, during cryodestruction
of a tumor of any localization, it is important to
know the exposure of tissue freezing [1, 21]. It
depends on many factors, mainly on the type of

growth, size and localization of tumor.
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B OCHOBHOMY Bifl THUIy POCTY, PO3Mipy Ta JIOKasi-
3aIlii My XJIMHY.

VY mpomneci kpiogectpykuii eniOynp0apHOi myx-
JIUHW TIOBHOITIHHO BHUKOHATH TPSIMHHA BUMIp 3MiH
TeMIiepaTypy ii TKaHWHH 1 OCOOIMBO TPHIIETIIHX
TKaHWH TPAKTUIHO CKJIAAHO Ta Hebe3medno [4],
e oOMexye miadip IHAMBIAYyaJIbHOI EKCIIO3HUINT
JiKyBaJibHOTO BIUIMBY. [H(padepBona (I4) Tepmo-
rpadis TO3BOJISE B PEKUMI PEaTPHOTO Yacy HEiHBa-
3MBHO OTPHMAaTd 300paXEHHS TeMIIEPaTypHUX IIO-
JiB y NOBEPXHEBUX TKAHWHAX OpPraHi3My B CTaTHIIi
Ta auHamini JikyBaHHs [20]. IloBimomisieTbes mpo
iHTpaonepariiine BukopuctaHua [Y-tepmorpadii
B KapIioxXipyprii IJii MOHITOPUHTY TEIJIOBUX IIa-
paMeTpiB omepauifHOro Mmojsl B XOAi XipypriyHHX
BTpy4Yanb [7]. B odranbpmororii MOHITOPUHT TeM-
Teparypu TIOBEPXHI POTIBKH 3aCTOCOBYETBHCS IS
OIIHKY HarpiBaHHS POTIBKM IMJ 9ac pedpakiiitaol
Xipyprii 3 BUKOPUCTAHHSIM E€KCiIMEpHOTO jazepa [6].
IadpauepBona tepmorpadis Moxe OyTH KOPHUCHOIO
JUTSI CTIOCTEPE)KCHHS 3a TAIliEHTaMH, SKi TepeHec-
JU TPaHCIUIAHTALI0 POTIBKH, 3 METOI PaHHBOTO
BUSIBIICHHSI BIATOPTHEHHS TpaHcIutaHTara [14], a ta-
KOX s KOHTpomo (yHKUii QinsTpaunidHoi mo-
OyIWIKK Yy TALi€HTIB 3 IIayKOMOIO y THicisonepa-
uitHoMy mepiomi [9].

Cyuacni mpuctpoi ans [Y-tepmorpadii cramm
OUTBIII JTOCTYITHUMH 1 TPOCTAUMH B EKCIUTyararfil.
Po3pobneno kommaktHi npuctpoi g [Y-tepmo-
rpadii, sAKi MIAKIIOYalOThCS 10 cMaprdoHa, Ta
CrieIliajTbHe TpPOrpaMHe 3a0C3MEYCHHS MJIs HUX.
TexHigHI XapaKTEPUCTUKHA ITMX TPHUCTPOIB HAIOTh
MO>XKJTUBICTD IIBHUIKO 1 TOYHO B PEKHUMI PEaTLHOTO
qacy 3apeecTpyBaTH i Bizyani3yBaTd Ha €KpaHi cMapT-
(hoHa PO3MOMIN TEIUIOBHX IOJIB HA MOBEPXHi 00’ €K-
Ta, MO JOCTIKYETHCS, 1 BU3HAYUTU TEMIIEPATYpy
B Oynb-sIKill TOYLl AOCHIIKyBaHOI 30HH. Y JiTepa-
Typli € MOBIIOMJICGHHS NPO BUKOPHUCTaHHS TaKHUX
KOMIAaKTHUX MpucTpoiB mist [Y-tepmorpadii B me-
muruHl. Tak, TpOIEeMOHCTPOBAHO YCIIITHE 3aCTO-
cyBaHHs mnpucTporo i IU-tepmorpadii, skui
MIIKITIOYAEThCST 10 cMapTdoHA, 3 METOI0 OIHKH
CyOKITIHIYHOTO 3amajeHHs Yy BUIAIKy BUHUKHCHHS
TIPOJICKHIB, PO3BUTKY MiabeTHIHOI cTOnK abo cTaHy
OTIiKOBOI TTOBepxHi [8, 16].

Mu mpumyckaemo, L0 IHTpaonepauiliHe BU-
kopuctanas [Y-tepmorpacdii B mpoueci Kpioxe-
CTpyKUii emiOynb0apHUX MyXJIMH, PO3TAIIOBAHUX
y TPOEKLii LUIiapHOTO TiNla, IO3BOJHUTH HEiHBa-
3MBHO OLHIOBATH iHAWBIAyalbHY IUHAMIKy pO3-
MOALTY TeMIIEpaTypy MOBEPXHEBUX TKAHUH HABKOJIO
30HM 3aMOpPOXKYBaHHs. 3HaHHSA JK TeMIIepaTypHHUX
TPali€HTIB B 30HI 3aMOpPOKYBaHHS emiOyan0apHOl
NyXJIMHA 3a0e3MeUnuTh BHOIP ONTHUMAJIBHOI EKC-
MO3UIlii KpIOBIUIMBY (3TiMHO 3 NPHWHIMIIAMH a0-

During cryodestruction of an epibulbar tumor,
it is practically difficult and dangerous to directly
measure changes in the temperature of its tissue
and especially adjacent tissues [4], this limits the
selection of individual exposure to the therapeutic
effect. Infrared (IR) thermography allows non-
invasive real-time imaging of temperature fields
in the surface tissues of the human body during
static and dynamic treatment [20]. It is reported
on the intra-operative use of IR thermography in
cardiac surgery to monitor the thermal parameters
of the operating field during surgical interven-
tions [7]. In ophthalmology, corneal surface tem-
perature monitoring is used to assess corneal heating
during refractive surgery using an excimer laser
[6]. Infrared thermography may be useful for mo-
nitoring comneal transplant patients for early detec-
tion of graft rejection [14] and for monitoring filter
bleb function in glaucoma patients postoperatively [9].

Modern devices for IR thermography have
become more accessible and easy to use. Compact
devices for IR thermography that connect to a
smartphone and special software for them have
been developed. The technical characteristics
of these devices make it possible to quickly and
accurately in real time register and visualize the
distribution of thermal fields on the object surface
under study on the smartphone screen and deter-
mine the temperature at any point of the inves-
tigated area. There are published reports about
the use of such compact devices for IR thermo-
graphy in medicine. Thus, the successful use of
an IR thermography device that connects to a
smartphone has been demonstrated for assessing
subclinical inflammation in the case of pressure
ulcers, the development of a diabetic foot, or the
burn surface condition [8, 16].

We assume that the intra-operative use of IR
thermography during cryodestruction of epibulbar
tumors located in the ciliary body projection
will allow non-invasive assessment of the individual
dynamics of temperature distribution of surface
tissues around the freezing zone. Knowledge of
the temperature gradients in the freezing zone
of the epibulbar tumor will ensure the selection
of the optimal cryoexposure (according to the ab-
lastics principles), which will prevent excessive
cooling of the adjacent tissues and thereby ensure
a reduction in the frequency of complications and
improve treatment results.

The research purpose was to study the pos-
sibilities of intra-operative infrared thermography
of the ocular outer surface during cryodestruction
of conjunctival tumors localized in the ciliary body
projection to determine the freezing mode.
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JACTHKH), M0 JO3BOJIUTH 3alo0irTé HaIAMIpHO-
My OXOJIOJDKCHHIO MPWICTINX TKAaHWUH 1 THM CaMUM
3a0€3MeUnTh 3HIDKEHHS 4YacTOTH YCKJIaJHEHb Ta
MOKPAIIUTh PEe3YJIbTATH JIIKyBaHHSI.

Mera po6oTH — BHUBYCHHS MOXJIMBOCTEH IHTpa-
omepariiHoi iH(pauepBoHOi Tepmorpadii 30BHilII-
HBOI TIOBEPXHI OKa B TMPOIIECI KPiOAECTPYKITi MyX-
JIMH KOH IOHKTHBH 3 JIOKQTI3aIli€l0 B 30HI ITWJIiap-
HOTO TiNla Uil BU3HAYCHHS PEXUMY 3aMOPOXKYBaH-
HSL

Marepiajau Ta MeTOIH

[IpoBenenHs mociiKeHHs OyJIO CXBajJCHO KOMi-
tetoM 3 Oioetnku JIY «lHCTHTYT OYHHMX XBOpPOO
Ta TKaHuHHOI Tepamii im. B.II. ®dimarosa HAMH
Ykpainny.

VYei mamierTr mignucanw iH(QOPMOBaHY 3TOMY.
[Tix HammM ciocTepekeHHsIM 3HaxomuiIocs 30 XBo-
pux (30 odelt — y KOXKHOTO XBOPOTO MPOBOAMIOCH
JIIKyBaHHS OIHOTO OKa), SKNM BHUKOHYBaJIH Kpio-
JNCCTPYKIIO emiOyTp0apHUX 3JIOSKICHUX 1 JT00po-
AKICHUX MyXJIMH (MenaHoma-12, MIOCKOKIIITHHHA
KapIMHOMa-8, HCIUIa3is-S, marmijioMa-3, TeMaHrio-
eHjioTenioMa- 1, remanrionepiuroma-1).

Bcim marientam quis  Bisyamizamii  MEX  IyX-
JUHA T4 OWIHKA PO3MIpIB CTPYKTYp LHIiapHOTO
Tija BuKkoHyBanack [Y-nmiadanockomis [17, 19].

KpiogecTpykmiro 3miiiCHIOBAIN OPHUTiHAIEHAM
MEIUYHUM TIPUCTPOEM, BUKOHAHMM Ha OCHOBi Oa-
JIOHHOI  JPOCENBHOT  MIKPOKPIOTEHHOI  CHCTEMH
3TiHO 3 aBTOPCHKUM cBimontBoM CPCP Ne 540112
Bim 25.12.1976 p. Ilim ywac BUKOPHUCTAHHS JaHOI
CHUCTEMH TemrepaTypa po0Oodoi IOBEpXHI Kpio-
arikaTopa 3aJeKWUTh BiJ BEIMYUHU THUCKY Tazy
B 0OajoHi i 3HaxomuThesa B Mexkax —120...—90°C [1].
MerToauka mpoBeACHHS KpioAecTpyKii 3a0e3medy-
Baja CTaOIMBHICTH MpoLECy 3aMOpoXXyBaHHA. Ekc-
MO3MLIs 3anexalna Bif 00’eMy TKaHMHHU ITyXJIHHH,
ii mokamizamii, po3MipiB PoOOYOro HAKOHEUHHKA
KpIOIHCTPYMEHTa 1 THCKY XOJIOJOAareHTy. Y BHITaJI-
Kax MEJaHOMH KOH IOHKTHBH BHKOHYBaJHd [IBa
LIUKIIN 3aMOPO)KYBaHHS-BITaBaHHSI.

VY BcCiX BHIIaIKax iHTPAOICPAIliiiHO MPOBOIWIH
IY-Ttepmorpadiro 30HH 3aMOPOXKYBaHHS B PEKHUMI
peansHOTO Wacy. [y Bisyaumizarlii TEIJIOBHX IIOJIB
Ta OE3KOHTAaKTHOTO BHMIPIOBaHHS TeMIIEpaTypu
30BHIIIHBOI TOBEPXHi POTIBKM BHKOPHCTOBYBAJIH
komnaktHuil [Y-tepmorpad «FLIR ONE» (FLIR
Systems, Inc., CIIIA) 3 [Y-ceHcopoM, YyTIHBUM Yy
niana3zoHi AoBXUH XBUIb 8—14 mkwm [18]. Ilpuctpiit
JIO3BOJISIE TIPOBOAWTH BUMIPIOBAHHS B Jliama3oHi
temmepatyp Big —20 mo 120°C. PosminmpHa 31at-
HicTh TepMmorpada cranoButs = 0,1°C, a po3mimpHa
3IaTHICTh 3apPEECTPOBAHOTO TEIIOBOTO Bimeo300pa-
xkeaHss — 160 x 120 mikcemiB. Y mpuctpiii BOYy-
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Materials and methods

The study was approved by the bioethics
committee of the State Institution ‘Filatov Institute
of Eye Diseases and Tissue Therapy of the National
Academy of Medical Sciences of Ukraine’.

All patients signed an informed consent.
We monitored 30 patients (30 eyes, one eye
was treated for each patient) who underwent
cryodestruction of epibulbar malignant and benign
tumors (melanoma-12, squamous cell carcinoma-8,
dysplasia-5, papilloma-3, hemangioendothelioma-1,
hemangiopericytoma -1).

All patients underwent IR diaphanoscopy [17,
19] to visualize tumor boundaries and assess the
size of ciliary body structures.

Cryodestruction was carried out with an
original medical device based on a balloon-throttle
microcryogenic system in accordance with USSR
copyright certificate No. 540112 dated December
25, 1976. When using this system, the temperature
of the working surface of the cryoapplicator de-
pends on the gas pressure in the balloon and is
within —120...-90°C [2]. The cryodestruction tech-
nique ensured the stability of freezing process.
The exposure depended on the volume of the
tumor tissue, its localization, the size of the cryo-
instrument working tip and the pressure of the
refrigerant. For conjunctival melanoma, two freeze-
thaw cycles were performed.

In all cases, real-time infrared thermography
of the freezing zone was performed intra-opera-
tively. A compact IR thermograph ‘FLIR ONE’
(FLIR Systems, Inc., USA) with an IR sensor sen-
sitive in the 8-14 pum wavelength range was used
to visualize thermal fields and non-contact tem-
perature measurement of the cornea outer surface
[18]. The device allows measurements in the
temperature range from —20 to 120°C. The resolution
of the thermograph is + 0.1°C, and the one of the
registered thermal video image is 160x120 pixels.
A digital video camera is built into the device,
that allows photo and video recording of the
investigated structures in the visible range of the
spectrum at the same time as obtaining an IR image.
The ‘FLIR ONE’ device is connected to Android
and i0S smartphones and tablets. The resulting
images are displayed on the screen of a smart-
phone or tablet. Due to the built-in battery, the
autonomy of the device is achieved. Although
the range of measured temperatures of the de-
vice does not allow an objective assessment of the
temperature directly in the cryodestruction zone,
the dynamics of temperature fields around the
freezing zone (changes in the temperature field of
the cornea due to hypothermia of adjacent tissues)
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noBaHa 1MdpoBa Bigeokamepa, SKa  JO3BOISE
MPOBOAUTH (OTO- Ta BiJEOPEECTPALIIO JOCHIIKY-
BaHUX CTPYKTYp Y BHOMMOMY [iana3oHi CIIEKTpa
omHOYacHO 3 oTpuMaHHsIM [Y-300paxenus. Ilpu-
ctpiii «FLIR ONE» miakito4aroTs 10 cMapT(OHIB Ta
mwianmeTie cucteM Android Ta 10S. Otpumani
300pakKCHHsI BUBOIATHCS Ha eKkpaH cMaprdoHa abo
IJIaHIIeTa. 3a paxyHOK BOYIOBAaHOTO aKyMYJISITO-
pa IOCATAEThCS ABTOHOMHICTH POOOTH TIPHUCTPOIO.
Xoua pgiama3oH BHMIpIOBaHUX TEMIIEpPaTyp NpHUCT-
pol0 He [03BONAE€ 00 €KTHBHO OLIHUTH TEMIIe-
parypy Oe3mocepeqHbO B 30HI KpioAecCTpyKIIii,
IUHAMIKY TeMIIepaTypHHUX IOJiB HaBKOJIO 30HU 3a-
MOPOXKYBaHHSI (3MiHM TEMIIEPAaTypHOTO IOl PO-
TiBKM BHACHIJOK IEPEOXOJIOMKCHHS TPHIIETIINX
TKaHWH) MOKHA BI3yali3yBaTH Ta OI[IHUTH ITOCHUTH
TOYHO.

Y BCiX HdOCHIIKYBaHHX peecTpyBaM 300pa-
JKEHHSI TEIUIOBUX IIOJIB 30BHINTHKOI ITOBEPXHI OKa
B PEXHMI peajbHOr0 4Yacy Ta 3 OJHAKOBOi IHC-
TaHmii. Bi3yamizyBanucs TEIUIOBI IONISA, PEECTPY-
BaBCSl 4Yac OXOJOMKECHHS Ta BiirpiBy CTPYKTYp
30BHIIIHBOI TOBEPXHI OKa HABKOJO 30HH Kpio-
BIUIMBY (KOH’IOHKTHUBHU CKJICpH, POTiBKH), Y TOMY
gucii poroBoi oOononku. [lokazHukHM Temmneparypu
30BHILIHBOI TTOBEPXHI POTIBKH KO>KHOTO OKa OLiHIO-
Baid 3a moromMororo gomatka «FLIR Tools Mobilex»
(FLIR Systems, Inc., CIIIA), skuifi BHKOPHUCTOBY-
By st BUOOPY 30HM 1HTEpecy Ha TEIIOBOMY
300pakeHHI Ta IOMOMIKHUX MPOTrPaMHUX I1HCTPY-
MEHTIB JIJISl BUMIPIOBaHHSI TEMIIEpaTypH.

JlocmimKkeHHsT Ta JIKyBaHHS MPOBOAMIIA B TIPH-
MIIeHHI 31 CTaOUIbHUMH TIOKa3HHKAaMH HAaBKO-
JUIIHBOTO CcepeloBUIla (TeMieparypa MOBITpS —
Big 22 mo 24°C; BigHOCHA BOJIOTICT, — Bin 45 10
50%). IlinTpuMyBasii YMOBH 3 MiHIMAIBbHOIO IIBUA-
Kictio pyxy noBitpsa. Ilepen mposenennsm IY-tep-
Morpadii Taui€eHTH NOBHMHHI Oynu 13 3arUiolne-
HUMH O4YMMa Mpoith 20-XBUJIMHHY aJalTawilo 0
TeMITepaTypH MPUMIIIECHHS.

Cmamucmuynutl ananiz. Po3paxoByBanm 0a30By
CTaTHCTHKY: cepenHi 3HadeHHs (M) Ta cTaHmapTHI
BimxwieHHs (SD) mms TeMreparypu IICHTPaIbHOT
30HMA TIOBEPXHI POTIBKH, TEMIICpaTypH HABKOJIHII-
HBOTO CEpPEIOBHINA, BITHOCHOI BOJIOTOCTI TMOBITPS,
TPHUBAJIOCTI OXOJIOMKCHHS Ta BiJIrpiBy TKaHUH OKa.
KinpkicHi 3MiHHI TepeBipsAad Ha HOPMAIBHICTD
posmoniny 3a npomomoroto Tecty Ilamipo-Binka.
BingMiHHOCTI TOKa3HMKIB TEMIIEPAaTypH LEHTpab-
HOi 30HU TOBEPXHI POTIBKU MICNS OXOJOKEHHS Ta
BiIrpiBy MNOpPIBHSHO 3 BHUXIAHUMH OLIHIOBAIN 3
BHKOPHUCTaHHAM IapHOTo t-Kputepiro CThIOIEHTA
Ta BBakanu 3Haaymumu mpu p < 0,05. Craructud-
HUAW aHaJi3 TMPOBOAWIN 13 BHKOPUCTAHHSIM IIaKeTa
«Statistica 10.0» (StatSoft, CIIIA).
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can be visualized and evaluated quite accu-
rately.

Images of thermal fields of the ocular outer
surface were recorded in all subjects in real time
and from the same distance. Thermal fields were
visualized, and the time of cooling and warming
of the structures of the outer surface of the eye
around the cryogenic zone (conjunctiva, sclera,
cornea) was recorded. The external corneal surface
temperature of each eye was assessed using the
FLIR Tools Mobile application (FLIR Systems,
Inc., USA), which was used to select the region of
interest on the thermal image and auxiliary soft-
ware tools for temperature measurement.

Investigation and treatment were carried out in
a room with stable environmental parameters (air
temperature — from 22 to 24°C; relative humidity
— from 45 to 50%). Maintained conditions with
minimal air movement speed. Before conduc-
ting IR thermography, patients had to undergo a 20-
min adaptation to room temperature with their eyes
closed.

Statistical analysis. Basic statistics were cal-
culated: mean values (M) and standard deviations
(SD) for the temperature of the central zone of
the corneal surface, ambient temperature, relative
air humidity, duration of cooling and re-warming
of ocular tissues. Quantitative variables were tested
for normality of distribution using the Shapiro-
Wilk test. Differences in the temperature indica-
tors of the central zone of the corneal surface after
cooling and re-warming compared to the baseline
were evaluated using the paired Student’s t-test
and were considered significant at p < 0.05. Statis-
tical analysis was performed using the Statistica
10.0 software (StatSoft, USA).

Results and discussion

The average ambient temperature during
the study was 22.5 £ 0.6°C, the relative humidity
in the room was 48.5 + 15%. The initial temperature
of the outer surface of the cornea as a whole was
34.5+0.5°C.

During cryodestruction in real time, it was pos-
sible to obtain images of the thermal fields of the
outer surface of the eye in all subjects, which ref-
lected the dynamics of cooling and subsequent
warming of tissues around the freezing zone.

The results of the analysis of the temperature
fields in the dynamics of the cooling process showed
a specific change in their configuration around
the freezing zone. Initially, the temperature fields
had the form of regular concentric circles that spread
evenly from the center of cooling, but over time
they began to deform, stretching towards the cornea
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Pe3yabTaTi T2 00rOBOpEHHS

Temmeparypa HaBKOJHMIIIHBOTO CEPEIOBHUINA ITij
Yac TOCIIHKCHHS B cepeIHboMY ckiana 22,5 £0,6°C,
BiJHOCHA BOJIOTICTh TIOBITPSI B NPUMIIIEHHI —
48,5 £ 15%. BuxinHa Temneparypa 30BHIIIHBOI 110-
BEpXHIi POTiBKH B IiIoMy ctanoBuna 34,5 + 0,5°C.

Y BciX JOCHIPKYBaHMX BHAIOCS B MPOIECI
KpIOJIECTPYKIIIT B PEXHMMi peaJbHOTO Yacy OTpH-
MaTu 300paKeHHsI TEIUIOBHX TOJNIB 30BHINIHKOI TO-
BEPXHI OKa, SIKi BiJI0Opakalli TUHAMIKY OXOJIO/KCH-
HS Ta MONANBLIOTO BiAIrpiBaHHA TKAaHWH HAaBKOJIO
30HHU 3aMOPOKYBaHHSI.

Pesynpratu aHamizy TeMIlepaTypHHX IIOJNIB Yy
JUHaMIIl TpoLecy OXOJOMKEHHS MOKa3alH Xapak-
TEpHY 3MiHY iXHBOI KOH(]Iryparlii HaBKOJIO 30HH
3amopoxyBaHHs. CHodarky TemIepaTypHi HOJis
MaJiil BUIVIAJ NPaBHIBHUX KOHIEHTPHYHMX KU, SIKi
PIBHOMIPHO TOIIMPIOBAINCS BiJl IIEHTPY OXOJOJI-
KEHHS, ajle 3 4YacoM BOHM HOYMHAIM JAehopMmy-
BaTUCs, BUTATYIOUHCh Yy Oik poriBku (puc. 1). Ilpu
IIFOMY Bi3yaJIbHO TIOMITHHUX 3MiH KOH(Irypariii 30H¢1
3aMOpOXXyBaHHSI a00 TKaHWHHU POTIBKM HE Bil3Hada-
Jocsl.

Tak, Hacammepen BigOyBaeTbCsl pPIBHOMIpHE
OXOJIO[DKCHHS CKJIEPH HABKOJIO KPioaIuTikaTtopa i Jiu-
me B cepenaboMy depes (38,5 £ 10) ¢ (30-60 c)
MOYMHAE IIBUJIKO OXOJODKYBAaTUCS poroBa 000-
JIOHKa. Y Tporieci KpiOreHHOro BILTHUBY OYyJO BiJl-
3HA4YECHO 3HIKEHHS TEMIIEpaTypH POTIBKH B IICHT-
paybHii i yactuHi B cepeanbomy 3 (34,5 £ 0,5) no
(22,1 £ 0,8)°C GesnocepefHbO MICHS TPUITHHEH-
Hs1 oxonopkeHHs (p = 0,0001), a Ha mepudepuy-
HUX AUITHKaX POTiBKH, IO MEXYIOTh 3 IyXJIMHOIO,
TeMIepatypa nagana Huwkde 10°C.

VY Bcix XBOpUX TakoXk Oyna 3apeecTpoBaHa
IHAMBigyanbHa JWHAMIKAa IOCTYHNOBOTO BiHirpiBY
TKaHWH Yy IUISIHIN OXonomkeHHs (puc. 2). 3a na-
Humu [Y-tepmorpadii Oysno BCTaHOBICHO, IO MiCHA
3yNMHKU TPOLECy KpioAecTpyKLil Ta 3HATTS BiKO-
posmmproBaya (n = 22) Temmeparypa UEHTpalb-
HOi JIJITHKK 30BHINIHBOI IOBEPXHI POTIBKH JO-
csrajia BHUXIOHMX MokasHukiB (3 (21,9 £ 0,7) no
(34,4 = 0,6)°C; p = 0,0001) y cepemapoMy Hepe3
(11,1 £ 3,8) xB (8-20 xB). Ilpu BcTaHoOBIEHOMY
BiKOpo3mMpIoBadi (n = 8) BIAIrpiB IMEHTPATBHOL
30HU POTIiBKH JI0 BUXiAHOTO cTany (3 (22,2 + 0,8) 1o
(34,2 £ 0,7)°C; p = 0,0001) BinOyBaBcs y CepeaHBO-
My gepes (31,5 = 7,5) xB (2040 xB), TOOTO MOBiIB-
Hime (p = 0,0001) mopiBHSAHO 3 MAIiEHTaMH, y SKUX
BIKOpO3LIMpPIOBad OyJI0 3HATO Oe3MocepenHbO MiCis
MPUMUHEHHS KPioJAeCTPYKLIi.

BincyTHicTh YITKHX 1HAWBITyaJILHUX KPHUTEPIiB
JO3yBaHHS KpIOTEHHOTO BIUIMBY IS JIIKyBaHHS
eniOynp0apHUX MyXJIMH HEPIIKO MPU3BOIUTH JIO
ycknaanenb. Tak, G. Peksayar ta cmiBaBT. mpo-
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Puc. 1. [uHamika OXOMOMKEHHs NOBEpXHi Oka nig 4ac
KpiogecTpykuii enibynsb6apHoi nyxnuHn: A — coTtosobpa-
)KEHHS MpaBoro oka nauieHTa 3 enibynb6apHO NyXMHOM,
pO3TallOBaHOK Yy MNPOEKLii uuniapHoro Tina, B MNpoLeci
KpiogecTpykuii Ha 30-n cekyHAi micnsa novaTky npouenypu
(poriBka BkasaHa nyHkTMpoMm); B — Tepmorpama onepa-
uinHoro nonst Ha 30-1 cekyHAi (PiIBHOMIPHE OXOMOMKEHHS
TKaHWH HaBKOMNoO LUeHTpa kpioBnnusy); C — Tepmorpama
Ha 60-1n cekyHAi (HEBENMWKe roKanbHe 3HWKEHHS Temre-
paTtypu poroBoi o6onoHku); D — Tepmorpama Ha 75-i1 ce-
KyHAi nicnsi novatky npoueaypu (nporpecytode 3HUKEHHS
TemnepaTtypv poroBoi 060MOHKM).

Fig. 1. Dynamics of the ocular surface cooling during the
epibulbar tumour cryodestruction: A — colour photo of the
right eye of a patient with an epibulbar tumour located in
the projection of the ciliary body during cryodestruction
30 seconds after the start of the procedure. The cornea is
indicated by a dotted line. B — thermogram of the surgical
field at 30 seconds. There is a uniform cooling of tissues
around the freezing centre. C — thermogram at 60 seconds.
There is a slight local decrease in the temperature of the
cornea. D — thermogram at 75 seconds after the start of
the procedure. There is a progressive decrease in the
temperature of the cornea.

(Fig. 1). At the same time, there were no visually
noticeable changes in the configuration of the
freezing zone or corneal tissue.

Thus, first of all, the sclera around the
cryoapplicator is uniformly cooled, and only after an
average of (38.5 = 10) s (30-60 s) does the cornea
begin to cool rapidly. During cryogenic exposure,
a decrease in the temperature of the cornea in its
central part was noted on average from (34.5 £ 0.5)
to (22.1 £ 0.8)°C immediately after the cessation




L d .

Puc. 2. [luHamika BigirpiBy noBepxHi oka MiCnsi NPUNMHEHHS KPIOrEHHOTO OXONOMKEHHS enibynbbapHoi nyxnuHn: A —
¢oTo306pakeHHsA NpaBoro oka nauieHta 3 enibynbb6apHO NyXNMHOK, PO3TALLOBAaHOK Y NPOEKLii uMmniapHoro Tina, 6es-
nocepefHbLO Nicnsa KpiogecTpykuii (poriBka BkazaHa MyHKTUPOM, LEHTP OXOMNOMKEHHA — CTpinkoto); B — Tepmorpama
onepauinHoro nonst Ha 60- cekyHAi nicns 3akiHyeHHs npoueaypu; C — Tepmorpama Ha 120-n cekyHai; D — Tepmo-
rpama Ha 180-11 cekyHz;.

Fig. 2. The dynamics of the ocular surface rewarming after the cessation of cryogenic cooling of the epibulbar tumor: A —
colour photo of the right eye of a patient with an epibulbar tumour located in the projection of the ciliary body immediately
after cryodestruction. The cornea is indicated by a dotted line. The centre of the cooling is indicated by an arrow.
B — thermogram of the surgical field at 60 seconds after the end of the procedure. C — thermogram at 120 seconds. D —

thermogram at 180 seconds.

JEMOHCTPYBAJIM  HASBHICTh  YCKJIAJHEHb  IICIA
IMOOKOTO  3aMOpPOXKYBaHHS — IyXJIMH, pO3TAllo-
BaHMX VY TNPOEKIi IMIiapHOTO TiNa. ABTOpamu
OyJll0 BCTAHOBJEHO PO3BUTOK CEKTOPAJbHOI arpo-
¢ii paiimy>kHOi 000JOHKH, TIMOTOHIIO, ipHT, PyOIIfO-
BaHHS POroBOi OOOJIOHKH Ta iHINI HeOakaHi SBUINA
[12, 13]. fx mpaBujo, CTyHiHb KpioreHHOi il Ha
NyXJIMHY B Mpoueci KpioaecTpykuii Xipypr BuU3-
Hayae Bi3yanbHO. BIUIMB 3aBepuIyeThCS  MICHA
(opMyBaHHS HABKOJIO HAKOHEUHHWKA KpIOIHCTpY-
MEHTa 30HH 3aMOPOXKYBaHHS 3 YTBOPEHHSM JbOIY
IIMPUHOIO 2 MM 151 KOH IOHKTUBH, 1 MM JJ151 emricKIie-
pALHUX TKAaHUH Ta KOPHEOCKIEPAIBHOTO IiMOY,
0,5 mm i poriku [12].

3a momomoroto [Y-tepmorpacdii Hamu Oyino BU-
SBJICHO, IO TiJ Yac KpioxecTpykuii emiOynp0apHux
MYXJIMH, PO3TAIOBAaHMX Yy MPOEKLii IHIiapHOTOo
Tija, B TEpPLIy Yepry BiAOYyBaeThCS OXOIOIKECHHS
CKJIEpY HABKOJO 30HM KpiOBIUIMBY, a uepe3 30—60 ¢
MOYMHAE INBUAKO OXOJOMXKYBATHUCS pOrosa o000-
noHka. Ile Moxe cBigUMTH MPO TIHOOKE OXOJOM-
KCHHS I[MIIapHOTO TiTa y 30HI KPIOBIUIMBY, fKE,
HMOBIpHO, CYIIPOBODKYETHCS TIOPYIIEHHAM KpO-
BOTOKY y HBOMY, IO HPHUBOIUTH OO TPHUIIHHEH-
HSL HOPMAaIlbHOTO TeIUIOBiiBeneHHs. JlaHwii Qakt
Y3TOJDKYETHCS 3 IPUMYIICHHSMHE 1HIMUX aBTOpiB [11,
12]. Takum 4unHOM, 3a nmormomoroto [Y-tepmorpadii
CTa€ MOXJIMBUM 1HIMBiIyaJbHO BHSBIATH IOYar-
KOBUH €Tam HaIMIpHOTO OXOJIOJPKEHHS CTPYKTYP
MEPEAHBOr0 Bif[pi3Ka OKa HABKOJIO 30HHU 3aMOPOXKY-
BanHs. OfHAK CIIiJ 3a3HAYMTH, IO HEOOXITHI ITO-
JaNbIi TOCIIPKEHHS, CIOPSIMOBAaHI Ha 3iCTaBICHHS
pe3ynbpraTiB, OTpUMaHuX 3a goromoroio [Y-tepmo-

of cooling (»p = 0.0001), and in the peripheral areas
of the cornea bordering the tumor, the temperature
dropped below 10°C.

Individual dynamics of gradual warming of
tissues in the cooling area were also registered in
all patients (Fig. 2). According to IR thermography
data, it was established that after stopping the
cryodestruction and removing the eyelid speculum
(n = 22), the temperature of the central part of the
cornea outer surface reached the initial values (from
(21.9 £ 0.7) to (34.4 £ 0.6)°C; p = 0.0001) after
(11.1 £ 3.8) min (8-20 min). When the eyelid
speculum was installed (n = 8), heating of the cornea
central zone to the initial state (from (22.2 £ 0.8)
to (34.2 £ 0.7)°C; p = 0.0001) occurred on average
through (31.5 £ 7.5) min (2040 min), that is,
slower (p = 0.0001) compared to patients in whom
the eyelid speculum was removed immediately after
the termination of cryodestruction.

The lack of clear individual criteria for the
dosage of cryogenic exposure for the treatment of
epibulbar tumors often leads to complications. So,
G. Pcksayar et al. demonstrated the presence of
complications after deep freezing of tumors located
in the ciliary body projection. The authors found the
development of the iris sectoral atrophy, hypotonia,
iritis, scarring of the cornea and other undesirable
phenomena [12, 13]. As a rule, the degree of
cryogenic effect on the tumor during cryodestruction
is visually determined by the surgeon. The exposure
ends after the formation of a freezing zone around
the cryoinstrument tip with the appearance of ice
2 mm wide for the conjunctiva, 1 mm for the
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rpadii, 3 JaHUMHU Bi3yaJbHOI OLIHKK 30HH 3aMOpO-
KYBaHHS Ta KJIIHIYHUX PE3yJbTaTiB AJsl YTOUHEHHS
KpHUTEpiiB iHAMBiAyaldbHOI EKCHO3WLii B Mporeci
KpiOAECTPYKIIii.

VY Hamiif poOOTi TakoX ITOKAa3aHO MOXKIIUBICTD
Bi3yajizamii B pEXUMi pPEaJbHOTO Yacy Ta Ipor-
HO3yBaHHS I1HIWBIMYalbHOI AWHAMIKHA I10CTYTIOBO-
TO BIOITPiBy TKAaHWH B 30HI KPIOTCHHOTO BIUIMBY
Ta TpWIEINX TKaHWHAX. Peectparlis AWHAMIKA
MOCTYNOBOTO BiAIrpiBy TKaHWUH Y JUISHII BIUIK-
By MOXXe OyTH KOpPHCHA NpPH KpioAecTpyKUil myx-
JIMH BEJIHUKOTO PO3MIpY, KOJM HEOOXiAHO MPOBOAUTH
MOCTIIOBHO PsIi LMKITIB 3aMOPOXKYBaHHS 3 KOHTPO-
JIeM MOMEHTY BiJJTHOBJICHHSI TEMIIEPaTypH OKa.

Y poboTi Takok TIOKa3aHO MOXIIMBICTh 3ac-
TOCYBaHHSI KOMIAKTHUX MNpUCTpoiB ang [Y-tepmo-
rpadii, amanToBaHMX A0 cMapTdoHa, IS OIHKH
TEIUIOBUX XapaKTEPHCTHK 30BHIIMTHBOT TOBEPXHI
oka. [IpoBeneHi MOCHIHKEHHS TMOKa3aH TPOCTOTY
Ta Oe3MeKy 3acTOCYBaHHS MOPTATHBHOTO MPHCTPOIO.
Yci BuMiproBaHHs Oyl BHKOHAHI IIBHIKO Ta KOM-
¢opTHO IS TMaIieHTiB. Bim3HaYMMO aBTOHOMHICTh
JAaHOTO TPUCTPOI0 Ta HWOr0 YHiBEpCANbHICTH (3aB-
ISIKM CYMICHOCTI 3 PI3HHUMH CMapTQOHaMH), IO
3a0e3mnevuye MOXKJIMBICTh IIBUIKOI OOPOOKH Ta mepe-
Ja4i OTPUMaHUX 300pakeHb, a TAKOK MPOBEACHHS
JOCHIDKEHHSI B PEXHUMI PEaTbHOTO Yacy.

3 HEJOMNIKIB 3aCTOCYBaHHS KOMIIAKTHOTO IIPH-
ctporo g IY-tepmorpadii, sSKHii MH BUKOpHC-
TOBYBIM B JaHOMY JIOCIIDKEHHI, CJIiI BiI3HA-
YUTH WOTO BIJHOCHO HEBHUCOKY PpO3AUIbHY 31aT-
HICTh TIOPIBHSHO 3 MOZCIISIMH TTOPTATUBHUX TEPMO-
rpadiB BUIIOTO Kjacy, a TaKOX BY3bKHH [iara3oH
BUMIPIOBaHMX HETaTWBHHUX Temreparyp. [Ipore He-
LIONABHO 3’ SIBHJIMCSI HEIOPOTi KOMIAKTHI MPUCTPOi
s tepMorpadii, Aki iHTerpyroThes 31 cMmapTdo-
HAaMH Ta MalOTh JOCTAaTHBO BHCOKY TEPMOYYT-
JUBICTh Ta PO3IUIBHY 3[aTHICTH TEMJIOBOTO 300pa-
xenHs [15]. Kpim Toro, cmig BpaxoByBaTH HEOO-
XIOHICTH TIPOBENEHHS JOCTDKEHHS B yMOBax
CTAOUTHbHUX ITOKAa3HUKIB HABKOJMIITHBEOTO CEPEIo-
BUIIIA, IO € BKpall Ba)XJTUBUM JJISI I[OTO METO-
ny. OCKITBKH PyX TOBITPS Y NMPHUMIIICHHI, B SKOMY
MIPOBOIUTHCS JOCIIIKEHHS, BIUIMBAE€ HAa TOYHICTH
OJIEP’KaHUX PE3YIIETaTIB.

BucHoBKH

Inrpaonepauiiina [Y-tepmorpadist mix yac Kpio-
JEeCTPYKUii MyXJMH KOH IOHKTHUBH, PO3TAIIOBAHUX
y TpOEKUii IHIiapHOTO Tija, AO03BOJSE B PEKUMI
peaspHOrO dacy Bi3yallidyBaTW [OUHAMIKy TeM-
HepaTypHUX IIOJiB HABKOJIO 30HU 3aMOPOXKYBaH-
HSA, IO MOXKe OyTH BHKOPHCTAHE JJIT BHOOPY iHIIHU-
BiIyaJlbHOI EKCIIO3UIli OXOJIOMKCHHS 3 METO0
3HIKCHHS PHU3HKIB YCKJIAIHEHb, a TAKOXK JJIS OITiH-
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episcleral tissues and corneoscleral limbus, 0.5 mm
for the cornea [12].

With the help of IR thermography, we discovered
that during cryodestruction of epibulbar tumors
located in the projection of the ciliary body, the
sclera around the zone of cryoinfluence first of all
cools down, and after 30—60 s the cornea begins to
cool down rapidly. This may indicate a deep cooling
of the ciliary body in the zone of cryoinfluence,
which is probably accompanied by a violation of
blood flow in it, which leads to the termination of
normal heat removal. This fact is consistent with the
assumptions of other authors [11, 12]. Thus, with
the help of IR thermography, it becomes possible
to individually detect the initial stage of excessive
cooling of the structures of the ocular anterior
segment around the freezing zone. However, it
should be noted that further studies aimed at
comparing the findings using IR thermography with
the data of visual assessment of the freezing zone
and clinical results are needed to clarify the criteria
of individual exposure during cryodestruction.

Our research demonstrates also the possibility
of real-time visualization and prediction of indi-
vidual dynamics of gradual heating of tissues in the
zone of cryogenic influence and adjacent tissues.
Recording the dynamics of the gradual warming of
tissues in the affected area can be useful in the case
of cryodestruction of large tumors, when it is neces-
sary to carry out a series of freezing cycles with
control of the moment of recovery of the ocular
temperature.

The work also shows the possibility of using
compact devices for IR thermography, adapted to a
smartphone, to assess the thermal characteristics of
the outer surface of the eye. The conducted studies
showed the simplicity and safety of using a portable
device. All measurements were performed quickly
and comfortably for the patients. We note the
autonomy of this device and its versatility (due to
compatibility with various smartphones), which
provides the ability to quickly process and transfer
the received images, as well as conduct research in
real time.

Among the disadvantages of using a compact
device for IR thermography, which we used in this
study, it should be noted its relatively low resolution
compared to models of portable thermographs
of the highest class, as well as a narrow range of
measured negative temperatures. However, recently,
inexpensive compact thermography devices have
appeared that integrate with smartphones and have
sufficiently high thermal sensitivity and thermal
image resolution [15]. In addition, it is necessary to
take into account the need to perform the research
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KA JWHAMIKH BifirpiBy TKaHWH OYHOTO s0IyKa 3a
HE0OXiTHOCTI MPOBEACHHS MTOBTOPHOTO ITUKIY KpPio-
JECTPYKIT MyXJIMHU.

BcranoBieHo, mo y Tmpomeci KpiomecTpyKIIii
IMyXJIWH KOH IOHKTHBHU 3 JIOKATI3aIli€l0 B 30HI ITH-
JIApHOTO Tila PIBHOMIPHE OXOJIOMKEHHS CTPYKTYP
OKa HaBKOJIO Kpioarulikaropa TPHUBAaE B CEPEIHBO-
My (38,5 £ 10) ¢ micisa moyaTky KpioreHHOTO BILIH-
By, nmaii 3a manumu [Y-tepmorpadii BimOyBaeThCs
IIBUJIKE PO3MOBCIOMKCHHS IOJIT HU3BKHX TEM-
reparyp Ha 30HY poriBku. lle Moxke cBiguuTH TIpO
MOPYIICHHS] TEIUIOBIABEICHHS [WIIapHUM  TiJIOM
BHACJIIOK HOTO JIOKAJbHOTO TIIHOOKOTO OXOJOJ-
KEHHS Ta TMOTIpUIEHHS KPOBOOOIry, a micus 3y-
MMUHKY TIPOIECY KPiOASCTPYKIIi TeMIieparypa IIeH-
TpagbHOI 30HW POTIBKH IOCTYIIOBO BiJHOBIIOETHCS
B cepenapoMy uepes (11,1 £ 3,8) xB.

Hocnioscenna BUKOHAHO 6 PAMKAX HAYKOBO-00-
cnionoi pobomu JV  «lncmumym ounux xeopo6
ma mkaHunHoi mepanii im. B.Il.@inamosa HAMH
Yxpainuy (Homep oeporcpeecmpayii 0123U101113).

Aemopu niomeepoicyiomsp, w0 6OHU He Maromb
NOMEHYIUHUX KOHPIIKMie iHmepecis.
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in conditions of stable environmental indices, that
is extremely important for this method. Because
the movement of air in the room in which the study
is conducted affects the accuracy of the results
obtained.

Conclusions

Intra-operative IR thermography during the
cryodestruction of conjunctival tumors located in
the projection of the ciliary body allows real-time
visualization of the dynamics of temperature fields
around the freezing zone, which can be used to
select an individual cooling exposure in order to
reduce the risks of complications, as well as to
evaluate the dynamics of rewarming of ocular tissues
if a repeat cycle of cryodestruction of the tumor is
necessary.

It was established that during cryodestruction
of conjunctival tumors localized in the ciliary body
area, uniform cooling of the ocular structures around
the cryoapplicator lasted on average (38.5 £ 10) s
after the start of the cryogenic effect, then, according
to the IR thermography data, there is a rapid spread
of the low-temperature field on corneal area. This
may indicate a disordered heat removal by the
ciliary body as a result of its local deep cooling
and deterioration of blood circulation, and after
stopping the cryodestruction, the temperature of the
cornea central zone gradually recovers in an average
of (11.1 £ 3.8) minutes.

The study was performed as a part of the research
studies of State Institution ‘The Filatov Institute of
Eye Diseases and Tissue Therapy of the National
Academy of Medical Sciences of Ukraine’ (State
registration number 0123U101113).

No potential conflicts of interest have been
declared by the authors.
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