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Experimental Cryoablation of Thyroid Gland
with Propilthiouracyl-Induced Diffuse Hyperplasiae

Pecpepart: KpiogecTpykuis nig kOHTponeM eHA0CKONIYHOT TEXHIKN BBaXKAETbCSI MEPCMNEKTUBHUM MiAX0A0M A0 MiKyBaHHS JOOPOSKICHUX
BY3J10BVX YTBOPEHb LMTOBUAHOI 3ano3u (LL3). [ins Bu3HavyeHHs napaMeTpiB KpiogecTpyKuii HeobxiaHe NpoBeAeHHS MOAENbHMX eKcnepu-
MEHTIB Ha TBapuHax, OCKifbK/ NaTosfioriYyHo 3mMiHeHa TkaHuHa L3 BiapisHAeTbCs 3a TennonpoBiAHICTIO Ta TEMNOEMHICTIO Bi HOpManbHOT
TKaHUHW. Y poboTi nopiBHIOBanNy TemnepatypHi 3miHun B LLI3 ekcnepumeHTanbHyX TBApuUH Mg Yac KPIOBMNMBY HA HOPMaIibHY TKaHWHY Ta
3 andpysHoto rinepnnasieto (A), inaykoBaHot nponintioypauunom (MTY). Kpiogectpykuito W3 npoBognnu wypam, ski 4O LpOro BTpY-
yaHHa otpumyBanu 0,1%-n posuuH MTY npotarom 90 gHiB. BukopucToByBanu MigHUi Kpioannikatop, OXONOMKEHUA A0 TemnepaTtypu
piakoro a3oty. lNpouec KOHTpontoBanu 3a 4ONOMOro TepMonap, po3TalloBaHUX Ha Pi3HiN BiACTaHI BiA 30HN NPOMOPOXyBaHHs. BcTaHoB-
NEeHO BiAMIHHOCTI MiXX TepMorpamamu 3paskiB iHTakTHoi TkaHuHK W3 ta MTY-inaykosanoi [l [loBeaeHo, WO AN pyNHYBaHHS TKAHWHN
W3 i3 A Ha rmubuHy Ginblwe 1 MM HeobXiAHO NPOBOAUTM ABA LIMKM 3aMOPOXYBaHHSA-HarpiBy 3 120-CekyHOHOI eKkcrnosuuieto Kpioanni-
KaTtopa.

KnrouyoBi cnoBa: wutoBuaHa 3anosa, KpiogecTpykuis, mponintioypauwn, audpy3Ha rinepnnasis, wypu.

Abstract: Cryoablation under endoscopic control is considered to be a promising approach in therapy of benign nodules
of thyroid gland (TG). However, pathologically altered TG tissue differs in thermal conductivity and heat capacity from normal one,
therefore the model experiments in animals are necessary to determine the cryoablation parameters. In this research, the changes
of temperature during cryoablation of experimental rat TG under normal conditions and the one with propylthiouracil (PTU)-induced
diffuse hyperplasia (DH) were comparatively assessed. TG was cryoablated in rats, previously received a 0.1% PTU solution
within 90 days, using a copper cryoprobe, cooled to liquid nitrogen temperature. The process was controlled using thermocouples
placed at different distances from the iceball. Differences between thermograms of intact TG tissue and the samples with PTU-induced
DH were established. To achieve the destruction effect of TG with DH to a depth of more than 1 mm, the need of implementing two
freeze-thaw cycles with 120-second cryoprobe exposure was proven.

Key words: thyroid gland, cryoablation, propylthiouracil, diffuse hyperplasia, rats.

JoOposikicHi By3noBi ytBopeHHs ([ABY) muro-
BunHoi 3amo3u (I113) miarHOCTYIOTBCS 3a JOTIOM-
ororo Y3/l y 10-40% nacenenns [1]. ¥V 6impmocti
BUTIA/IKiB BOHU HE TMOTPEOYIOTH JiKyBaHHS, aje Jes-
KHUM TIallieHTaM IOoKa3aHa XipypriuHa omeparis 3 iH-
JUBIyabHUX 200 KOCMETONIOTIYHUX mpuduH. [Ticst
XIpypriYHOTO BTPYYaHHsS! iCHYE€ PU3HK BUHUKHCHHS
YCKIIQJIHEHb (TIOTUPEO3, TIMonapaTupeos, MOIIKOA-
JKEHHSI TopTaHHOro Hepsa) y 2—10% mnauieHris [7].
3 omAgy Ha BUIICBUKIAJCHE, AKTyaJbHOIO € PO3-
poOKa MaJl0OiHBa3MBHHUX XipypriuHUX METOJIB JIKY-
Banns JABY I113.

OcraHHiM yacoM XiMiuHa abo TepMiuHa JeCTPyK-
1ist By3/0BHX yTBOpeHb L3 mmpoko 3acToCOBYETHCS
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Currently, the benign nodules (BN) of thyroid
gland (TG) are diagnosed among 10-40% of
population using ultrasonography [1]. In most cases,
they can be left untreated, but some patients need a
surgical treatment by individual or cosmetic reasons.
After surgery, 2—10% of patients may have certain
complications (hypothyroidism, hypoparathyroidism,
laryngeal nerve damage) [2]. Based on the
mentioned above, of current interest was to design
the minimally invasive surgical treatments for TG
BN.

Recently, chemical or thermal ablation of TG
nodules has been widely applied as a minimally

invasive procedure. The development of endoscopic
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SIK METOJ MaJOiHBa3sMBHOTO BTpydaHHsS. PO3BHTOK
CHJIOCKOMIYHOI TEXHIKH A€ MOXKIJIHMBICTH MPOBOIU-
TH TOXi0OHI onepauii mij BidyanbHUM KoHTposieM. Ha
TENepilTHii Yac JOBEJCHO €PEKTHBHICTD YePE3IIKip-
HOI €TaHOJIOBOi JECTPYKIIi («eTaHOJIOBOI CKJEepo-
Teparii») kicro3Hux yTtBopeHb L3 [23]. Jlazepny,
PamiodacToTHY 1 MIKPOXBIIIBOBY JECTPYKIIIFO BHKO-
pucToByIoTh TSt JikyBanus /IBY 1113 y Tomy Bumnan-
Ky, SIKIITO TPOTHITOKA3aHO XipypridHe BTpydaHHs [12,
16, 24].

KpionecTpykitiss MEHIII pO3MOBCIO/PKEHA Y KITiHIY-
Hill mpaktuii, npote B Tepamii ABY I3 nokazana
i mepcnekruBHicTh [5, 13]. IlepeBaramu maHOrO
METOJly € HH3bKa COOIBapTICTh, MaJIOIHBa3UBHICT,
HU3BKUU PU3UK KPOBOTEYi, MiHiMi3amis aHecTe3ii
(OCKIZIBKM 3aMOpOKYBaHHSI Ma€ 3HEOONIOIUY [Iil0),
«Kpi0IMYHOJIOTTYHUI» e(EeKT, CKOPOUEHHS Yacy ore-
pauii Ta micasonepaniiHoro nepioay, BUCOKHN Koc-
MEeTUYHUH edekT [6, 9, 21].

OCHOBHMMHU NPUHIMIIAMH Cy4YacHOI KpioXipyprii
€ IIBHKE OXOJIOJUKEHHS TKAaHWHM, HNOBUIbHE i Bij-
TaBaHHS 1 0araropa3oBiCTh IUKIIB 3aMOpPOXKYBaH-
ws-HarpiBauag [10]. [Ipu peamizamii kpiogecTpyKitii
HEOOXITHO BPaxOBYBAaTH 3aJICKHICTh XipypPTidHOTO
BTPYUYaHHS BiJl THIy Ta IHAWBIAyaJIbHHX OCOOIH-
BOCTEH TKaHWHH, TEMIIEpaTypH 1 Yacy eKCIO3MIIii,
KUTBKOCTI TTOCHITOBHUX KPioBILUTHBIB. JlocBia 3acTo-
CYBaHHSI HU3bKUX TEMIIEpaTyp Ui JECTPYKIIi Mmyx-
JUH CBITYMTH, IO TeMIeparypa 3aMOpPOKyBaHH:
TKAaHWHU B ICHTPi 00’€KTa MOBHHHA OyTH HE MEHII
—50°C, a na nepudgepii — no —40°C [10]. Ilpu upo-
My KIITHHHA 0ararbOX THUMIB YYTJIHMBi 10 3aMOPOXKY-
BaHH i MpHU MeHII HU3bKiH Temmeparypi (—20°C) [8,
11, 19].

Jlo daxTopiB, SKi MEPEIIKOHKAIOTh 3HIKEHHIO
TEeMIepaTypu B MICIi KpiOBIUIMBY, BiTHOCSATH Te-
IUIOOOMIH HABKOJIMIIHIX TKAaHWH, TICTOJOTIYHI 0CO-
ONMMBOCTI  OXOJOMKYBAJbHOI TKAaHWHH, INBUIKICTH
KpOBOOOIry i MikpormpkyJsmii [26]. Lle minkom Bif-
HOCUTHCS 10 TKaHWHU 113, sika B HOpMi Ma€e BHCOKY
MIBUIKICTh KPOBOOOITY Ta MIUTBHICTH CYTUHHOTO PyC-
Ja, a 3a TIMepruIacTHYHUX TPOIIECIiB B HiH criocTepi-
raeThCs MiBUIIEHHS BacKymsipusallii [22, 25], To0To
MaToJIOTIYHO 3MiHeHa TkanuHa 113 Bimpi3HseThCs 3a
TEIUIONPOBIAHICTIO Ta TEIUIOEMHICTIO BiJi HOpMaJlb-
HOI. Y 3B’SI13Ky 31 CKJIQJIHICTIO OTPUMaHHS HaJIHHUX
PO3PaxyHKOBUX JAaHUX JJIs JOCSTHEHHS HEOOXiTHOT
TEeMIIepaTypy 3aMOPOKYBaHHS Ta AJIsl BAOOPY TaKTH-
KM KpiOoAECTPYKUil MaToJOTiYHO 3MiHEHOI TKaHWHH
13 HeoOXimHO NMpOBEACHHS MOJAEIBHUX EKCIEepH-
MEHTIB Ha 1a00paTOpHUX TBApUHAX.

Binmomo, mo BBeneHust npominrioypariny (I1TY)
EKCIIEPUMEHTAILHUM TBAPHUHAM IPU3BOAUTH A0 3MiH
CTPYKTYpH TKaHWHH, IaTOMOPQOJIOTiYHI O03HAKH
SIKOT TTOAiOHI 10 THX, IO CIIOCTepiraroThes mpu JABY
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devices enables performing such surgeries under
visual control. To date, the efficiency of percuta-
neous ethanol ablation (‘ethanol sclerotherapy’)
of thyroid cysts has been proven [23]. Laser, ra-
diofrequency and microwave ablations are used for
therapy of TG BN when any surgery is contraindicated
[9, 15, 24].

Cryoablation is less common in clinical practice,
butin therapy of TG BN itshows promising results [10,
11]. Thismethod advantages can be outlined as follows:
low cost, less invasiveness; low risk for bleeding;
reduction of anaesthetic drug use due to an analgesic
effect of freezing; ‘cryoimmunological’ effect; re-
duced time of surgery and postoperative period, high
cosmetic effect [5, 6, 21].

The main principles of current cryosurgery in-
clude rapid cooling of tissue, its slow thawing and
repeated freeze-warming cycles [7]. When imple-
menting cryoablation, the dependency of surgery
on the type and individual characteristics of tissue,
temperature and exposure time, number of sequential
cryoablations should be taken into account. The
experience of using low temperatures for tumor
ablation suggests the temperature of tissue freezing
to be at least —50°C in the object center, and to
—40°C at the periphery [7]. Herewith, many types
of cells are sensitive to freezing at higher temperature
(-20°C) [3, 8, 19].

The factors, preventing temperature decrease
at cryoablation area include the heat exchange of
surrounding tissues, histological features of cooled
tissue, blood circulation and microcirculation [26].
This can be applied to TG tissue, which normally
has a high rate of circulation and vascular density.
However, under hyperplastic processes an increa-
sed vascularisation may be observed [22, 25], be-
cause the pathologically altered TG tissue differs
in thermal conductivity and heat capacity from
the normal one. Since obtaining the reliable calcu-
lated data to achieve the required freezing tem-
perature and to choose the cryoablation strategy
for pathologically altered TG tissue is complicated,
the model experiments involving laboratory animals
are needed.

It is known that the introduction of propylthioura-
cil (PTU) to experimental animals results in changes
in tissue structure, pathomorphological features of
which are similar to those observed in TG BN [4,
14, 16, 20]. Therefore, we selected this model to
study the cryoablation parameters for pathologically
altered TG tissue.

Thus, the objective of the research was to compare
the temperature changes during cryoablation of TG
tissue under normal conditions and with propyl-
thiouracil-induced diffuse hyperplasia.
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I3 [2, 4, 15, 20]. Ha mincraBi BHIEBUKIAICHOTO
JaHy Mozesb Oyno oOpaHO AJIst AOCIHIKEHHS Iapa-
METpiB KpiOJECTPYKLii MaToJOriYHO 3MIHEHOI TKa-
auau 1113.

Meta poOOTH — IOPIBHSHHS TEMITEPaTypHUX 3MiH
y mporeci KpioBmimBy Ha TkaHuHy L3 B HOpMI
Ta 32 YMOB TPOIIITIOypamii-iHayKoBaHOi Tu(y3HOI
rinmepruiasii.

Marepiaau Ta MeToau

ExcniepuMeHTH MPOBOAMIIA BIANOBIAHO 10 3a-
KkoHy VYkpaiau «[Ipo 3axucT TBapuH BiI KOpPCTO-
koro mnoBokeHHs» (Ne 3447-1V Big 21.02.2006)
3 JIOTPUMaHHSIM BUMOI' KOMITeTy 3 OloeTuku [HCTH-
TYTY, Y3TOMKCHUX 13 TOJOKEHHSAMHU «CBpOIEHCHKOL
KOHBEHIIIT 3 3aXMCTy XpeOEeTHHX TBapHH, SIKi BUKO-
PHUCTOBYIOTBCSl Ul €KCHEPUMEHTAIBHUX Ta 1HIIMX
HaykoBuXx 1uei» (CtpacOypr, 1986).

Y poGOTi BUKOPHCTOBYBaJIM O-MIiCSIUHMX CaMOK
mypis niHii SHR. TBapun yrpumyBanu y BiBapiro
IacTuTyTy TIpobIeM KpiobOionorii i KpioMeAWIIMHU
HAH Vxpaian (M. XapkiB) 3 BUIBHUM JOCTYIIOM 10
30ayancoBaHoro cyxoro kopmy («lopa», YkpaiHa).
KonTponewm Oynu inTakTHI TBapuHu (Tpyma 1, n = §).
st momemroBanHs mudy3Hoi rineprasii I3 (rpy-
ma 2, n = §8) mypam Brpogork 90 nid y muTHIH
Bozi naBaiu 0,1%-ii po3unn IITY («Sigmay, CILIA)
3a MetozioM C. Polychronakos ta criBagt. [17].

KpiogecTpykuito mnpoBoxwiu I 3arajibHOO
aHecTe3i€ro: 7,5 MI/KI MacH THIETaAMIiHY TiJIpOXJIO-
puny; 7,5 MI/Kr Macu 3o0ila3enamy TiIpoXJIOpUay
(mpemapart «3onetiny, «Virbacy, ®panmis); 20 Mr/kr
Macu KCuiasuHy rigpoxiopuny (mpemapar «Cena-
3un», «Biowet», [lonpma). Ha mepenniii moBepxHi
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Materials and methods

Experiments were performed in accordance with
the Law of Ukraine ‘On the Protection of Animals
Against Cruelty’ (No. 3447-1V of February 21, 2006),
in compliance with the requirements of the Bio-
ethics Committee of the Institute for Problems of
Cryobiology and Cryomedicine of the NAS of Uk-
raine, agreed to the statements of European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasburg, 1986).

The 6-month-old SHR female rats were used in
this study. The rats were housed in the animal facility
of the Institute for Problems of Cryobiology and
Cryomedicine of the NAS of Ukraine (Kharkiv) at
ad libitum feeding with balanced dry food (Gora,
Ukraine). Intact animals (group 1, n = 8) served as a
control. To simulate a diffuse hyperplasia of thyroid
gland (group 2, n =38), the rats were administered with
a 0.1% PTU (Sigma, USA) for 90 days in drinking
water by the method described by Polychronakos S.
etal. [17].

Cryoablation was performed with general
anesthesia: 7.5 mg / kg body weight of tiletamine
hydrochloride; 7.5 mg / kg body weight of zo-
lazepam hydrochloride (Zoletil), Virbac, France);
20 mg / kg of body weight of xylazine hydro-
chloride (Sedazine, Biowet, Poland). A linear
skin incision of up to 2 cm length was done on
the anterior neck surface of animals. To make
an access to thyroid gland, the neck subcutaneous
tissue and subcutaneous muscle were separa-
ted, the prethyroid muscles were moved aside
(Fig. 1A).

Puc. 1. KpiogecTpykuisa niBoi yacTku LL3 wypa. A — xipypriynuin goctyn; B — kpioannikatop B MOMeHT kpioBnnuey; C — Tka-
HuHa W3 6esnocepenHbo nicns kpiosnnuey. CTPINKoK BKaszaHa 30Ha NPOMOPOXYBaHHS TkaHuHK (iceball).

Fig. 1. Cryoablation of left TG lobe in rat. A — surgical access; B — cryoprobe at the time of cryablation; C — TG tissue
immediately after cryoablation. Arrow indicates the iceball in tissue.

npo6nemu kpiobionorii i kpiomeauUMHN
problems of cryobiology and cryomedicine

Tom/volume 31, Ne/issue 2, 2021



mui TBapuH BHUKOHYBAJIHM JIHIHHHNA pO3pi3 WIKipH
mo 2 cm. Jloctyn mo I3 dopmyBanu cenapaiieto
MiIIKIPHOT KJIITKOBUHHM 1 MiJIIKIPHOTO M’s3a I,
MIPETUPEOITHI M 31 Opay «Ha JePKAIKY» 1 BiJIBO-
i B Oik (puc. 1, A).

KpioBrumB nHa miBy wactky L3 mpoBommmm mpu
KiMHaTHi Temreparypi (22°C) mMimHUM Kpioarutika-
TOPOM 3 JIiaMeTpOM HakoHeuHHKa 1,5 MM 1 00’emMoM
oxonomkyBanbhol yactuan 21,99 cm?® (puc. 1, B, C),
SIKUI OXOJOKyBalu 10 TeMreparypu —196°C nuis-
XOM MPSMOTO 3aHYPEHHS B PIAKHHA a30T i BUTPUMY-
BaHHSI 10 MOBHOTO MPHUIHUHEHHS aKTUBHOTO KHITIHHS
a30Ty. 3IHCHIOBAIM OJIMH KPIOBIUIUB 3 CKCIIO3UIIIEI0
60 ¢ abo JBa MOCIIJIOBHUX KPIiOBIUIMBIB 3 €KCIIO-
suniero 120 ¢ KOXKHUH, MK NPOBEIEHHAM SIKHUX
tkanuHa 113 camoBinbHO BimirpiBamacs.

KonTpomnioBanu npouec OXOJNOMKEHHS TKaHWHHU
13 wmigb-koHcTanTaHoBuMH Tepmomnapamu  (TII),
cXeMa po3TallyBaHHs SKUX TpeICTaBIeHa Ha pHC. 2.
[Tokazanns TII peectpyBasiv 3a AOMOMOIOI MPUCT-
poiB«OBEHMB-110»1«OBEHAC4»(«OBen»,Pocis),
SKi TIAKITIOUEHI 10 TEPCOHALHOTO KOMII OTepa.
3rigHO 3 TEXHIYHUMH XapaKTEPUCTHKAMU TIPUJIaTiB
MOXMOKa BUMIPIOBaHHSA TEMIIEpaTypH CTaHOBWJA =+
+ 0,25%. Jns oOpoOKM OTpUMaHUX JaHUX BHKO-
puctoByBanmu mnporpamu «Owen Process Vana-
ger 1.2» i «Owen Report Wiewer 1.2» («Oen»,
Pocis).

VY excriepuMeHTax BH3HAYaIM HACTYIIHI MOKAa3HHU-
k# (puc. 3):

Tn_, — MiHIMaJIbHE 3HAYEHHS TEMIIEPATYPH, W10
(hikCcyeTBCST KOKHOIO 3 TepMotap (N — HoMep TepMo-
mapu, N = 1, 2, 3) y mporieci 0X0I0KeHHs 3pa3Ka,
IICJIS SIKOTO IOYMHAETHCSI T IBUIIICHHSI TEMIIEpaTypH;

ATNn — MakcuUMaJIbHA PI3HMIISL TEMIEpaTyp, IO
(biKCy€eThCS KOXKHOK 3 TEepMOIlap y IMPOIeci BHUKO-
HaHHA EKCIEPUMEHTY: TeMIIepaTypHU 1HTepBal
T,...Tn_., ne T, — Temmeparypa 3pa3ka Ha IOYATKY
HPOLECY OXOJNOLKEHHS; Tn . — MiHIMaIbHe 3HAYEH-
HsI TEMIIEPATypH ISl KOXKHOI Tepmorniapu (N — HoMep
tepmomnapu, N =1, 2, 3);

AT — MOBXMHA TOPU3OHTAIBHOI JIJSHKU Ha Tep-
MOTpaMi OXOJIO/DKEHHS, SKa BIANOBIZaE TIpoIIe-
Cy KpHCTami3arlii TKaHWHA B MICIIl TIPUKJIAICHHSI
Kpioamutikaropa: At = 1, — T, 1€ T, — 4ac 3aKiHYEH-
HSl KpHCTaizalii 3pa3ka (Touka TeperuHy KpuBOi
npu temneparypi T, Ha TepMorpami OXOJIOMIKEHHS);
T, — 4ac TOYATKy OXOJIO/DKEHHS 3pa3Ka;

At . — 4Yac OXONIO[DKEHHs 3pa3ka 10 MiHiMallb-
HOi Temmeparypu: At . = T, — T, JI€ T, — Yac, Mic-
751 3aKiHYEHHs SIKoro Oynia JOCATHYTa TeMmIeparypa
T . T, — Yac moyarKy OXOJIODKEHHS 3pasKa.

[Ticas xpiogecTpykiii TBapMHAM MOIIAPOBO Ha-
KJIaJalli IBH, TIOBEPTAIN B YMOBH BiBapiro i mpu-
muas BBeAeHHA 0,1%-ro pozumny IITY. UYepes
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TC1

“hmm

3mm

TC2

TC3

2 mm

Puc. 2. Cxema ekcnepumeHTy 3 kpiogecTpykuii LL3: A — Bu-
rnsaa cnepeny; B — Burnag 36oky. 1 — micue npuknagaHHa
Kpioannikatopa Ta 3oHa NPoMopoXXyBaHHsi (iceball); 2 — wu-
ToBMAHA 3ano3a; 3 — Tpaxes; TC1, TC2 — nonoxeHHs TI1
Ha noBepxHi LL3; TC3 — nonoxeHHst T B rmubuHi L3 6inga
Tpaxei.

Fig. 2. Design of experiment on TG cryoablation: A — front
view; B — side view. 1 — site of cryoprobe application and
the iceball; 2 — thyroid gland; 3 — trachea; TC1, TC2 — TC
location on TG surface; TC3 — TC location in TG depth near
trachea.

Cryoablation of the left lobe of TG was performed
at room temperature (22°C) using a copper cryoprobe
with a tip diameter of 1.5 mm and cooling part
volume of 21.99 ¢cm?® (Fig. 1B, C), cooled down to
—196°C by direct immersion into liquid nitrogen and
exposed until complete cessation of nitrogen active
boiling. One 60-second or two sequential 120-se-
cond cryoablation sessions separated by uncontrol-
lable thawing were performed.

The TG tissue cooling was controlled with cop-
per-constantan thermocouples (TC), the location
of which is shown in Fig. 2. The TC data were
recorded using OWEN MV-110 and OWEN AC4
devices (Owen, Russia), connected to PC. According
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Fig. 3. Typical cooling thermogram, and the parameters
we determined with it.

21 npoOy micnsi KpioAecTpyKuii TBapWH BUBOAMIH
3 EKCIICPUMEHTY IUISXOM JCKAIiTallii.

Jis  TiCTONOTIYHMX JIOCIHI/DKEHb JIiBy 4YacTKy
13 tBapun ¢ikcyBanu B 10%-My HeHTpaibHOMY
(hopmautiHi, micns 4oro iX MiAgaBasid TiCTOJOTIUHIN
poBO/Ii. [0TyBamM TicTOJOTIYHI 3pi3K TOBIIMHOIO
5-7 MKM 1 3a0apBIIOBAI TEMAaTOKCHIIIHOM 1 €03H-
HOM 3a CTaHAapTHOIO MeTomukoro [3]. I'ictomoriuni
3pi3u TOCIIDKYBAIH 3 BUKOPHUCTAHHSM CBITIIOBOTO
mikpockomna « AmScope XY L-403» («<AmScope», Ku-
tait) 3rdposoro kameporo TCC-5.0ICE (5 mPx, «Tuc-
sen», Kwurait). [{ns ricTOMOriYHOrO JIOCIIIHKEHHS
KUIBKICTB 3pi3iB JUIs KOokHOTO 3paska 113 mopiBHio-
Basia 7-9. Mopdonoriyni BHMIpIOBaHHS TPOBOJH-
T JUTSL KOYKHOTO 3pi3y 3 BUKOPHUCTAHHSIM TPOTpaMH
«AxioVision Rel. 4.8» («CarlZeiss», Himeuuuna).

Jisi CTaTUCTUYHOTO aHallizy AaHUX BUKOPHCTO-
ByBaJIM MpOrpaMHUi JopaTok «Statistica 10» («Stat-
Soft», CIIIA). Pe3ynbrati eKCIepUMEHTIB IPEACTaB-
JISUTH y BUTVISIL ME/TiaHU + IHTePKBapTUIbHUNA PO3Max
(IP), sixuii BU3HAYANH K PI3HUIIO MK KBapTHISAMHU
3- i 1-ro nopsakiB. CTarucTUYHY 3HAYYIIICTh Bij-
MIHHOCTEW MK TpyHmam# OIiHIOBAald 3a JOTIOMO-
rol0 HemapaMeTPUIHOro Kpurepito ManHa-YiTHI.
BigmianocTi BBakam 3HagymuMu mipu P < 0,05.

Pe3yabTaTu T2 00rOBOpEeHHA

[pu maxpockoniuHiit ominni I3 y iHTakTHHX
LIypiB CIOCTepirajamcs JBI YacTKH OJijo-poxe-
BOTO KOJIbOPY, MOMIpHO IIiTbHOI KOHCHCTEHIII1, 3BHU-
qaifHoi ¢opmu Ta po3mipy. [icTomoriunuii anami3
TkauuHu 113 BusBHB QonikynM pi3HUX PO3MIpIB:
OlnpIn ApiOHI PO3TAIIOBYBAalUCS B TOBIII OpraHa,
a BenMKi — Ha mepudepii. Donikyau Oynu BHCTe-
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to the technical characteristics of these devices,
the error of temperature measurement was + 0.25%.
The data obtained were processed with Owen
Process Vanager 1.2 and Owen Report Viewer 1.2
software (Owen, Russia).

During the experiments, the following indices
were determined (Fig. 3):

Tn_, is the minimum temperature value, registered
by each of thermocouples (n is thermocouple number,
n=1, 2, 3) during cooling of the samples, after which
the temperature rise begins;

ATn is the maximum temperature difference
recorded by each thermocouple during experiment,
I. e. the temperature range of T ...Tn .., where
T, is the sample’s temperature at the beginning
of cooling; Tn_ . is the minimum temperature for
each thermocouple (n is thermocouple number,
n=1,2,3);

At is length of horizontal site on cooling
thermogram, corresponding to tissue crystallization
at cryoprobe application site: At = 1, — 1, where 1,
is the time when the sample crystallization
ends (curve inflection point at temperature T, on
cooling thermogram); t, is the time of sample’s
cooling onset;

At . isthetimeregistered to cool the samples down
to minimum temperature: At = 1, — 1, where 1, is
the time of T . achievement; 1, is the time of sample’s
cooling onset.

After cryoablation, the skin incisions of animals
were sutured layer by layer. They were returned to
animal facility and the administration of 0.1% PTU
was stopped. Animals were sacrificed by decapitation
in 21 days after cryoablation.

For histological examinations, the Ileft lobe
of animal TG was fixed in 10% neutral formalin
followed by histological processing. The 5—7-pum-
thick sections were prepared and stained with
hematoxylin and eosin according to the standard
technique [13]. Then, they were examined using
AmScope XYL-403 light microscope (AmScope,
China) with TCC-5.0ICE digital camera (5 mPx,
Tucsen, China). For histological examination, the
number of sections for each TG sample was 7-9.
Each section was morphologically assessed with
AxioVision Rel. 4.8 software (CarlZeiss, Germany).

The data obtained were statistically processed
with Statistica 10 software (StatSoft, USA). The
experimental results were presented as a median +
interquartile range (IQR), defined as the difference
between third (Q3) and first (Q1) quartiles. Sig-
nificance of differences between groups was as-
sessed using the nonparametric Mann-Whitney
test. Differences were considered significant at
p <0.05.
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JeHi KyOiYHUM emiTelslieM, B iXHI MOPOKHHHI OyB
MPUCYTHIN anmao(iabHUN KOJOiJ 3 BaKyoJsIMH pe-
30p0ii (puc. 4, A).

VY mrypiB, SKUM BBOAWIIM B TUTHUH parttioH 0,1%-i
pozunH IITY, 3Bepranu Ha cebe yBary 30iiblueHi
pO3MipH 1 BHpakeHa MIITBHICTh 3al103u. MiKkpocko-
IiYHEe JOCIIHKEHHS BUSIBUJIO MATOTICTOJNOTIUHI 3Mi-
Hu (puc. 4, B). YacTku 3amo3u Oynu B OCHOBHOMY
YTBOPEH1 MiKpOMOIIKYJIaMH i3 3aTUIIKAMH [IITEHOTO
0azodibHOrO KOJI0iny a0 0e3 Hbporo. MDosiKyIsIp-

Results and discussion

Macroscopic evaluation of intact rats’ TG showed
two moderately dense lobes of normal shape and
size, of pale pink colour. Histological analysis
of TG tissue revealed the follicles of different
sizes. The smaller ones were located in organ
interior, and the large ones were at the periphery.
Follicles were lined with cubic epithelium, and
an acidophilic colloid with resorption vacuoles was
seen in their cavity (Fig. 4A).

Puc. 4. MikpodoTorpadii 3pisiB L3 wypa: A — koHTponb (rpyna 1); B — BBegeHHsA 0,1%-ro posuuny MTY (rpyna 2).

3abapBreHHs1 reMaToKCUIIHOM i €03MHOM.

Fig. 4. Micrographs of rat TG sections: A — control (group 1); B —administration of 0.1% PTU solution (group 2). H&E stain.

HUU eniTeniii MaB npusMaTuuHy QGopmy, OyB po3Ta-
LIOBaHMWHK B KiJIbKa IIApiB, MPAKTHYHO MOBHICTIO 3a-
MOBHIOIOUM MPOCBIT Qorikynis. Yacto 3ycTpivanucs
(OJIKYTH 3 COCOYKOBUMHU CTPYKTypaMmu. Takum 4u-
HOM, TICTOJIOTIYHI JOCHIJUKEHHS IIOKa3aJad 3Ha4H1
CTPYKTYpHi 3MiHM B TKaHuHi L3 mrypis, siki oTpu-
myBasu I1TY.

Bimomo, 1mo oxonomKeHHS HOPMallbHOI TKaHWHI
I3 mo —20°C € mocrarHiM A TOTO, MO0 CIPUYH-
HUTH HEKPO3 KIIITHH, 3MiHY TICTOJIOTIYHOI CTPYKTYpH
oprasa i 3HWKCHHsI TpoAyKii ropmoHiB [18]. Buxo-
IST9H 3 X JaHux temmeparypa —20°C Oyma oOpaHa
MiHIMaJIbHOIO (I[JIbOBA), Ky HEOOXiJHO 3a0e3medn-
TH B 30HI TIPOMOPOXKYBaHHS ISl KOPEKTHOTO MOJIe-
JIIOBaHHS Tpoliecy KpiopecTpykiii Tkanuuu [113.

VY nporueci kpioBmmBy Ha L3 B Ko’kHOMY eKcrie-
PUMEHTI crocTepirain 30Hy MPOMOPOXYBaHHS Jia-
MmetpoM (3 £ 0,2) mm (nuB. puc. 1, B). Tepmorpamu
OXOJIO/IKCHHSI, sIKi Oynu 3apeecTpoBaHi B Mpoleci
3aMOpOKYBaHHS 3pas3KiB, Majll 3arajbHy O3HAKy —
HasIBHICTh TOPU30HTAIBHOT AISIHKH Ha TOYaTKOBOMY
eTari OXOJIOKEHHA (T, ... T,), BIIPOIOBXK SKOI TEMITe-
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The rats received 0.1% PTU had increased TG
of considerable density. Microscopic examination re-
vealed some pathohistological changes (Fig. 4B).
The gland lobes were mostly formed by microfol-
licles with residues of dense basophilic colloid or
without it. Follicular epithelium had a prismatic
shape. It had several layers, and filled almost all
follicle lumen. Follicles with papillary structures
were common. Thus, histological studies showed sig-
nificant structural changes in TG tissue of PTU rats.

It is known that cooling of intact TG tissue down
to —20°C may cause cell necrosis, change organ’s
histological structure and reduce hormone production
[18]. Taking into account these data, we selected the
temperature of —20°C as the minimum, which should
be achieved in the iceball to simulate TG tissue
cryoablation.

During TG cryoablation, the iceball of (3£0.2) mm
diameter was observed in each experiment (see
Fig. 1B). The cooling thermograms, registered during
samples’ freezing had a common feature, i. e. the
horizontal segment at the initial stage of cooling (t,,...7,)
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parypa 3paska ne smintoBanacs (T, =T,) (nuB. puc. 3).
TopusonTanbHa AiiAHKa (T ... T,) HA KPUBIH OXONO/-
KEHHS1 00yMOBJIEHA B3a€MHOIO KOMIICHCALIIEIO XOJI0-
JIOBOTO BIUTUBY KpioaIlTiKaTopa Ha TKaHWHY Ta MUTO-
MOi TEMJIOTH KPUCTAJIOyTBOPEHHS, KA BHILIAETHCS
B TIpOIECi 3aMOpOXKYBaHHS BiAMOBIAHOI MiJITHKA
TKaHUHU. [lOBX1HA Li€l TUISIHKY 32 OIHAKOBUX YMOB
OXOJIOZIKCHHS 3HAUHOI0 MIPOIO 3aJICKUTh Bij TEIUIO-
(hIBUIHUX XapaKTePUCTUK 3pa3ka Ta OCOOIMBOCTEH
HOTO TiCTOJIOTIYHOT CTPYKTYPH.

CriocrepexyBaHHH Jalli Ha KPUBUX OXOJIOJKEH-
Ha piskuid cnan temneparypu (T,...T)) na pingami
(T, ...T,) HOB’3aHUH 3 OXOJIOKEHHAM OilbII NIMOO-
KHX [apiB TKaHWUHU (auB. puc. 3). JlocTarHs Kiib-
KICTh XOJIOY, IIO HAAXOIUTh Bifl KpioarutikaTopa,
3a0e3Iiedye MoJaibplly KPUCTAII3AIIKD BOAU y HUX,
TOml K HENOCTATHSA KINbKICTh BUKJIMKAE ITOBUIBHE
OXOJIOZIKCHHSI TKAaHUHH 0€3 KpPHUCTaJIOyTBOPEHHS. Y
[EpUIOMY BHUIAAKy Ha KPHUBIH OXOJOMKEHHS CIIO-
CTEPITAEThCSA 1E OJJHA TOPU3OHTAIBHA ALIAHKA (T,...
T,) B iHTepBaJ.Ii temneparyp (T,...T,), B JIpyromy BH-
MaJIKy — TIOBUIbHE 3HIDKEHHS TeMIIEpaTypy Bij 3Ha-
uennsa T, no T__ . Ilicis pocarnenns T . Ha qinsuii
KpHBIiii (T > T,) BiZI0Opa)KaeThCs IMiABUILECHHS TEMIIe-
parypu TkauuHu L3 BHACNiZOK KOHBEKTHBHOIO Ha-
IpiBY MiJIHOTO aruTiKaTopa HABKOJIHILIHIM HOBITPSIM.

KpuBi oxonomkeHHs, OTpUMaHi B €KCIIEPUMEHTI
Ha TBapHHAaX, MOXKYTh MaTW I€BHI BIJIMIHHOCTI s
pi3HUX 0CcOOUH, aje 3araJlbHUi BUIMIAJ KPUBOI OXO-
JIOJKEHHS 30epirae onvcaHi TeHISHII].

3HadueHHs MiHiManbHOI Temneparypu (T, ), saka
(hikcyBamacsi 3a JOTIOMOTOIO TIEPIOi TEPMOIapH
(TTI1), 3Haxomumwcs B iHTepBam Bix —24 go —47°C
ak npu kpiogectpykmii I3 xonTpombHEX (Tpy-
na 1), Tak 1 eKcrepuMeHTanbHUX (rpymna 2) TBapuH
(puc. 5, A). Takum unHOM, IIPU JAHOMY THIII Ta KOH-
¢irypanii kpioarutikatopa B 30HI TPOMOPOXKYBaHHS
Jocsranacs 1ijboBa Temieparypa —24°C 1 Hukue,
HE3aJIeKHO BiJ CTPYKTypH TKanuHU L113.

Tepmorpamu, siki (ikcyBanucsi 3a JIOIOMOTOIO
apyroi repmonapu (TI12), xapakTepusyBanucsi MeH-
UMK 3HadeHnavu T, (Bim 4,8 mo —14,5°C), mo
MOSICHIOEThCS OibIIor0 BignanenicTio TI12 Bix 30HM
puKIageHHs Kpioarutikaropa (puc. 5, B, C). Ilpu
IbOMY 3HA4YCHHS MEiaH AT2 u Armin 3HAYyIIEe He
BIZIPI3HSUTHACS. Y TBapUH 000X T'pyIl, POTE MOKA3HUK
AT, IKUH XapakTepU3sye JIOBKHUHY IUIHKH (T, ... T),
OyB cratuctuuHo 3Hauymie (P < 0,05) Oimpmum y
3paskax 13 i3 mudysHoro rinepriasieto (rpyna 2)
y TIOpiBHSHHI 3 KOHTposeM (rpyna 1). Otpumani pe-
3yJBTaTH CBiTYaTh MPO BIAMIHHOCTI TEMIO(Qi3UYHUX
XapaKTePUCTHK I1HTAKTHOI 1 MATOJOTIYHO 3MiHEHOI
mig giero [ITY Ttkanwau 1113.

OpmHAM 13 IPUHIIMIIIB KpioXipyprii € 3a0e3rneueH-
HS1 JIOKAJIbHOT JECTPYKLii TKAHUHH IPU JOCUTH HU3b-
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during which the sample’s temperature remained
unchanged (T, = T)) (see Fig. 3). The horizontal site
(T,---t,) on cooling curve was stipulated by the
mutual compensation of cold effect of cryoprobe on
tissue and specific heat of crystal formation, released
during freezing of the corresponding site of tissue.
Under the same cooling conditions, the site length
largely depended on samples’ thermophysical cha-
racteristics and its histology.

A sharp decrease in temperature (T,...T))
observed on cooling curves at the site (t,...t,) was
associated with cooling of deeper tissue layers
(see Fig. 3). Sufficient amount of cold, coming
from cryoprobe provided further -crystallization
of water, whereas an insufficient amount caused
slow cooling of tissue with no crystal formation.
In the first case, we found one more horizontal
site (1,..t;) on cooling curve within (T,...T,)
temperature range, and in the second case there
was slow temperature decrease from T, value down
to T .. After reaching T ., the curve site (t > 1)
showed a temperature increase in TG tissue caused
by surrounding air convection heating of copper
probe.

The cooling curves, obtained in animal expe-
riment may have some distinctions for different
individuals, but the genral view of the cooling curve
retains its tendency.

The values of minimum temperature (T, ),
recorded by the first thermocouple (TC1), were
within the range from —24 to —47°C in TG cryoab-
lated control (group 1) and experimental (group 2)
animals (Fig. 5A). Thus, using this type and con-
figuration of cryoprobe, the required temperature of
—20°C and below was achieved in the iceball
regardless of TG tissue structure.

The thermograms, recorded by second thermo-
couple (TC2) were characterized by lower values
of T, . (from 4.8 down to —14.5°C), which might
be interpreted by the greater distance of TP2
from the cryoprobe application area (Fig. 5B, C).
Herewith, the medians of AT, and At . did not
significantly differ between animals of both groups,
but the index of At, characterizing the length of
(t,.-T,) site, was significantly (p < 0.05) higher in
TG samples with diffuse hyperplasia (group 2)
as compared with the control (group 1). Our
findings display the differences in thermophysical
characteristics of intact TG tissue and the PTU-
altered pathological tissue.

To ensure the local tissue destruction at quite
low temperatures, and preservation of adjacent
vital structures is among the principles of cryo-
surgery. This effect is possible due to a pro-
tective thermal effect of blood circulation [12,
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KHX TeMIIeparypax, aje 3 OJHOYaCHUM 30epeKeHHIM
NPUWIENINX KUTTEBO BAXIUBHUX CTPYKTYyp. Taxuit
e(eKT MOXJIMBUU 3aBISIKA 3aXUCHIM TEIUIOBIN il
KkpoBooOiry [14, 26]. OnHak B KO)KHOMY KOHKPETHO-
My BHIAJKy HEOOX1THO BU3HAUaTH TEeMIIEPaTypH Mij
yac KpioBIIUBY. Bizomo, 110 B mporeci KpioBILTHBY
B TKaHUHI (QOPMYIOTBCS 30HH 3 TPATIEHTOM TeMIIe-
paryp BiJ HeTaTUBHHUX (30Ha ITPOMOPOXKYBaHHS) 10
MMO3UTHBHUX (30HA TrinorepMii) [6]. Y Hammx ekcre-
pPUMEHTaX NMPUHLUIIOBO BaXKJIMBUM Oys0 3’sCyBaTH,
sKa TEMIIEpaTypa IOCATAETHCS B MICI 3 €THAHHS
113 i3 Tpaxeeto, mius doro Oyma Bukopucrtana TII3.
OnHOYacCHWM MOHITOPHHT TeMIIepaTypy 3a JIOTIOMO-
rofo TII1 (6mm3pko 30HM TpoMopokyBanHs) Ta T1I3
(Onu3bKo Tpaxei) mokasas, 10 OJU3BKO Tpaxel MiHi-
ManbHa Temneparypa T, . 3Haxomumacs OuIsA HyJIbO-
BUX Temriepatyp (Bix 4,8 no —3,1°C), a B 30H1 mpomo-
poxysanns T, . carana no —41,3°C (puc. 6).

VY panime omyOmikoBaHHX poOOTax Oyiaw BHKO-
pucTasi pi3Hi pexumu Kpiogectpykuii 1113, sxi Big-
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Puc. 5. PenpeseHtatuBHi Tepmorpamu oxonomxeHHs LLU3
wypiB 1 (KOHTponb) Ta 2 (ekcnepumeHT) rpyn: A — Tep-
Morpamu, ski dpikcyBana TI1 nig 4ac kpiogecTpykuil
L3 wypis rpynun 1 (kpmsa 1) Ta rpynu 2 (kpusi 2-4); B, C —
Tepmorpamu, siki cpikcyBana TIM2 npu kpiogecTpykuii L3
wypis 1 (B) Ta 2 (C) rpyn. Lindpamu BrkasaHa T, ska
AOCArHyTa B €KCNEPUMEHTI.

Fig. 5. Representative thermograms of TG cooling in
rats of groups 1 (control) and 2 (experiment) rats: A —
thermograms recorded by TC1 during TG cryoablation
in rats from groups 1 (curve 1) and 2 (curves 2-4); B, C —
thermograms recorded by TC2 during TG cryoablation

in rats from groups 1 (B) and 2 (C). The T ., achieved
in experiment is indicated by figures.
26]. However, the temperatures during cryo-

ablation should be monitored in each case. It is
well known that the areas having temperature
gradient from negative temperature (the iceball)
to positive one (hypothermia area) are formed
in a tissue during cryoablation [5]. In this
research, of great importance was to find out the
temperature, reached at the site of TG junction
with trachea. The TC3 was used for the pur-
pose. Simultaneous temperature monitoring by
means of TC1 (near the iceball) and TC3 (near the
trachea) showed the minimum temperature T, .
near trachea to be about zero (from 4.8 down to
-3.1°C), when T, . reached —41.3°C in freezing
area (Fig. 6).

In recent papers, various modes for TG cryo-
ablation have been reported [11, 18, 19]. They
differ in cryoaprobe exposure time and the number
of cryoablation sessions (single cryoablation for
60 s and double for 45 and 60 s.

Taking into account different thermophysical
characteristics of TG tissue with PTU-induced
diffuse hyperplasia, the use of cryoablation modes,
established for the intact tissue, was incorrect.
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PI3HSJIUCS 32 4YacoM eKCIIO3UIll Kpioarutikatopa
1 KUIBKICTIO KpIOBIUIMBIB: OJHOPA30BHH BIPOJOBXK
60 ¢ i gBopasoBmii BrpomoBk 45 Ta 60 ¢ [5, 18,
19].

3 omisigy Ha BiAMIHHOCTI TeIUIOQi3MYHUX Xa-
pakrepuctuk Tkanuau L3 i3 IITY-inmykoBaHOIO
TU(Y3HOIO TiMepIria3i€lo BUKOPUCTAHHS PEKHUMIB
KpioJIeCTPYKIIii, BCTAHOBJICHUX TSI HOPMAJIBHOT TKa-
HUHH, OyJI0 HEKOPEKTHHM. Y 3B’A3Ky 3 IIUM, HaMHU
OyJ10 BUBUCHO MATOTICTOJIOTIYHI 3MiHK TKaHWHHU 1113
LIypiB IpynH 2 3a Pi3HUX PEKHUMIB KpioBILIUBY. Jliist
MOPIBHSIHHS MU BHOpAIN J[BAa PEKUMHU KPiOBILIHBY:
1 — oaHOpa3zoBHWil 3 EKCIO3WIIEID Kpioarulikaro-
pa npotsirom 60 ¢; 2 — 1BOpPa3oBUil 3 EKCHO3UITIEIO
Kpioarutikaropa npoTarom 120 ¢ KOKHHH.

lNcromoriunmii anamiz 3paskiB 113, nigmanux
KpiogecTpyKuii 3a 000oMa pexuMaMu, MoKa3aB marTo-
JIOT1YHi 3MiHM TKaHWHW Ha 21-mry 100y micis ore-
pauii. Y TkaHuWHI, TiIAaHid KpiOBIJIMBY 3a PEXU-
MoM 1, crioctepirasiocst Borauiue (Gidpo3y y BUIIsAL
MiBKy/Tl 3 BHP@KEHUMHU O3HaKaMH BaCKyJIsIpU3alii
Ta HE3HAYHOIO JIM(OIUTAPHO-TICTIOMUTAPHOI 1H-
¢insrpamiero (puc. 7, A). Ilpn npomy rmmbuHa, Ha
SIKY TIOITUpIoBasucs GiOpo3Hi 3MIHH, B CEPETHHOMY
cranoBmia (279,5 £ 50) mxm, a mmpuHa — (384 +
165,5) MxM.

[Ticast KpiOBILIMBY 3a PEKUMOM 2 Yy TKaHHHI
L3 criocTepiranucst moaioHI ricTONaToMOTIYHI 3MIHN

40
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Puc. 6. PenpeseHTaTuBHi TepmorpaMmu OXONOMKEHHS
W3 wypiB rpyn 1 (kpuei 1, 3) Ta 2 (kpuBi 2, 4), Aki
ogHovacHo peectpyBanucsa TM1 (kpmsi 1, 2) ta TMN3
(kpuBi 3, 4). Uncbpamu BrkasaHa T, [OCATHYTa B eKcre-
pumeHTi. [NprBeaeHO AaHi 4BOX eKCNEPUMEHTIB.

Fig. 6. Representative thermograms of TG cooling in
rats of groups 1 (curves 1, 3) and 2 (curves 2, 4), re-
gistered simultaneously by TC1 (curves 1, 2) and TC3
(curves 3, 4). The T . achieved in the experiment is
marked by figures. The data of two experiments are
shown.
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Puc. 7. MikpodoTorpadii 3pisis L3 wypis rpynu 2 Ha 21-
Ty o6y nicns kpioBnnuBy: A — KpIiOBMMUB 3a pPexnMom 1;
B — kpioBnnuB 3a pexvmom 2. CTpinkamu no3HavyeHo 30Hy
¢ibpoasy.

Fig. 7. Micrographs of TG sections of rats from group 2
to day 21 after cryoablation: A — cryoablation by mode 1;
B — cryoablation by mode 2. Arrows indicate the fibrosis
area.

In this regard, we have studied the histopa-
thological changes in TG tissue of group 2 rats
under different regimens of cryoablation. To com-
pare, we have selected two modes of cryoablation:
the mode 1 was a single procedure with 60-second
cryoprobe exposure; the mode 2 consisted of two
procedures with 120-second exposure each.
Histological analysis of TG samples, subjected
to cryoablation by both modes showed patholo-
gical changes in tissue to day 21 after surgery. In
tissue cryoablated by the mode 1, we observed a
hemisphere-shaped focus of fibrosis with pronoun-
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(puc. 7, B), npote 30Ha idpo3y Oyna Habarato Oiib-
moro: nmouHa (1156,5+185,7) MM, mupuna (812,5+
189) MkM.

Binomo, 1o MexaHi3M KpioieCTpyKIlii TKAHUHI Ma€e
nBa acriektu [6, 10, 11]. [To-nepuie, npsiMe MOIIKO/-
KEHHS KIIITHH, BUKJIMKaHE (AKTOpaMH 3aMOPOXKY-
BaHHS-HarpiBaHHA ((pOpMyBaHHS BHYTPIIIHBO- Ta
MO3aKJIITHHHUX KPUCTAJIB JIbOLY, KOHLEHTPYBaHHS
BHYTPIITHHOKIITHHHOTO CEPEIOBUIIA BHACIIIOK BHU-
MOPOXKYBaHHSI BOIH, JIeHaTyparlis OinkiB). [To-mpy-
re, BIICTPOYEHi Mmoii, SKi BiIOyBaIOTHCS B KIIITHHAX
1 MIKpOOTOYEHHI (aromnTo3, imemist BHaCIiI0K pyiHY-
BaHHS MIKPOCYIMHHOTO pycia, HaOpsK, 3araleHHs).
OOuaBa THUIH IOIIKOMKEHHS 3ajIeKaTh BiJ IIBUI-
KOCTI OXOJIOJDKEHHSI, 33/1aHO0i KiHIIEBOI TeMIeparypH
OXOJIO/IKCHHS Ta PEKUMY BiaTaBaHHs. Bukopucran-
HSl BHCOKOI IIBUJKOCTI OXOJIOPKEHHS IMPH3BOAUTD
JI0 TiIBUIICHOTO YTBOPEHHS BHYTPILIHbOKJIITHHHUX
KpHUCTaTiB JIboAy. [Ipy 1bOMY IIBUAKICTH OXOJIOIKEH-
Hs, a, OTXKE, 1 MpsIME TONIKOJKCHHS KJIITUH OyIyTh
OLTBIIMMHK B MiCIIi arumikamii Kpio30HAa i MEHIIUMHU
Ha niepudepii 30HM TPOMOPOKYBaHHs. BiamosigHo,
TTOMOBKCHHSI €KCITO3HUIIIT KpioaruTikaropa IpH JOCsT-
HEHHI IJTbOBOT TeMITepaTypH 301IbIIye HMOBIPHICTH
MIPSIMOTO YIITKOKEHHS KIIITHH Ha Tiepudepii.

Kimituan pi3HUX TKaHWUH IEMOHCTPYIOTH HEON-
HaKOBI TOPOTOBI 3HAYEHHS XOJIOIOBOI UYTIHUBOCTI.
Hunst HopmanbHOT Tkanuau 113 mrypiB emmipudHo 11i
MOKa3HUKHM Oyinu BU3HaueHi B poboti L. Pomorski Ta
criBapT. [19]. ¥V nawiii poOOTi BCTAHOBICHO YMOBH
KpiogecTpykuii TkauuHu (3 3 maronoriuHo 3miHe-
HOIO cTpyKTypoto. BusiBunocs, mo I1TY-ingykoBana
nudys3Ha Tinepruiasisi TKAaHWHU XapaKTepu3yBajiacs
3MEHILIEHHAM KOJIOITHOTO BMICTY (OIIIKYIIB 1 30171b-
LICHHSIM KUIBKOCTI KJIITUH B iXHbOMY ckiami. [lpu
bOMY 3MiHa TETUTO(I3UYHUX XapaKTEPUCTHK TKa-
HUHU TIPU3BeNa A0 MPUOIU3HO JABOKPATHOTO 301Tb-
IIEHHS JOBXHHM JUISHKK (T, ... T,) Ha KPHBiH 0X0-
JIOMKEHHSI.

VY Kkpioxipypriuniii NmpakTHLi KiUTbKICTh LUKIIB
3aMOpOKYBaHHS-HAIPiBaHHA Ta Yac EKCHO3MLii 3
KpioarIikaTopoM BapilOlOTh 3aJI€KHO BiJl TKAaHHHH.
VY pob6ori L. Pomorski Ta cmiBapr. [18, 19] B ekc-
TepuMeHTaX Ha HOpPMalbHIM TkanwHi I3 mrypis
BUKOPHUCTOBYBAJIM JBAa IIOCIiZOBHUX KPUOBIUIMBU 3
excriosutiero 60 ta 45 c. Jlmsa xpiogecTpykIlii maro-
sorigyHo 3MiHeHoi Tkanuuu 113 momuun B.B. Xa-
31€B Ta CITIBaBT. [5] BUKOPUCTOBYBAIM OIHOPA30BUIi
60-cexyHHHul KpioBIUMB. J{Jsl "yepe3mKipHoi Kpio-
nectpykiii 300a 11[3 M. Hamed Ta cmiBapr. [13]
3aCTOCYBaJM TPUKPATHUN KPIOBILIMB, KOXKHUH TpH-
BamicTio 180 c¢. Y Hammiii poOoTi BCTaHOBJICHO, IO
oxHopazoBuii kKpioBumB Ha 113 i3 nudysHoro rinep-
IUIa31€10 MPH eKCHO3MLIT Kpioarlikaropa BIOPOJOBXK
60 ¢ pyiiHye TKaHUHY Ha IMOKUHY He Oibire 0,3 MM.
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ced signs of vascularization and slight lympho-
cyte and histiocyte infiltration (Fig. 7A). Herewith,
the depth to which the fibrotic changes were ex-
tended, averaged (279.5 £ 50) um, and the width
was (384 £ 165.5) um.

After cryoablation by mode 2, the TG tissue
showed the same histopathological changes (Fig. 7B),
but with much larger fibrosis area, (1,156.5 + 185.7) um
depth and (812.5 = 189) um width.

As it 1s well known, the mechanism of tissue
cryoablation includes two aspects [5, 7, 8]. First,
it is direct cell damage caused by freeze-warming
factors (formation of intra- and extracellular ice
crystals, concentration of intracellular medium
due to water freezing, protein denaturation). Second,
there are the delayed events occurring in cells and
their microenvironment (apoptosis, ischemia as
a result of microvascular bed destruction, edema,
inflammation). Both types of injuries depend on
cooling rate, fixed final temperature of cooling
and thawing mode. The use of high cooling rates
results in the increased intracellular ice crystal
formation. Therefore, the cooling rate and direct
damage to cells will be higher at the cryoprobe
application site and lower at the iceball periphery.
Accordingly, the prolongation of cryoprobe expo-
sure after reaching the target temperature increases
the probability of a direct damage to cells at the
periphery.

Cells of various tissues show different threshold
values of cold sensitivity. For the intact rat TG tissue,
these indices were empirically determined by L. Po-
morski et al. [19]. In this research, we have estab-
lished the cryoablation conditions for the TG
tissue with pathologically altered structure. It has
been found out, that the PTU-induced diffuse
hyperplasia of tissue is characterized by a decrease
in colloidal content of follicles and the increased
cell number within the follicles. Thus, the change
in tissue thermophysical characteristics resulted
in an approximately twofold increase in the length
of (t,...7,) site on cooling curve.

In cryosurgical practice, the number of freeze-
warming cycles and exposure time with cryoprobe
vary depending on tissue type. L. Pomorski et al.
[18, 19] in the experiments with rat TG tissue under
normal conditions, have used two sequential cryo-
ablations with 60- and 45-second exposures. For
cryoablation of pathologically altered human TG
tissue, V.V. Khaziev et al. [11] have used a single
60-second cryoablation. For percutaneous cryo-
ablation of TG goiter, M. Hamed et al. [10] have
applied a triple cryoablation, 180-second each.
Here, a single cryoablation of TG with diffuse
hyperplasia under 60-second cryoprobe exposure




30inpmenHs yacy ekcro3unii 1o 120 ¢ Ta KigbKOCTi
CCAHCIB KPIOBIUTUBIB JI0 JBOX MPHUBOIMIO O OiITBII
BaroMoro pes3yabrary: KpiogecTpykuii Tkanuau 113
Ha NIMONHY OinbIre 1 MM.

BucHoBkn

1. IlopiBHSAIIBPHE BUBYCHHS TEMITCPATyPHHUX 3MiH
y miporieci kpioBImuBy Ha 11[3 m03BOIMIIO BCTAaHOBH-
TH BIIMIHHOCTI TepMorpam 3pa3kiB intaktHoi 113 Ta
3 [ITY-inayxoBanoi I, ski kopemoroTh 3 TepModi-
3UYHUMH XapaKTePUCTUKAMH TKAaHUHU.

2. Y mypiB 3 nudy3Horo rinepruiaziero 1113 epexr
pyHHYBaHHS TKaHHHU HAa DIMOMHY Oijblie HiX 1 MM
JOCATAETHCS TBOPA30BUM KPIOBIUIMBOM 3 €KCIIO3H-
Li€ro Kpioarutikatopa BrpogoBx 120 c.

3. Ilpu kpiomectpykuii L3 3 audysHoro rimep-
IUIa31€10 KPioaIulikaTOpoM 3 BUILCHA3BaHUMH Xapak-
TepucTUKaMHu MpoTaroM 120 ¢ y 30HI IPOMOPOXKY-
BaHHSI JOCSTAIOTHCA LJIbOBI 3HAYCHHS TEMIIEPaTypH
(-20°C Tta Hmxue), TOAI SK B 30HI Tpaxei crocre-
piraroTbcs OUIAHYIBOBI TEMIIEpATypH, SKi HE € KpH-
TUYHO HU3BKUMH IJIS )KUTTEBO BAXKIIMBUX CTPYKTYP.
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has been shown to destroy the tissue to a depth
of not more than 0.3 mm. Increasing the exposure
time up to 120 s and performance of 2 cryoablation
sessions led to even more significant results, such
as the TG tissue cryoablation to a depth of more
than 1 mm.

Conclusions

1. A comparative study of temperature changes
during TG cryoablation enabled establishing the
differences in thermograms of samples of intact TG
and those with PTU-induced DH, that correlated with
thermophysical characteristics of tissue.

2. In rats with TG diffuse hyperplasia the effect
of tissue destruction to a depth of more than 1 mm
was achieved by double cryoablation with cryoprobe
exposure time of 120 s.

3. During 120-second cryoablation of TG with
diffuse hyperplasia, the target temperature values
(=20°C and below) in the iceball were reached if
using a cryoprobe with the mentioned above cha-
racteristics, whereas in tracheal area the near-
zero temperatures were observed, which were not too
low to damage the vital structures.
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