AHOTALIA
llobenencokuti K.O. KpioaecTpykilisi IMMUTONOAI0HOI 3a1031u 3 AU(Y3HOIO
rinepryiazie;o  Ha  (oHI  apTepiaibHOI  TinepTeH3ii  (eKCnepuMEeHTalIbHe
nociikenHs ). — Keamidikaiiiiina HaykoBa mpaiisl Ha IIpaBax pyKOMUCY.
Huceptanis Ha 37400yTTS HAyKOBOTO CTymHeHs JokTtopa (inocodii 3a
cnemianbHicTiIO 222 «Meaunuua» (ramy3b 3HaHb 22 «OXOpoHa 3710pOB’s»)

[actutyT npobsem kpioGionorii 1 kpiomeaunuan HAH Ykpainu, Xapkis, 2021.

Ha croromni kpioaGmsilis po3riisiIa€ThCsl sIK MIHIMQJIBHO 1HBA3UBHUN MIAX1]
710 JIIKyBaHHsI JOOPOSIKICHUX BY3JIOBHX YTBOPEHB IuTONoAi0HO1 3an03u (1113). Bin
Mae Oarato TmepeBar, cepel SKMX HH3bKa COO0IBapTICTh Ta MAaJIOIHBa3UBHICTH
orepailii, MOKJIUBICTb MPOBEJICHHS KPIOACCTPYKIIII YePE3MKIPHO MiJ] KOHTPOJIEM
€HJOCKOIIYHOT TEXHIKH, 3HW)KCHHS PHU3UKY KpOBOTEYl, MiHIMI3allisl aHecTesii,
CKOPOUCHHS dYacy omepallii Ta ImicisonepaiiifHoro moriasay. bugsm  Toro,
0COOJIMBICTh METOY KP1OJECTPYKIIii, a came (popMyBaHHS 30HH ITPOMOPOKYBAHHSI
(iceball), mae MOXJIUBICTH YITKO KOHTPOJIIOBATH JECTPYKTUBHUN BIUIUB Ha
TKaHUHY TIiJ] Yac orepairii, OCKUIbKH 3aBISIKH 3MIHEHHIO (DI3UYHUX XapaKTEPUCTHK
30Ha MPOMOPOKYBaHHS Bi3yanizyeThes 3a gormomororo MPT ta KT.

Pe3ynpTaT KpioXipyprivHoro BTpy4aHHs Oyjne 3ajekaTd BiJl IHIAUBITYyaIbHUX
0COONMBOCTEH TKAaHWHHU, TEMIEpaTypu, SKy TeHepye Kploarurikarop, dYacy
€KCITO3HUIIi1, KUTBKOCTI ITUKJIIIB «3aMOPOKyBaHHA-HarpiBaHHs». KpiMm Toro, sk Oyio
paHillie BCTAHOBJIICHO, IMapaMeTPH KPOBOOOITy (HAasIBHICTh KPYMHUX CYAHH. TIJIOIIA
MIKPOIIUPKYJIAIIT TOIIO) TKAaHWHUW MAlOTh 3HAYHWHA BIUIMB Ha €(QEKTUBHICTH
KpIOJECTPYKIIii, TEPEenIKoKAl0un 3HIKEHHIO TemriepaTypu. Lle € 1iikom
cupaBeamuBuM i 113, OCKITbKM BOHA BIJHOCHUTHCS JIO0 OpraHiB 3 BEIHKOIO
MIBUAKICTIO KPOBOOOITY Ta MIUTFHOIO BACKYJIAPU3AIIIEIO.

I'opmonanbaa muchynkimis I3 (rimo- Ta rimepTHpeo3) MIBHINYE PHU3UK
BUHUKHEHHS apTepialibHOI TinepTeH3ii. ['icTonaroaoriydi 3MiHA CyAMHHOTO pycia
32 yMOB apTepilajbHOl TINEepTeH3li BIUIMBAIOTh Ha TEIUJIONPOBIIHICTh Ta

TeIUIOEMHICTh TKaHuHU 1113, a 3HAYUTh — ¥ HA PE3ybTAT 1i KP1OJAECTPYKIIii.



Omxe nns onTuMmizalii pe3ynprariB Kpioxipyprii I3 Ta BuOOpy TakTHUKH
MpOBEJICHH KpioAecTpykiii matosoriyHo 3miHeHoi II[3 Ha Qoni aprepianbHOi
rinepTeH3ii € HeOOXIAHUM BHU3HAUCHHSI KOPEKTHOTO PEXUMY KPIOBIUIUBY (4acy
€KCIIO3UIIIT KploarulkaTopa, LUIbOBOI TEMIEpATypH 3aMOPOXYBaHHS TKAHUHH,
KUTBKOCT1 KP1OBILIUBIB).

Buxonsun 3 BHIIEHABEACHOTO, AMCEpTalliiiHa poOoTa MPUCBIUYECHA BUBYCHHIO
BIUIMBY CTaHy apTepiajbHOI rinepTensii Ha pe3yabrat kpioadmusauii Tkanunu 113, a
TaKOX ONTHUMI3allii pexxumMiB kpiogectpykiii L3 3 mpomnintioypanisa-iH1yKOBaHOIO
Iu(y3HOIO TINEPIUIa3i€l0 Ta OI[HI[I AaKTUBHOCTI PEreHepaTUBHUX IPOLECIB Yy
TUPEOITHOMY 3IHUIIKY MICISA KP1OJAECTPYKIII.

Jliiss BUKOHaHHS pOOOTH BHKOPHUCTOBYBAJIW CIOHTaHHO-TIMEPTEH3WBHI IIypH
miii SHR, ski xapakTepu3ylTbCs T€HETUYHO-IETEPMIHOBAHUMU 3MIHAMH Y
ceprieBo-cynuHHiA cucteMi. Ilarodizionoriuni Ta mnaTomMopdoJOTiYHI O3HAKH
rinepToHii (MIJBUINEHI TOKAa3HUKU CHCTOJIIYHOTO THUCKY, (GIiOpOTHYHI 3MIHU
CYIMHHOTO pycClia, TIOTOBIIECHHS CTIHKUA CYJWH, TIMEpIuIa3is TJaJeHbKOM'S30BUX
kaiTiH y t. media) y i€l miHii nypiB HaHOUIbII OJU3bKI 0 TAKUX Y JIFOAWHH.

[Mponintioypanun (IITY) e TupeocTaTukoM, SIKHHM IITUPOKO 3aCTOCOBYETHCS
JUIS. MOJICITIOBAHHS TinoTupeo3y 1 rineprutasii I3 y mypis. Bin npurnidye cuate3
TUPEOITHUX TOPMOHIB IUIAXOM MPUTHIYEHHS aKTUBHOCTI TUpeornepokcuaasu B 1113
1 OJoKye TIEpeTBOPEHHS THUPOKCHHY B TPUHOATHPOHIH Ha mepudepii.
CnocrtepexxyBane mpu 1boMy migBuimieHHs piBas TTD  npusBoauts 10
XapakTepHux mnaToMopdonoriyaux 3MmiH mapenximu I3, ski BupaxaroTbcs B
30uIbIIeHH] BHCOTH  omikynsipHoro emitenito (B®E), 3pocrtanni suepHo-
nuToriasMaTuaHoro BimHomeHHs (A1[B) tuporuTis, dbomikynsproi rimeptpodii 1
rinmepruiasii.

Ha mepmomy erami po6otu HEoOXimHWM Oysi0 BUBUHMTH crHelupiYHUNA Ta
cucreManii BB [ITY Ha CHOHTAaHHO-TIMEPTEH3UBHHUX IIMYPIB IS OIlIHKH
aJIeKBaTHOCTI 00paHOi Mojeni. Y pamMkax BUPIIIEHHS IbOrO 3aBAaHHSA OYJo
MpOAaHaII30BaHO JMHAMIKY Mop(dosoriunux nokazHukiB I3, piBHIO THpeoigHUX

TOPMOHIB, MOP(OJIOTTYHUX XaPAKTEPUCTUKU HUPOK, MMEUIHKHU, CEJIE31HKH, CepIsl Ta



OioximMiyHuX noka3HukiB kpoBi (AJIT, ACT, ceyoBunu, OinipyOiHa, KpeaTUHIHA)
Ha pi3HUX TepMiHax BBeJeHHs [ITY. V sKocTi HOPMOTEH3UBHOTO KOHTPOIIO OYIu
3aiydeHi mypu Bictap, ockunbku siHiss SHR Oyna oTpumana 3 HHX 3a JI0IIOMOTOIO
CEJIEKTUBHOI'O IHOPUIMHTY.

Bcranosneno, mo npu BBenenni 0,1% IITY Bopomorxk 47 ni6 y I3
riNepTeH3UBHUX LIypIB CIOCTEPIra€ThCs PO3BUTOK MpoLEciB rineprpodii Ta
rineprjasii, fKi BUPAXKAIOTbCS Yy 3arajlbHOMY MIJABUIIEHHI MacH OpraHy B
cepeaubomy y 5,3 pasu; 30uteiienni BOE wa 75,5+4,3%, mmomii ¢domikyniB Ha
9,1+2,3%, ALIB tupoumtie Ha 39+5,4%, mosiBi maroioriuHux QoJikymiB 3
COCOYKOBMMHU CTPYKTypamHu Ta akTupailii mpomidepanii ¢iOpobnacTiB y cTpomi
oprany. IIpuitom IITY y mrypiB ninii SHR npuzBogus 10 MophodyHKITIOHATEHUX
3MIH 1HIIMX OpPraHiB: TMOPYIIEHHS KOPOHAPHOTO KPOBOOOITY 1 PO3BUTKY
TUCTPOIYHUX TIPOIIECIB Y MiOKapai, SIKI MPOSBISUIACS 3MEHIICHHSM TUIONTI
KapJIOMIOIUTIB, MIKHO30M SEp, 3HWKEHHSIM IIUIBHOCTI KapJIOMIOIUTIB 1
30UTBIICHHSIM OOCSTY CIOJYYHOI TKAaHWHH; IMMABUIIEHHS CEPEIHbOI TIUIOINII
nepepizy MeHTpalbHOI apTepii Ta TpaOeKyJsIpHUX BEH CEJIE3IHKH, a TaKOX
3arajibHOi IUIOIII BEHO3HUWX CHHYCIB 32 paXyHOK PO3IIUPEHHS MPOCBITY CYAWH Ta
BEHO3HOTO TTOBHOKPOB’SI; MATOJIOTTYHUX 3MIH TiCTOJOTIYHOI CTPYKTYpPH IEUIHKH,
BEHO3HOI rinepemii 1 3pocTaHHi piBHIB amiHoTpancdepa3. Illypu minii SHR
BUSIBUJIUCS OUTBIII YyTIWBUMH JIO THPEOCTATHYHOI Ta remarorokcuanoi aii IITY,
HDK mypu Bictap, 1o MpOSBISIIOCS B CTaTUCTUYHO 3HAYYIIOMY 30LIBIICHHI
MOKa3HHUKIB BHUCOTH omikyasapHoro emiteniro I3, KimbkocTi MaTOIOTIYHUX
¢domikymiB, MIIOMI Mepepi3y HEHTPaJIbHOI BEHW TEYIHKOBUX YAaCTOYOK 1 PIiBHIB
amiHoTpaHcdepas KpoBi.

TakuM 4YHHOM, EKCIEPUMEHTAIbHO OyJIO TIATBEP/KEHO aJeKBaTHICTh
oOpaHOi MOJenl Ta BCTAaHOBJIEHI TEMIIM PO3BUTKY MAaTOMOPQOJIOTIYHUX 3MIH Yy
tkanuHi I3 crnoHTaHHO-TIMEPTEeH3WBHUX TBAapWUH 3a YMOB IHAYKIII Mudy3HOT
rinepruia3ii uuisixom BeeaeHHs [ITY.

I'muboki 3mMinu y ctpyktypi TkKanuau LI[3, BcTaHOBIEHI HAMU, TOBUHHI OyJIu

BIUIMHYTA Ha TEIVIOPI3UYHI XapaKTepPUCTUKU TKAHWHH, TOMY IPOBEICHHS
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MOPIBHSUIBHOT OLIHKY TEMIEPAaTypPHUX 3MIH B IPpOLEC] KPIOBILUIMBY Ha TKaHuHY 1113
B HOpMI Ta 32 YMOB Ju(y3HOI rinepruiasii 0yj0 METOK HACTYIHOTO €Tammy poOOTH.
[Ipu aHani31 KPUBUX OXOJIOJKEHHS OYyJIM OTpUMAaH1 pe3yJbTaTH, K1 CBIAYMIIMN MPO
BIIMIHHOCTI XapaKTepUCTUK HOpMasibHOi TKaHuHU L3 Ta TkanuHu 3 OUDY3HOIO
rinepIuia3ie€ro y 30H1 0XOJIO0KCHHS.

BusiBunocsa, mo y pa3i IITY-imaykoBaHoi audy3HOi Trinepruiasii
BiIOyBa€TbCsl 30UIBIICHHS JIOBXKMHMU JUISHKM Ha KPUBIM OXOJOJKEHHS, IO
0OyMOBJIEHa B3a€EMHOI0 KOMIIEHCAIIEI0 XOJOJOBOTO BIUIMBY Kploariikaropa Ha
TKaHWHY Ta MMHTOMOI TEIJIOTH KPUCTAIOYTBOPEHHS, SIKa BUJIUIAETHCS B IPOIIECI
3aMOpOXyBaHHs (g 1HTaKTHOI TKaHuuu — 22,0 (17,0; 27,0) c; ais TKaHWHM 3
mudysHoro rinepruiaziero — 52,0 (48,0; 56,0) ¢). Takum yuHOM, y MOACIBHIN
cucTteMi JJii OOpaHOTO THUITY Kpioaljlikaropa Ta #Horo KoHdirypamii Oymo
BCTAQHOBJICHO, IO MPH OJHAKOBUX BHUXIIHMX yMOBaX JUIS ONTHUMI3aIlil PEeKUMY
kpiogectpykiii Tkanuam 13 3 audy3HOW Timepruiazi€rd  eKCIO3UIliS
KpioaruIikaTopy Ma€e OyTH MiABUIIIEHA B CEPEIHBOMY Y JBa Pa3H.

IIpu anamizi maromopdosioriyaux 3MmiH TkanuHu I3 3 audysHOMIO
rinepruiasiero, MiIIaHo KpioJecTpyKilii, Oy70 BCTaHOBJEHO, IO BXke Ha 21 100y
micias KploBIUTMBY (opMyeTbes aoOpe moMiTHa 30Ha (idpo3y KOHYCOIOAIOHOT
dopmu. B 30H1 BiacyTHs xapaktepHa nis 113 wactoukoBa-domikynspaa Oymosa.
[lapenximMa 3ajm03u  3aMilleHa  CIOJXYYHOK TKAaHUHOIO 3  BHUPAXEHOIO
BaCKYJISIpPU3alli€l0 Ta HE3HAYHOIO JIIM(OIUTAPHO-TICTIONUTAPHOIO 1H(UIBTPAIIIETO.
Ha mepudepii 30HHM, pimme — y TIEHTPi, CHOCTEPIralOThCA MOOIUHOKI
MiIKpohoIiKyIH a00 X CKYITYEHHS.

MeToro HacCTYMHOTO eTamy poboTu Oyia OIliHKA BIUIMBY TIMEPTEH3WBHOTO
CTaHy Ha pe3yapTaT Kpiomectpykuii Tkanmau II[3. B xomi mnpoBeaeHHS
EKCIIEPUMEHTIB BU3HAUCHO, IO KPIOBIUIMB y OOpaHOMY PEXUMI HE TPUBOIUB 10
3HAYYIMKUX 3MiH TwTomli 30HY ¢i6po3y Tkanuuu 13 y rimep- Ta HOPMOTEH3UBHUX
TBapuH IHTaKTHUX Trpyn. CTaTUCTUYHO 3HAYYIIE 3MCHIICHHS TOKa3HHWKA
crioctepiraniocs y 3pazkax 3 [ITY-innykoBanoro rineprasieto 13 y mypiB 06ox

ninid. [Ipu upomy, y rinepreH3uBHUX TBapuH 3 BBeAeHHAM [ITY BcTraHOBIEHO



3HAYyIIEe 3MEHIICHHS MOKa3HUKIB S@min (Ha 60,9%) Ta SPmax (Ha 42,1%), Ta
TEHACHI[IS 10 3MEHIIEHHS Shmed (Ha 44,7%) B NMOpIBHAHHI 3 HOPMOTEH3UBHUMU
tBapuHamu. lle cBigumino mnpo Te, mo TkanuHa I3 3 [ITY-iHaykoBaHOIO
rinepruiazi€lo y TIIEPTEeH3UBHUX ILIYpPIB € OUIbII CTiKOI A0 KpiloaOmsauii. Llei
(dakT MOXKe TMOSCHIOBATHUCS BCTAHOBJICHHMMH HAaMH JaHUMU mpo Te, mpo I3
CIOHTAHHO-TINEPTEH3UBHUX IIYpiB € OuIbIl uyTiuBoO A0 Aii IITY ta y Ouibmiiii
Mipi Ha0yBa€ MaTOJIOTTYHUX 3MiH.

Ha nactynmHomy etamni po6oTu OyJia mpoBeJieHa OIliHKa aKTUBHOCTI MPOIIECIB
penapatuBHoi pereneparitii I3 3 [ITY-inaykoBaHow nudy3HOIO Tinepruia3icro y
NOPIBHSJIBHOMY aCMeKTi Micisl KPIOAECTPYKIIIT Ta pe3eKIlii.

3nauyme 30utbmeHHs piBHgs  TTIT Oyno BcTaHoBieHO Yy WIypiB 3
KpioAeCTpYKIli€ro Ta pesekiliero yepe3 30 mi6 micnsa omeparrii. Ognak Ha 60-Ty 1
120-ry no0y 1i BIAMIHHOCTI HIBEIIOBAJIUCS, IO CBUIYMIIO TIPO AaKTHUBHE
NPOTIKaHHS pernapaTUBHO-BITHOBIIOBAIbHUX MpoleciB y I3 y 060x Bumagkax.

AHaji3 TICTOJIOTIYHUX Ta IMYHOTICTOXIMIYHHUX O3HAK pereHepaTHBHUX
HpOIIECiB Yy TUpeOinHOMY 3anuiiky (30inbiieHass BOE, niasumenus kiabkocTi C-
KIITHH, 1HTePGOJUTIKYIIPHUX OCTPIBIIB 3 SKUX, SK OYyJIO TOKa3aHO paHille,
BUHHUKAIOTh HOBI (oiikymu, (oJikyiiB HempaBuiIbHOI Gopmu, KitbkocTi Ki-67-
no3uTuBHUX KiIiTHH) Ha 30-Try Ta 60-Ty 100y y TBapWH 3 PE3CKIIE€I0 Ta
KPIOACCTPYKIIIE€I0 TIOKa3aB 3HAa4HE 30UIBIICHHS YCiX IMOKa3HHWKIB TOPIBHSHO 3
XHUOHOOTIEpOBaHUM KOHTpoJieM. OpHaK MpH MOPIBHSHHI O3HAK PETeHEPATUBHUX
MPOLIECIB MK TPyHaMu 3 KPIOJECTPYKIIIEI0 Ta PE3EKI[i€I0, CTATUCTUYHO 3HAUYIIE
30uIBIIeHHS KiTbKOCTI C-kimituH (Kpiogectpykiis — 78,0 (61,3; 91,9); pesexiiss —
106,3 (100,4; 117,2)), iaTepdomtikynsipHux ocTpiBiiB (kpiogectpykiis — 5,0 (4,4;
5,3); pesexuis — 7,5 (7,2; 8,1)) ta kinbkocTi Ki-67-1mo3uTuBHEX KIiTHH y 1,5 pa3u
BiIOYBaJIOCS y IIYPiB MICISI PE3EKITii.

Taxum 9rHOM, SIK TICTS PE3EKIIii, TaK ¥ IMICs KPioASCTPYKIIii, B THPEOiTHOMY
3QIUIIKY CTHOCTEPITAICA TPOIECH PpEMmapaTUBHOI pereHepailii, OJHaK Yy

OCTaHHBLOMY BHUIIAJIKy Mpoliecy HeoOITIKYJIOreHe3y NpOoTiKaaIu MEHII aKTUBHO.



Sk BIIOMO, MEXaHIYHE MOIIKOJKEHHS 01000'€KTy BIIOYBAETHCA HE TUIBKHU

Ha eTarll 3aMOPOKYBaHHS, ajie IPU HOro HarpiBaHHI 3a PaXyHOK PO3BUTKY MPOIECY
pekpuctamizanii. IlpyuomMy IHTEHCHBHICTh PEKpPUCTANI3alIMHUX MPOLECIB TUM
OublIe, YMM BUILE OyJia IIBUAKICTh OXOJIOIKEHHS Ha €Tarll 3aMOpPOXKYBaHHS.

Buxonasiun 3 1poro, Ha HACTYmHOMY eTali poOOTH OylO BUBYEHO BILJIUB
KOHTaKTHOT'O HarpiBaHHs Ha pe3ysbTaT KpioaecTpykuii TkaHunu 13 3 nudysHoro
rineprutazieto. JIJist IbOTO MicIst KPIOASCTPYKINIT y 00paHOMY PEKUMI 311IMCHIOBATU
HarpiBanHs TkaHuHU I3 3a gBOMa crocobamu: 1) HEKOHTPOJIHOBAHE HATPiBaHHS
(HH), mpu skoMy TKaHMHAa BigirpiBajiacsi 3a paxyHOK TEIJIOOOMIHY 3
HABKOJIMIIIHIM cepepoBuineM; 2) koHTakTHe HarpiBanHs (KH), mpu skomy 1o
MICIISI KPIOBIUTMBY MPUKIAAIA MITHUM ariikaTop, Harpituii 1o temmeparyp 40,
50 Ta 60°C. HarpiBaHHs IpUNHUHSIIM, KOJIM TEMIIEpaTypa TEPMOIapu, MPUKIaAeHOT
no tkanuHu 13, nocarna 30°C. V¥ ricronoriunux 3pizax I3 omiHroBanmu oy
30Hu (HiOpo3y, cdhopmoBaHoi Ha 21 m00y micast 3aMOPOKYBaHHS-HArpiBaHHS
tkanunau 1113.

byno BigmidueHo, mo mnpu BukopuctanHi KH 3minroBamacs dopma 30HH
¢b16po3y. Axmo npu HH 30Ha ¢i6po3y 3a3Buyaii € koHnyconoaioHow, To mpu KH
BOHa TomuMpioBasiack Ta HaOyBanma ¢opmu miBkona. CTaTUCTHUYHO 3HAYYIIE
HiABUIICHHS Y 2,5-3 pa3u cepelHboi Iuiomi 30HU $idpo3y OyJI0 BCTAaHOBJIEHO 3a
ymoB Bukopuctands KH nopisusao 3 HH. Ognak cratucTiuHo 3HAYyIIO1 Pi3HMIT
Mix Bukopuctanumu temmeparypamu KH (40, 50 ta 60°C) He Oyno BCTaHOBIICHO.

Takum uwmnom, KH mnpusBomuno mo OUIbIl BHpPaXEHUX JAECTPYKTUBHHX
mpouieciB B TkaHuHi [I[3 B mMOpiBHSHHI 3 KOHBEKTMBHHM HAarpiBaHHSIM, Ta
MABUNITYBAIO €(DEKTUBHICTD KPIOACCTPYKIIil MaTOJIOTI4HO 3MiHEeHO1T TKaHuHA 1113,

KarwouoBi ciaoBa: muromomiOHa 3aio3a, KpioaecTpykiis, audy3Ha

rinmepruiasis, apTepianbHa TinepTeH31s, MPOTUITIOypaITHJI.



ANNOTATION
Pobielienskyi K.O. Cryodestruction of thyroid gland with diffuse hyperplasia
on the background of arterial hypertension (experimental study). — The qualifying
scientific paper as a manuscript.
Thesis for the degree of Philosophy Doctor in specialty 222 "Medicine" (field
of study 22 “Healthcare”). — Institute for Problems of Cryobiology and

Cryomedicine of the National Academy of Sciences of Ukraine, Kharkiv, 2021.

Currently, cryoablation is considered as a minimally invasive approach to the
treatment of benign thyroid nodules. It has many advantages, including low cost
and minimally invasive procedure, the ability to perform cryoablation
percutaneously under the control of endoscopic techniques, reduced risk of
bleeding, minimization of anesthesia, shortening the time of surgery and
postoperative care. Moreover, the peculiarity of the cryoablation method, namely
the formation of a freezing zone (iceball), makes it possible to distinctly control the
destructive effect on the tissue during the surgery, since the freezing zone is
visualized at MRI and CT due to the change in physical characteristics.

The outcome of cryosurgical intervention will depend on the individual
characteristics of the tissue, the temperature generated by the cryoprobe, exposure
time, and the number of freeze-heating cycles. In addition, as it has been
previously established, the parameters of blood circulation (the presence of large
vessels, area of microcirculation etc.) of the tissue greatly affected the efficiency of
cryoablation, preventing a decrease in temperature. This is quite true for the
thyroid gland, since it belongs to organs with a high blood circulation rate and
vascularization density.

Hormonal dysfunction of the thyroid gland (hypo- and hyperthyroidism)
increases the risk of arterial hypertension. Histopathological changes in the
vascular bed in conditions of arterial hypertension affect the thermal conductivity
and heat capacity of the thyroid tissue, and hence the cryoablation outcome. Thus,

in order to optimize the results of cryosurgery of the thyroid gland and the choice
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of tactics for cryoablation of the pathologically altered thyroid gland against the
background of arterial hypertension, it is necessary to determine the correct mode
of cryotherapy (time of cryoprobe exposure, sufficient for freezing temperature,
number of cryoablation cycles).

Based on the abovementioned, the thesis is devoted to the study of the effect
of cryoablation in various modes on the histopathological parameters of the thyroid
gland with propylthiouracil-induced diffuse hyperplasia and the level of thyroid
hormones in normo- and hypertensive rats, as well as the comparative assessment
of the activity of regenerative processes in the thyroid residue after cryoablation or
resection.

Spontaneously hypertensive rats, which are characterized by genetically
determined changes in the cardiovascular system, were used to perform the work.
Pathophysiological and pathomorphological signs of hypertension (increased
systolic pressure, fibrous changes in the vascular bed, thickening of the vascular
wall, hyperplasia of smooth muscle cells in t. media) in this rat strain are closest to
those in humans.

Propylthiouracil (PTU) is an antithyroid agent that is widely used for
obtaining of thyroid gland hypothyroidism and hyperplasia in rats. It reduces the
synthesis of thyroid hormones by inhibiting the activity of thyroperoxidase in the
thyroid gland and blocking the conversion of thyroxine to triiodothyronine in the
periphery. The observed increase in TSH levels leads to characteristic
morphological changes in the parenchyma of the thyroid gland, which are
expressed in an increase in the height of the follicular epithelium (HFE), an
increase in the nuclear-cytoplasmic ratio (NCR) of thyrocytes, follicular
hypertrophy and hyperplasia.

At the first stage of the work it was necessary to study the specific and
systemic influence of PTU on spontaneously hypertensive rats to assess the
adequacy of the selected model. As part of this task, the dynamics of
morphological parameters of the thyroid gland, thyroid hormone levels,

morphological characteristics of the kidneys, liver, spleen, heart and blood
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biochemical parameters (ALT, AST, urea, bilirubin, creatinine) on the different
terms of PTU administration were analyzed. Wistar rats were used as a
normotensive control because the SHR strain was derived from them by selective
inbreeding.

It was established the development of hypertrophic and hyperplastic processes
in the thyroid gland of hypertensive rats at introduction of 0.1% of PTU within 47
days, which manifested in increase in thyroid gland weight in 5.3 times, HFE by
75.5+4.3%, the area of follicles by 9.1+2.3%, thyrocyte NCR by 39+5.4%, and
appearance of pathological follicles with papillary structures and activation of
fibroblast proliferation in the stroma of the organ. Administration of PTU in SHR
rats led to coronary circulation disorders and the development of dystrophic
processes in the myocardium, which were manifested in a decrease in the area of
cardiomyocytes, pyknosis of the nuclei, decreased cardiomyocyte density and
increased connective tissue volume; in an increase in the average cross-sectional
area of the central artery and trabecular veins of the spleen, as well as the total area
of the venous sinuses by expanding the lumen of blood vessels and venous
plethora; pathological changes in the histological structure of the liver, venous
hyperemia and increase levels of aminotransferases. SHR rats were more sensitive
to thyrostatic and hepatotoxic effects of PTU than Wistar rats, which was
manifested in a statistically significant increase in HFE, the number of pathological
follicles with papillary structures, the area of the central vein of the liver lobules
and blood aminotransferase levels.

Thus, the adequacy of the selected model was experimentally confirmed and
the rate of development of histopathological changes in the thyroid tissue of
spontaneously hypertensive animals under conditions of induction of diffuse
hyperplasia by the introduction of PTU was established.

The profound changes in the structure of thyroid tissue, which we found,
should have influenced on the thermophysical characteristics of the tissue, so a
comparative assessment of temperature changes in the process of cryotherapy on

normal thyroid tissue and with diffuse hyperplasia was the goal of the next stage.
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In the analysis of cooling curves, results were obtained that showed differences in
the characteristics of normal thyroid tissue and tissue with diffuse hyperplasia.

It turned out that PTU-induced diffuse hyperplasia was characterized by an
increase in the length on the cooling curve section, which due to the mutual
compensation of the cold effect of the cryoprobe on the tissue and the specific heat
of crystal formation released during freezing (for intact tissue — 22.0 (17.0; 27.0) s;
for tissue with diffuse hyperplasia — 52.0 (48.0; 56.0) s). Thus, in the model system
for the selected type of cryoprobe and its configuration, it was found that to
optimize the cryodestruction of thyroid tissue with diffuse hyperplasia the
exposure of the cryoprobe should be doubled on average under the same initial
conditions.

In the analysis of pathomorphological changes in the tissue of the thyroid
gland with diffuse hyperplasia, subjected to cryoablation, it was found that a well-
marked area of cone-shaped fibrosis was formed already on the 21% day after
cryopreservation. There was no lobular-follicular structure characteristic of the
thyroid gland in the area. The parenchyma of the gland was replaced by connective
tissue with pronounced vascularization and weak lymphocytic-histiocytic
infiltration. On the periphery of the zone, less often in the center, single
microfollicles or their accumulations were observed.

The aim of the next stage was to assess the effect of hypertension on the
outcome of thyroid tissue cryodestruction. As a result of experiments, it was found
that cryotherapy in the selected mode did not lead to significant changes in the area
of thyroid fibrosis in hyper- and normotensive animals of intact groups. A
significant reduction of the index was observed in samples with PTU-induced
thyroid hyperplasia in rats of both strains. At the same time, SHR rats had a
smaller fibrosis area compared to Wistar rats. This suggested that thyroid tissue
with PTU-induced hyperplasia in hypertensive rats was more resistant to
cryoablation. This fact can be explained by the data established by us that the
thyroid gland of spontaneously hypertensive rats is more sensitive to the PTU

action, and undergoes more pathological changes.
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At the next stage of the work, the activity of reparative regeneration in the
thyroid gland with PTU-induced diffuse hyperplasia was comparatively evaluated
after cryoablation and resection.

A significant increase in TSH levels was found in rats with cryoablation and
resection on the 30™ day after surgery. However these differences disappeared on
the 60" and 120™ days, which indicated the active reparative and restorative
processes in the thyroid gland in both cases.

Analysis of histological and immunohistochemical signs of regenerative
processes in the thyroid gland (HFE growth, an increased the number of C-cells,
interfollicular islets from which, as shown earlier, new follicles arose, follicles of
irregular shape, number of Ki-67-positive cells) on the 30" and 60" days in
animals with resection and cryoablation showed a significant increase in all indices
compared with the sham-operated control. However, when comparing the signs of
regenerative processes between the groups with cryoablation and resection, a
significant increase in the number of C-cells (cryodestruction — 78.0 (61.3; 91.9);
resection — 106.3 (100.4; 117.2)), interfollicular islets (cryodestruction — 5.0 (4.4,
5.3); resection — 7.5 (7.2; 8.1)) and the number of Ki-67-positive cells occurred in
rats after resection.

Thus, both after resection and after cryoablation, the processes of reparative
regeneration were observed in the thyroid residue, but the neofolliculogenesis was
less active after cryoablation than after resection.

As is well known mechanical damage to a biological object occurs not only at
the stage of freezing, but also during itsheating due to the recrystallization
development. Moreover, the higher the cooling rate at the freezing stage, the higher
the intensity of the recrystallization processes.

Based on this, the next stage of the research included the study of the effect of
contact heating on the result of cryoablation of thyroid tissue with diffuse
hyperplasia was studied. To do this, after cryoablation in the selected mode, the
thyroid tissue was heated in two ways: 1) uncontrolled heating (UH), where the

tissue was heated by heat exchange with the environment; 2) contact heating (CH),
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in which a copper applicator heated to the temperatures of 40, 50 and 60°C was
applied to the zone of cryotherapy. Heating was stopped when the temperature of
the thermocouple applied to the thyroid tissue reached 30°C. In histological
sections of the thyroid gland, it was assessed the area of the fibrosis formed on the
21% day after freeze-heating of the thyroid tissue.

It was noted that the use of CH changed the shape of the fibrosis zone. If
during UH the fibrosis zone was conical, then under CH it expanded and acquired
the shape of a semicircle. A significant increase by 2.5-3 times the average area of
the fibrosis zone was found when using CH compared to UH. However, no
significant difference between the contact heating temperatures used (40, 50 and
60°C) was found.

Thus, CH leads to more pronounced destructive processes in the thyroid tissue
compared to the convection heating and increases the efficiency of cryoablation of

pathologically altered thyroid tissue.

Key words: thyroid gland, cryoablation, diffuse hyperplasia, hypertension,
propylthiouracil
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