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PecbepaT: I'IpM N3y4eHnn BrnAHUA HEepPBHOW CUCTEMbI Ha dmsmonormqecn(me n I'IaTOCbVI3VIOJ'IOI'V|LIGCKVIe npoueccbl BO3HUKaET He-
obxoamMmocTb onpefeneHns BKnaga Kaxaoro M3 OTAENoB BereTaTMBHOW HEPBHOW CUCTEMBI. [Ons oueHkM BNUSHUSA napacmMmnaTtu-
YeCKoro 3BeHa Ha BapMaGeJ‘leOCTb cepgevyHoro putma pa3pa60TaH KpVIOXVIpypI'VIHeCKVIVI MeToa AeCTpykuun nervus vagus B Len-
HOM oTgene, B rpyp,Hon n 6p|0LLlHOl7| nonoctsx. [oka3aHo, YTo Ha wWweun B 06NacT KCOHHOro» TPeyrofibHUKa Kpnoxmpypru4yeckmm cno-
CcO6OM MOXHO npoBeCTU AeCTPYKUUIO n. vagus, a TakkKe KpuogeHepsauuio arteria carotis n Takum 06p630M «BbIKITIOYUTb» U3 perynaTtop-
HOro 3BeHa pacnosioXXeHHble Ha MHTUMe cocyaa 6apopeuenTopbl. YCTaHOBMEHO, YTO C UCMOMb30BaHNEM 3HAOCKOMUYECKOW YCTaHOBKM U
KpMoxupyprm4eckoro cnocoba AeHepeaun CoCcygoB MOXXHO OCYLUeCTBUTb OeCTPYKUUIO 6apopeuenTopOB Ayrn aopTbl C COXpaHEHU-
€M aHaTOMMWYeCKOW LenoCTHOCTH cocypa. OTHocuTenbHas AOCTYNMHOCTb BblaeneHua BeTBeW 6pIOLIJHOI'0 oTtaena n. vagus y KpbiCbl Mo
narteparnbHbIM KpadM nuulieBoda No3BONAET NpPpoBECTU KpuoaeHepBauuko Kak oTaerbHbIX, Tak U obeunx BeTBen HepBa BMeCTe C nuuie-
BOAOM.

KniouyeBble cnoBa: KpnoaecTpykumua, nervus vagus, aopTta, 3KCNnepuMeHT, JeHepBaLuA, 6apopeuenTopb|, SHAOCKOMUA.

Pedhepat: lMpu BUBYEHHI BNNuBY HEPBOBOI cUCTEMM Ha dpisionoriyHi i naTogisionoriyHi npouecn BUHUKAE HEOOXiAHICTb BU3Ha-
YeHHS1 BKINaZy KOXHOro 3 BiaAinis BeretatMBHOi HEPBOBOI cuctemu. [ns OUiHKM BNAMBY MapacvMnaTu4HOi NaHky Ha BapiabenbHicTb
CepLeBOro puTMy po3pobreHo KpioxipypriyHuiA MeTon AeCTpyKUil nervus vagus y LWUMAHOMY Biadini, B rpyaHin i YepeBHi MOPOXHU-
Hax. lMNokasaHo, Lo Ha Wui y AiNsHLI «COHHOro» TPUKYTHMKA KPiOXipypriyHMM cnocoboM MoXHa NMpOBECTU AECTPYKLi n. vagus, a Ta-
KOX KpiofieHepBaLito arteria carotis i TakuM YMHOM «BUMKHYTU» 3 PETYNsITOPHOI NaHKU po3TalloBaHi Ha iHTUMI cyauHu BapopelenTopu.
BcTaHoBneHo, L0 3 BUKOPUCTAHHSIM €HOO0CKOMIYHOI YCTaHOBKU i KpioxipypriyHoro cnocoby AeHepBaLii cyauH MoxHa 34INCHUTN AeCTpyK-
uito GapopeLenTopiB oyr aopTu 3i 36epexeHHsIM aHaTOMIYHOI LinicHOCTi cyauHu. BigHocHa AOCTYNHICTb BUAINEHHS rinok vepes-
HOro BiAAiny n. vagus y Lypa no nateparnbHUX Kpasix CTpaBoXody A03BOIsSiE NPOBECTM KpioAeHepBaLito sik OKpeMux, Tak i 060x rinok
HepBa pa3oMm 3i CTPaBOXOAOM.

Knro4yoBi crnoBa: KpiogecTpykuis, nervus vagus, aopta, eKCnepuMeHT, AieHepBaLis, 6apopeLenTopu, eH40CKonNis.

Abstract: When studying the impact of nervous system on physiological and pathophysiological processes, a need arises to de-
termine the contribution of each division of autonomic nervous system. For the nervus vagus ablation in cervical spine, chest and ab-
dominal cavities the cryosurgical method has been designed to assess the effect of parasympathetic division on heart rate va-
riability. There has been shown the possibility to implement the n. vagus ablation, as well as the arteria carotis cryodenervation using
cryosurgical technique in the ‘carotid’ triangle area of the neck, and thereby to ‘switch off’ the vascular intima-located baroreceptors
from a regulatory link. The use of endoscopic device and cryosurgical technique for vascular denervation was established to
enable the aortic arch baroreceptor ablation while preserving an anatomical integrity of the vessel. Since the isolation procedure for
the n. vagus abdominal branches in rat along the esophageal lateral edges is relatively accessible, it allows performing the cryodener-
vation of individual and both nerve branches along with esophagus.

Key words: cryoablation, nervus vagus, aorta, experiment, denervation, baroreceptors, endoscopy.
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When studying the impact of whole-body hy-
pothermia and / or local cryoablation on a body, it
is important to assess the contribution of autonomic
nervous system (ANS), whose function is to regula-
te the physiological processes, ensuring the body’s
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IIUX aJanTalyio OpraHu3Ma K MOCTOSHHO MEHSIO-
muMed  yeiaoBusaM cpeabl.  MzBectHo, uro BHC
ABTOHOMHA, COCTOMT M3 CHMIIaTUYECKOTO M Tapa-
CHUMIIATUYECKOTO OT/ENIOB, KOTOPble YYacTBYIOT B
PETYISIUN CUCTEM OpraHu3Ma M 0ONIafafoT HE TOJb-
KO aHTarOHUCTUYECKOH, HO M CHHEPIUYECKOH Har-
paBneHHocThiO [14]. TlapacuMmarhyeckwii OTIET
BHC mpencraBieH mapoi ONy>KIalOmux HEPBOB
(n. vagus — X depermHo-Mo3roBas mapa), KOTOphIe
AHATOMHYECKH MOAPA3IENAIOTCS Ha TOJIOBHOM, IIeH-
HBI{, TPYAHON M OpIOLIHOM oTAeNs! [7, §].

Jns ompeneneHrs BKIana KaKAOTO M3 OTACIOB
BHC B perynsumio >XM3HEHHO BaKHBIX (QYyHKIHN
opranu3ma (HU3HOJIOTH HCHONB3YIOT pPa3Hble MOJ-
XOJbl: OJIOKMPOBAaHUE WM CTUMYJISILIMIO HEPBOB [ 15].
ITepBriil MoAXO0/ 3aKiOUAETCSl B MEPECEUEHUU HEP-
BOB W/WJIM WX BETBEH, YTO NpPU TMPOBEICHUHM OKC-
MEPUMEHTAIBHBIX Pa0OT TEXHWYECKH CIOKHO, a B
psze ciy4aeB HEBO3MOXXHO. B gacTHOCTH, 3TO BBI-
JeIeHue HEpBa W3 COCYAMCTO-HEPBHOTO IIyYKa
WIN JEHEpBalUs apTepHAIbHBIX COCYIOB C IENbIO
«BBIKIIOUEHUS» 0apOpeLenTopOB, PaCHONIOKECHHBIX
B cTeHKe cocyaa. [Ipu mpoBeaeHun Takol MaHU-
MYJIALUA HA a0pTe KPBIC CUTHAJBI, MOCTYMAIOMINE K
neHTpanbHbeiM otaenam BHC, momHocteio HE Oo-
KHPYIOTCA, 4YTO OOBACHSETCS pPa3BETBICHHOCTHIO
HEPBHBIX BOJIOKOH, WAYIIMX OT OapopeuenTopoB K
OCHOBHOMY CTBONIy n. vagus [6]. Ilomnas Gnokama
CUTHAJIOB 0apOpenenTopoB aopThl BaKHA IS U3Y-
YeHWsSI MEXAHW3MOB PETYIHUPOBAHMS YaCTOTHI Cep-
JIeYHBIX cokpaiieHuil. [ToaTomy nns uccinenoBaHuA
BapuabenbsHOCTH cepaeuHoro putMa (BCP) u mpa-
BWJILHOW WHTEPIIPETAllMd YaCTOTHBIX JHAITa30HOB
cnekrpainbHoro ananuza BCP neoOxommma paspa-
00TKa BBICOKOTEXHOJOTHYHBIX CIOCOOOB «BBIKIIIO-
4yeHus» Oapopenentopos [9].

B sTom acnekre ogauM u3 Hanbonee 3¢pdhexTus-
HBIX METOJIOB SIBJISIETCS KPpHOXHpYprudeckuil. B ot-
JUYUEe OT MEXaHWYECKOTO IepeceyeHrsi HEPBHBIX
BOJIOKOH OH TIO3BOJIAET MPOBOOUTH JAECTPYKIIHIO
TKaHEeH C COXpaHHeM »>JIaCTHYECKH-KOIIareéHOBOTO
Kapkaca oprana (cocyna, mepsa) [1, 10]. ITocne xpu-
OIIECTPYKIIMH COCyla TMOJHOCTBIO pa3pylIaloTcs
KJIETKA WHTHMBI, MBIIICYHBIA W aABEHTUIINATbHBIN
cinou [10]. Cnemyer OTMETHTH, YTO TIOCIE KPHOJE-
CTPYKLUUHU TOBPEXKIEHUS HOCAT OOpaTUMBIN Xapak-
Tep. HepBHbIE TKaHW BOCCTaHABIMBAIOTCS B Teye-
HHE HECKOJIBKUX MecsIes [5, 13].

Lenb paboTsl — pa3paboTka METOAUK JACHEPBALMN
nepuepuvecKkux OTIEIIOB M. Vagus KPUOXHUPYPIH-
YECKHM CII0COOOM.

MarepuaJibl 1 METOIBI
DKCIEepUMEHTH Ha JKHBOTHBIX MPOBOAMIHA B CO-
OTBETCTBUHM C 3aKOHOM YKpauwHbl «O 3amuTre >Kh-
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adaptation to constantly changing environmental
conditions. It is known that the ANS is autonomous,
consisting of sympathetic and parasympathetic
branch, which participate in regulation of body’s
systems and have not only an antagonistic, but
synergistic direction as well [7]. The parasym-
pathetic division of ANS is represented by a pair
of vagus nerves (n. vagus is the tenth cranial nerve
pair), which are anatomically divided into the head,
neck, thorax and abdomen compartments [13,
14].

In order to determine the contribution of each
ANS division into regulation of body’s vital func-
tions, the physiologists use different approaches
such as: nerve blocking or stimulation [12]. The first
approach consists in the dissection of nerves and/or
their branches. In the experiments, this procedure
may be technically difficult and, in some cases,
even impossible. There is, in particular, the nerve
isolation from neurovascular bundle or arterial ves-
sel denervation in order to ‘switch off” the barore-
ceptors, located in vessel wall. When performing
such a procedure in rat aorta, the signals coming to
the ANS central parts are not totally blocked, that
is explained by the branching of nerve fibers co-
ming from baroreceptors to the n. vagus main
trunk [11]. A total blockade of signals from aortic
baroreceptors is decisive when studying the me-
chanisms of heart rate regulation. Therefore, to
study the heart rate variability (HRV) and to inter-
pret correctly the frequency ranges of HRV spectral
analysis, it is necessary to design the break-
through technologies for baroreceptor ‘switching
oft” [3].

In this aspect, one of the most efficient ways is
cryosurgical. In contrast to mechanical dissection
of nerve fibers, it destroys the tissue while preserving
the elastic-collagen scaffold of organ (vessel, nerve)
[1, 5]. After vessel cryoablation, the intima cells,
muscle and adventitious layers are completely
destroyed [5]. Of note is a reversible character of
post cryoablation lesions. The nerve tissues may
restore within a few months [2, 10].

The research aim was to design the denerva-
tion methods for n. vagus peripheral compartments
using cryosurgical way.

Materials and methods

The experiments in animals were carried out
in accordance with the Law of Ukraine ‘On the
Protection of Animals Against Cruelty’ (No. 3447—
IV of February 21.2006), in compliance with the re-
quirements of the Bioethics Committee of the Ins-
titute for Problems of Cryobiology and Cryome-
dicine of the National Academy of Sciences of
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BOTHBIX OT JECTOKOro oOpamenus» (Ne3447-1V
ot 21.02.2006) mpu cobmonennu TpedoBanuii Ko-
mutera no Omostuke UITKuK HAH VYkpaunsl, co-
[JIACOBAHHBIX C MojiokeHusiMu «EBporneiickoit Kon-
BEHIIMU IO 3alIUTE MO3BOHOYHBIX >KUBOTHBIX, HC-
MOJTB3YEMBIX ISl JKCHEPUMEHTAIBHBIX W JIPYTHX
Hay4HBIX 11enei (CtpacOypr, 1986).

PaboTy BBITIONHSIN HA 7-MECSYHBIX KPBICaX-CaM-
nax (n = 30) muann Buctap maccoit 200-300 r B cTa-
LIUOHAPHBIX YCIIOBHAX BHUBApHs B YTPEHHEE BpeMs
(c9 mo 12 9).

OmneparuBHBIE BMEIIATENHCTBA MPOBOAMIN TOX
WHTISILUOHHBIM Hapko3oM. {7l JOMOJIHUTENBEHOTO
00e300/TMBaHUsl OHOKPAaTHO BHYTPHUMBILIEYHO BBO-
i «HanOypun» («3mopoBbe», YkpanHa) B 1103€
1 Mr/kr.

Jna KpuomecTpyKIMu n. vagus HWCIOIb30BAIN
ABTOHOMHBIN J€PMAaTOJIOTHYECKUN KPUOUHCTPYMEHT
KJI-3 (PTUHT HAH VYxpaunsl, 1. XapskoB) [2, 3]
W CIIEUAIBHO W3TOTOBJICHHBIA MEIHBIA amlljInKa-
TOp B BHJIC HE3aMKHYTOH Ha 2/3 OKPYKXHOCTH IpH
Temneparype paboueii mosepxHocta —120°C. O6ee
BpeMs MPOBEACHHSI MaHUIYISIIUH cOCTaBIsuo0 60 ¢
[10].

OrneparyBHBIE BMEIIATENBCTB Ha TPYIHON MONOCTH
BBITIOJTHSJIA C TIOMOUIBIO JHIOCKOIIMYECKOH ycTa-
HOBKH, pa3pabOTaHHOH B OTIeJie SKCIEPHUMEHTAIIb-
Hoit kpuomenuttnael MTIKuK HAH Ykpawnnsr [11,12].

[locne BbIBeeHUS KUBOTHOTO M3 JKCIIEPHMEH-
Ta TPOBOIMIN MOP(OJOTHUECKHNA aHAIW3 SHAOTe-
musi ¢pparMeHTa aopTel Ha ypoBHe ee ayru. [lomy-
TOHKHE Cpe3bl TOoJyJYalld Ha YIBTPAMHUKPOTOME
YMTII-7 («2mektpon», VYKpawHa), OKpalIdBaIn
MOJMXPOMHBIM KpacUTeJIeM Ha OCHOBE METHJICHO-
BOTO CHHETO M OCHOBHOTO (PYKCHHA, MCCIENOBAIH
Ha Mukpockone «Granum R 4003» («Granum», Ku-
Tai), cHaOKeHHOM IUQpOBOH Buaeokamepoit «Pa-
nasonic WV-CP 470» («Panasonicy», Snonus). Yib-
TPAaTOHKUE Cpe3bl KOHTPACTUPOBAIN HACHIIIEHHBIM
BOIHBIM PACTBOPOM ypaHWIAIlETaTa M PacTBOPOM
uMrpara cBuHila 1o PeiiHonpacy. g wm3rorosne-
HUS TIpenaparoB (¢parMeHTbl aopTHl TOCTE IIpe-
(uKcanM M CemapupOBaHUS aJBEHTHUIIMH HWMIIPET-
HUPOBAIHM a30THOKHCIBIM CepeOpoM IO CTaHAAPT-
HOMt Metoamke [4]. Ilpemaparbl aopThI 3aKITIOYATH
B DIIMLEPUH-KETATHHOBYIO CMECh M U3y4alld B MPO-
XOJISIILIEM CBETE MO/l CBETOBBIM TPUHOKYJISIPHBIM MHUK-
pockoniom «Granum R 4003» («Granumy), ucnomnb-
3ya kamepy «DCM 510» («eTrek», Kuraii).

PesyabTaTtsl n 00cyxkneHue

Memoouxa kpuodecmpyxyuu n. vagus 6 uleiitHom
omoene. JKMBOTHBIX (DUKCHUPOBAIN K OIEPAIFOH-
HOMY CTOJy B IOJIOKEHUH «JIexa Ha cruHey». [loc-
Jie yIalieHHus MIEPCTHOTO MOKPOBA B aCENTUYECKHX
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Ukraine, agreed to the statements of European
Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

The work was performed in 7-month-old Wistar
male rats (n = 30), weighing 200-300 g under
usual animal housing in the morning (from 9 to
12 a. m.).

The surgery was done with inhalation anes-
thesia. For additional anesthesia, Nalbuphine (Zdo-
rovye, Ukraine) at a dose of 1 mg / kg was once
administered, intramuscularly.

For n. vagus cryoablation we used the self-
contained dermatological cryogenic instrument
KD-3 (B. Verkin Institute for Low Temperature
Physics and Engineering of National Academy of
Sciences of Ukraine, Kharkiv) [8, 16] and the spe-
cially manufactured 1/3 open circle-shaped copper
applicator with operating surface temperature of
120°C. Total time of manipulation was 60 s [5].

The surgeries in thoracic cavity were done using
the endoscopic device, designed at the Department
of Experimental Cryomedicine of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine [4, 6].

After animal sacrificing, the fragment of aortic
endothelium at its arch level was morphologically
analyzed. The semi-thin sections were obtained
with UMTP-7 ultramicrotome (Elektron, Ukraine),
stained with the methylene blue and basic fuchsin-
based polychrome dye, then analysed with Granum
R 4003 microscope (Granum, China), equipped
with Panasonic WV-CP 470 digital video came-
ra (Panasonic, Japan). The ultrathin sections were
contrasted with a saturated aqueous solution of
uranyl acetate and lead citrate solution according
to Reynolds. To make the preparations, the aortic
fragments after prefixation and adventitia separation
were impregnated with silver nitrate according to
the standard method [9]. Aortic preparations were
embedded into a glycerol-gelatin mixture and stu-
died in transmitted light with light trinocular micro-
scope Granum R 4003 (Granum) using DCM 510
camera (eTrek, China).

Results and discussion

Cryoablation method for cervical n. vagus.
The animals were fixed in a supine position to the
operating table. An anterior midline neck incision
was made at thyroid cartilage level and below
after hair coat removal, under aseptic conditions.
Surgical wound was formed by separating apart
the skin edges and subcutaneous fat layer, then
fixed with Mikulich clamps. A neurovascular bun-
dle was isolated in the ‘carotid’ triangle between
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YCIIOBUSIX BBIMONHSUIM TEPEIHUN CPEIHMHHBIN pa3-
pe3 IIer Ha YPOBHE W HWKE IIUTOBHIHOTO XPSINa.
OmnepaunoHHyIo paHy (OpMHPOBAIN pa3BEICHHEM B
CTOPOHBI KPaeB KOKU ¥ TIOJKOKHO-KHPOBOTO CIOS,
KOTOpBIe (UKCHpOBAM 3axuMamMu Mukynnda. B
«COHHOM» TPEYTOJIBHHUKE MEX/y BEPXHUM OpIOIIKOM
musculus omohyoideus u nepeaaum kpaem musculus
sternocleidomastoideus BBIENSIN COCYAUCTO-HEPB-
HBI ydok (puc. 1, A). bmyxnaromuii HepB, BHY-
TPEHHsIs sipeMHas BEHa W OOINas COHHAasi apTepHs
pacronokeHsl B 0OIIEM COCOMHUTENIHLHO-TKAHHOM
prarajuiie [6].

U3 cocyaucTo-HEpBHOTO My4yka BBIACISUIN A. Va-
gus ¥l IPOBOJMJIM €TO JIOKAJIbHYI0 KPUOACCTPYKIIUIO
(puc. 1, B), He moBpexnas OKpYXKaloUle TKaHH.
OrmepaliMOHHYIO paHy MOCIe TIIATEIBHOTO T'eMOCTa-
3a MOCJIOMHO YIIHMBAJIH.

B 3aBucuMOCTH OT NOCTaBIEHHBIX 33jad IIPO-
BOAWIN OIHO- WJIM JBYXCTOPOHHIOIO BaroTOMHIO
meiHoro otaena. Ilpu 3TOM KpHOXUPYpPrHUECKUM
CIOCOO0M MOXKHO BBITIOJNHSATH JCHEPBALUIO arteria
carotis W «BBIKIIOUATh» W3 PETYIATOPHOTO 3BEHA
pacmonokeHHbIe Ha HWHTUME cocyda Oapopeuern-
TOPBI, TMEPENAIONIHe CUTHAIBI IO S3BIKOTIIOTOYHO-
My HEpBY B IIPOJOJITOBATHI MO3I, B KOTOPOM pac-
MIOJIOXKEHBI IEHTPBI cuMmnarudeckoro oraena BHC.

Memoouka kpuodecmpykyuu n. vagus 8 epyoHoM
omoene. Ilpn pa3paboTke METOIMKH KPHUOAECTPYK-
UM K. vagus B TIPYIHOM OTAENE Mbl NPOBOAMIM
KPHOZIEHEPBALUIO JYI'H a0OpThI C LIEJIbIO «BBIKJIIOYE-
HUsD» 0apopelenTopoB Iyru aoprel. V3BecTHO, 4TO
JIeBBIN Oy aromuii HepB (IIPU BXOJIE B TPYIHYIO
MOJIOCTh) pacrojyiaracTcs Ha IEpeAHEd MOBEPXHO-
CTH OYTH aOpThl, a MpaBblil — Ha NepelHel MoBepx-
HOCTH Ha4yaJbHOTO OTAeNa MpPaBOW MOAKIIOYNYHOU
aptepuu [6].

[Mocne HapkoTH3auu U (HUKCALUU KUBOTHOTO K
OMEePAaLMOHHOMY CTOJY B acCENTUYECKHX YCIOBHUSX
IIPOM3BOANIIM KOJKHBIN pa3pe3 B 30HE IIPABOTO U Jie-
Boro II mexpebeprsi. bonpmryro u Mamyio TpyaHbIe
MBIIIIIBI Pa3BOANIN B CTOPOHBI.

Jns TouHOW BepU(HUKAIMH BOCXOAIIETO OTAENa
U JIyTM a0OpThl UCIIOJIb30BAIM 3HIOCKOIINYECKUN Me-
tox [11, 12]. Punockom 0° quamerpom 2,7 MM («MGB»,
I'epmannst) BBOmuM 4yepe3 Tpoakap (muamerp 3,0 Mm)
Bo II mexpebepne cneBa. IlpenBaputenbHo Hakiia-
JBIBAJIM /IBA MIPOBU3OPHBIX W-00pa3HBIX IIBa C 3ax-
BaroM Il u III pebep u Quxrcanuelt Hured. JaHHbIH
MpHUEM MO3BOJISIET MOCIE 3aBEPLICHUSI KPUOACCTPYK-
UM OBICTPO 3aKPHITh paHy W NPEAOTBPaTUTh pas-
BUTHE OTKPBITOTO ITHEBMOTOpAKCa, ITOCKOJIBKY OIle-
palnuo IPOBOAMWIN B YCJIOBHSX CIIOHTAHHOIO JbIXa-
HUsl 0e3 HCIOJIb30BaHUS alapara MCKYyCCTBEHHOM
BEHTHUJIILIUU JIETKUX.
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Puc. 1. KpuogecTpykuus n. vagus LWENHOro OTAena KpbIChl.
A — onepaTuBHbIN JOCTYN K COCYAUCTO-HEPBHOMY MYy4KYy
B «COHHOM» TpeyronbHuke cnpasa. Ctpenkon 0603HayeH
n. vagus; B — kpuogecTtpykums n. vagus.

Fig. 1. N. vagus cryoablation in rat’s cervical region. A —
cutdown approach to neurovascular bundle in ‘carotid’
triangle on the right. The arrow indicates the n. vagus;
B — the n. vagus cryoablation.

the superior belly of musculus omohyoideus and
an anterior edge of musculus sternocleidomastoi-
deus (Fig. 1A). The vagus nerve, internal jugular vein
and common carotid artery are located in the com-
mon connective tissue sheath [11].

The n. vagus was isolated from the neurovascular
bundle and its local cryoablation was carried-out
(Fig. 1B) without damaging the surrounding tissues.
After careful hemostasis, the surgical wound was
sutured in layers.

Depending on the tasks set, the one- or two-sided
cervical vagotomy was performed. This cryosurgical
method provides denervation of the arteria carotis
and ‘switching off” from a regulatory link of the
vascular intima-located baroreceptors, transmitting
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Puc. 2. KprogecTpykumsa ayrn aopTtbl KpbiCbl. A — pacnonoXxeHne aopTbl B rPyAHON NONOCTU (TOPAKOCKONWS, CTPENKon

yKa3aH BOCXOAALLMI OTAen aopThl); B — kpuogeHepBauus oyrn aopTbil.
Fig. 2. Cryoablation of rat aortic arch. A — aorta location in chest cavity (thoracoscopy, the arrow indicates the ascending

aorta); B — aortic arch cryodenervation.

B mpaBoii nonoBuHe rpyAHOH MOJIOCTH C MOMO-
mplo Tpoakapa (nuamerp 5,0 mm) B 30HYy Il mMex-
pebepbsi BBOAWIIN YHIOCKOTIMYECKUN 3aKHM, BCKPBI-
BN TEpUKap] B OOJIACTH OCHOBaHUS CepAla U
MOOMIH3UPOBAIN a0pTy (pHC. 2, A).

VYnanuB 3aKUM M TpoOakap, BBOAWUIU KPUOUH-
crpymert KJI-3. [IpaBocTOpOHHSS TOPaKOTOMHUS BO
IT mexpebeppu oOecrieunBaeT ONTHUMATBHBIA J0C-
Tyn K Ayre aoptel. IIpuMeHeHue criennanbHON Ha-
CaJKl B KayecTBE KpHUOAINIUIMKATOpa I103BOJIAET
00XBaTUTh AYTYy aOpPThl M MPOBECTH KPUOAECTPYK-
LUI0 COCyla B TIOJMHOM OOBEME 10 TMpeKpalleHHs
KpoBoTOKa (puc. 2, B).

VY4yacTok aopTel MOciae KpUOBO3AEHCTBHUA M U3-
BJIEYEHUs] MHCTPYMEHTA OTTauBajl B Te€4eHHUe 57 c,
U KpOBOTOK B a0pT€ BOCCTAHABJIMBAJICS. 3aTeM pU-
HOCKOII M3BJIEKAJIU U3 rpyaHou monoctu. Ilocne re-
MocTa3za W-o0pa3Hble MBHI ¢ 00X CTOPOH 3aTATH-
BaIM U IIOCJIONHO YIIMBalIM MOCJIEONEPALMOHHYIO
paHy.

CBeToBasi MUKPOCKOIIHS OJYTOHKUX CPE30B a0p-
Thl TI0Ka3ajla, YTO B HOPME CTPYKTypa BCEX CIIOEB
HCCIIEIyeMOro cocyda coxpaHeHa. Olpenensioch
YETKOE pas3rpaHUveHuE 1o ClosiM (puc. 3, A).

AnBeHTHIIVATBHAS 000JIOUKa ObLIa MpEnCcTaBie-
Ha KOJUIAar€HOBBIMU BOJIOKHaMH, puOpoOnacramMu u
JKUPOBBIMH KJIETKaMH, a TakXKe MyYKaMH HEPBHBIX
BOJIOKOH, MIYIIMX BJOJIb COCYla M IEpeKpelInBa-
onmxcss Mexay coboil. Kietku sHmorenus Ha mo-
JYTOHKUX Cpe3ax He OIpelessuInch. BHyTpeHHss
JnacTudeckas MeMOpaHa 4eTKO BBIPAXKEHA, €€ CBSI3b
C MBIILIEYHBIM CJIOEM COXPaHEHA.

ITocne kpuoneHepBalMM HEPBHBIC BOJIOKHA ajl-
BEHTHLIMAIILHONH OOOJOYKU MpeTepHesy 3HAYUTEIb-

the signals along the glossopharyngeal nerve to the
medulla oblongata, where the sympathetic ANS
centers are situated.

Cryoablation technique for thoracic n. vagus.
When designing the technique for thoracic n. vagus
cryoablation the aortic arch was cryodenervated
to ‘switch off’ the aortic arch baroreceptors. The
left vagus nerve, when entering the chest cavity, is
known to be located on an anterior surface of the
aortic arch, and the right one is found on an an-
terior surface of the initial section of the right
subclavian artery [11].

After animal anesthetizing and fixing to the
operating table, a skin was incised under aseptic
conditions in the area of the right and left II
intercostal spaces. The pectoralis major and minor
were separated apart.

The endoscopic method was used for precise
verification of the ascending aorta and aortic arch [4,
6]. The 0° rhinoscope with 2.7 mm diameter (MGB,
Germany) was inserted through a trocar (3.0 mm
diameter) into the II intercostal space on the left.
Two provisional W-shaped sutures were prelimi-
narily laid with capturing the ribs II and III and
suture fixation. This technique helps to close
wound rapidly and to prevent an open pneumo-
thorax development after cryoablation completing,
since the surgery was carried-out under spontaneous
breathing with no apparatus for artificial lung
ventilation.

An endoscopic clamp was inserted into the
2" intercostal space in the right chest cavity, using
a trocar (diameter 5.0 mm), the pericardium was
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Puc. 3. CDparmeHT CTEHKWN AYrn aopThbl KpbiCbl: A —
METUINEHOBBLIM Y TONyMANHOBBLIM cHUM (N — HEpBHbIE BOMOKHA, L — npoceeT apTtepun). CBeToBasi MUKPOCKOMNKS.

o

Fig. 3. Rat’s aortic arch wall fragment: A —the norm; B
and toluidine blue (N — nerve fibers, L —

HBIE JECTPYKTHUBHBIE HW3MEHEHHs, NPHUBOIIIINE K
pa3pyIICHUIO KJIETOYHBIX 3yeMeHToB (puc. 3, B),
OONBIIMHCTBO W3 KOTOPBIX OBLIH (PparMeHTHpO-
BaHbl M HMEIU BHJ Pa3MbITHIX IO IIOBEPXHOCTH
oyaroB. Omnpenensuiuchk KpPOBOM3IMSHUSA U3 Mell-
KHUX KPOBEHOCHBIX COCYJOB aJBEHTHIIUU BCIICACTBUE
HapyLIeHUsl LEIOCTHOCTH HX COCYIUCTOM CTEH-
KM, YTO CBHJCTEIBCTBOBAIO O pa3pyllICHHH HEpB-
HBIX OKOHYAaHUH, B TOM 4Hcie H Oapopeuen-
TopoB [16]. B wMbImeyHol 000JOYKEe Kapkac u3
SNIACTUYECKUX M KOJJIArCHOBBIX BOJIOKOH COXpa-
HSUICS, ONHAKO HAONIONANNCh HX pa3pbIXJCHUE H
JI€30pHCHTAIIHS.

Jnst BepuuKanuyu HAIWYIUA WIH OTCYTCTBHSA
SHJIOTENIUS COCYZa IOCIE KPHOAECTPYKLIMU A0PThI
U3y4aad MOPQOIOTHYECKYIO CTPYKTYPy HWHTHMBL,
UMIIPETHUPYSl T'MCTOIOTHYECKHE Ipenaparbl cepeod-
poM. [IaHHBIN METOX MO3BOJSIET ONMPENEIUTH CTPYK-
Typy KIETOK U TKaHEH, IOCKOJIbKY OHHU O00JIafaroT
pa3sHOi CHOCOOHOCTBIO YAEPKHBAaTh HIJIM BOCCTa-
HaBJIMBATh COJIA cepedpa.

[IpoBenennslii Mop¢oIOruyecKuil aHaau3 cer-
MEHTa IyTH aopThl MOKa3ajl, YTO B HOPME €€ HH-
TUMa MpPEACTaBIeHA SHAOTEINATbHOW BBICTHUIIKOM.
B mpemaparax aopTel, UMIPETHUPOBAHHOH cepeo-
POM, SHIOTEJIMAIBHBIE KJIETKH UMenn (GopMy MHO-
TOYTOJIbHUKOB C YETKUMH PaBHOMEPHBIMH apTu-
POUIBHBIMU KOHTYpPaMH, BBITSHYTBIMU BIIOJIb OCH
cocyna (puc. 4, A).

Ilocne kpuoAeCTPYKUUM CTPYKTypHas OpraHu-
3anys DHAOTENUS aopThl, Kak Hambolee KpHoia-
OWJIBHOM TKaHM, TpeTeprieNa CYIIECTBEHHBIE W3-
MEHEHUS, MPUBOISIIME K €ro ciaymmBaHuio. Ha
npemnaparax OOHapyXeHbl OOIIMPHBIE Y4YacTKU Je-
ckBamMaiuu 3Hotenus (puc. 4, B).
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Hopma; B — nocne kpnopeHepsauum. MNonyToHkuii cpes. OkpalumsaHne

— after cryodenervation. Semi-thin section. Staining with methylene
lumen of artery). Light microscopy.

opened at the base of the heart and aorta was mobi-
lized (Fig. 2A).

After the clamp and trocar removing, the KD-3
cryoinstrument was introduced. A right-sided tho-
racotomy in the 2™ intercostal space ensures an
optimal access to aortic arch. Using a special tip as
a cryoapplicator we can grasp an aortic arch and
perform a total vessel cryoablation until the blood
flow stops (Fig. 2B).

After cryoexposure and instrument removal
the aortic site was thawed for 5-7 s and blood
flow in aorta was restored. The rhinoscope was
then removed from thoracic cavity. After hemo-
stasis, the W-shaped sutures on both sides were
tightened and the post-surgery wound was sutured
in layers.

Light microscopy of semi-thin sections of the
aorta in the norm showed the structure of all the
layers in the studied vessel to be preserved. A sharp
distinction by layers was seen (Fig. 3A).

An adventitial membrane was represented by
collagen fibers, fibroblasts and fat cells, as well as
the nerve fiber bundles, running along the vessel
and crossing each other. No endothelial cells were
detected in semi-thin sections. The inner elastic
membrane was distinct, its connection with the
muscle layer was preserved.

After cryodenervation, the nerve fibers of ad-
ventitial membrane underwent significant destruc-
tive changes, resulting in cell element disin-
tegration (Fig. 3C), most of which were fragmented
and looked like the surface-blurred foci. There
were found the hemorrhages from adventitial small
blood vessels due to a disordered integrity of
their vascular wall, that testified to the destruction
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Puc. 4. ®parmeHT CTeHKM Oyrv aopThbl KpbiCbl. A — 3HAOTENWI aopTbl MHTAKTHOM KpbiChbl; B — aHgoTenu
KpunoBo3gencTaus. VimnperHauus cepebpom. CBeToBasi MMKPOCKOMMS.

Fig. 4. Rat’s aortic arch wall fragment. A — aortic endothelium of intact rat; B — aortic endothelium after cryoexposure. Silver
impregnation. Light microscopy.

Pesynbrarel TpOBEAEHHBIX paHee HCCIeN0Ba-
HUH Ha arteria hepatica [10], Tak ¥ HAMIUX DKCIE-
PUMEHTOB TMoOKa3zanu, yto temmeparypa —120°C u
skcrio3unma 60 ¢ o0ecrednBarOT KPUOACCTPYKIHIO
KaK UHTUMBI, TaK U aJ[BEHTUIIMH COCY/IA.

Memoouka xkpuodecmpykyuu n. vagus 6 Oproui-
HoM omoene. ]I HApKOTHU3AIMU M (HUKCAIMU KH-
BOTHBIX TIPUMEHSUIM BBIIICONHMCAHHBIE METOIMKH.
[Tocne ymaneHWst MIEPCTHOTO IIOKPOBAa B ACEITH-
YECKHX YCIOBHUSIX BCKPBIBAJIM TIEPEIHIOI0 Oprom-
HYI0O CTEHKy. B omepannoHHyI0 paHy BBIBOAWIH
OprolTHOM OTHen muiieBoga U kenyaok. [lo obe

CTOPOHBI KapIuajJbHOTO OTJeNa MUIIEBOJA YETKO
omnpenensuiuchk BeTBH 1. vagus (puc. 5, A). [anee

B — KpyogecTpyKuua nepenHer BETBU n. vagus.

Puc. 5. Kprogectpykuust GptoliHoro otgena n. vagus: A — BbigerneHve npaBoii BETBM GPIOWIHOMO OTAena n. vagus;

=c
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o
T
30
T
3
o
(e}
a
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of nerve endings, including baroreceptors [15]. In
muscular membrane, the scaffold of eclastic and
collagen fibers was preserved, but their loosening
and disorientation were noted.

To verify the presence or absence of vessel
endothelium after aorta cryoablation, the intima
morphology was studied using the silver impreg-
nation of histological preparations. This method
enables determining the structure of cells and
tissues, since they have different capability to retain
or restore the silver salts.

The performed morphological analysis of the
aortic arch segment under normal conditions

showed its intima to be represented by endothelial
lining. In the silver-impregnated aortic preparations

.

Fig. 5. Cryoablation of n. vagus abdominal portion: A — isolation of right branch of n. vagus abdominal portion;

B is cryoablation of n. vagus anterior branch.
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C TOMOIIBIO KPUOUMHCTPYMEHTA MPOBOJUIN KpPHUO-
JECTPYKIUIO TIEpeTHEH BETBU 1. vagus (puc. 5, B).

ITocne TmiarenpHOro reMocTasa MmocIOMHO YIIu-
BaJll TIEPENHIOI0 OPIONIHYI0 CTEHKY W HaKJalbl-
BaJl KOXKHBIE IIBBI Ha paHy. B mocneomnepannoH-
HOM II€pUOJE OCIOKHEHUN, U3MEHEHUH B IOBEACHUU
¥ TpueMe MHUIIH, a TakXe CIy4aeB Iocleornepa-
IIUOHHOM JIETATLHOCTH 3a(DUKCUPOBAHO HE OBLIO.

Kpuoxupypruueckuit METON J1€CTPYKIIUM HEPBOB
OTKPBIBAET HOBBIE BO3MOKHOCTH JIJIsl UCCIICIOBAHUI
(PU3UOMOTHYECKUX MEXaHU3MOB BapuaOEIbHOCTH
CEpIICYHOI0 PUTMA, a TAKXKE MPU MIPOBEJCHUU Olepa-
LUUH, PeAyCMaTpUBAIOIINX KPUOACHEPBALIUIO CEPII-
1a: BETBEH CUMIMATUYECKOTO U MapacUMIIaTHUYECKOTrO
HEPBOB, a TAKXKE CHHYCOBOI'O y3J1a IIPaBoro mpeacep-
THISL.

BrIBOIBI

YCTaHOBIIEHO, 4YTO KPUOXUPYPTUYECKUUA METO.
MO3BOJISIET TPOBOANTH NIECTPYKILHUIO 7. vagus B pas-
JUYHBIX aHATOMUYIECKUX O0ACTSIX IKCIIEPUMEHTAb-
HBIX >KUBOTHBIX U UCKJIIOUUTH BIHUSHHUE MMapacuMIIa-
trdeckoro otaena BHC Ha BapuaOensHOCTh cepiied-
HOTO pUTMA.

Hcnone3ys npeanoxkeHHbI onepaTuBHbIN JOCTYII
B IPYIHYIO MOJOCTh >KMBOTHBIX C MOMOIIBIO IHAO-
CKOTMYECKOM YCTaHOBKM U KPHUOXUPYPTUYECKOTO
METOZa IEHEPBALlMN COCYJIOB, MO)KHO OCYIIIECTBHUTH
JIECTPYKIIUIO OapopernenTopoB AyTrd aOpTHI C COX-
paHeHreM aHaTOMUYECKOH IIETTOCTHOCTH COCY/Ia.

OTHOcuTeNnbHAs OCTYITHOCTh BBIJENEHUS BET-
Bell OPIOIIHOTO OTHENA K. vagus TO JaTepajbHBIM
KpasiM TIMIIEBOJA KPBICH TO3BOJIIET TPOBOAMTH
KPUOJICHEPBAIINIO KaK OTICILHBIX, TAK M 00EUX BET-
Beil HepBa BMECTE C MUIIEBOIOM.

Paboma evinonunena 6 pamrax 6e00MCMEEHHOU HAYY-
Ho-uccredosamenvckou pabomei Mncmumyma npoonem
Kpuobuonocuu u xKpuomeouyunvi HAH Yxpaunvr «/]e-
CIMPYKMUSHi ma 6IiOHOGHI Npoyecu 8 MKAHUHAX in VIVo
nicas Oii HU3LKUX memnepamyp ma 0i0102i4HO AKMUGHUX
Peyosuny (20cy0apcmeeHnblil pecucmpayuoHHbLL HoMep
01170U000849).
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the endothelial cells were polygon-shaped with
distinct uniform argyrophilic contours elongated
along the vessel axis (Fig. 4A).

After cryoablation, a structural organization of
aortic endothelium, as the most cryolabile tissue,
underwent significant changes, entailing its desqua-
mation. The preparations revealed the extensive
sites of endothelium desquamation (Fig. 4B).

Previous findings in arteria hepatica [5], as
well as our own findings showed the temperature of
—120°C and 60 s exposure to provide the cryoablation
of both vascular intima and adventitia.

Cryoablation technique for abdominal n. vagus.
For animal anesthesia and fixation we used the
described above techniques. After hair coat removal,
an anterior abdominal wall was opened under aseptic
conditions. An abdominal portion of esophagus and
stomach were brought into surgical wound. The
n. vagus branches were clearly determined on both
sides of cardiac portion of the esophagus (Fig. 5A).
Further, using cryoinstrument, the cryoablation of
n. vagus anterior branch was performed (Fig. 5B).

After careful hemostasis, an anterior abdominal
wall was sutured in layers and the skin sutures
were laid to the wound. In a post-surgery period, no
complications, changes in behavior and food intake,
neither cases of post-surgery mortality were recorded.

This approach is crucial in studying the phy-
siological mechanisms of heart rate variability,
because of its prospects for surgeries, involving
the heart cryodenervation, i. e. branches of sym-
pathetic and parasympathetic nerves, as well as
right atrial sinus node.

Conclusions

Cryosurgical method was established to enable
the n. vagus ablation in various anatomical areas
in experimental animals and allows excluding the
impact of ANS parasympathetic branch on heart
rate variability.

Using the proposed surgical approach to ani-
mal chest cavity by means of endoscopic device
and a cryosurgical way for vascular denervation,
the aortic arch baroreceptors may be destroyed
while preserving the anatomical integrity of the
vessel.

A relative accessibility of isolation of the n. vagus
abdominal branches along the lateral edges of rat
esophagus enables the cryodenervation of individual
and both nerve branches along with esophagus.

The work has been carried out within the scope of
the Departmental Scientific Research of the Institute for
Problems of Cryobiology and Cryomedicine of the National
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