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O6ocHoBaHue. [aHHoe HaboaeHne noa4epkuBaeT BaXHOCTb dHAOBACKYJ/ISIPHOIrO BMeLLaTe/ibCTBa B MUHM-
MaJibHbI€ CPOKU, YTO MPUBOAUT K 61arornpusiTHOMy UCXOAY, Tak Kak OCHOBHbIMU MPUYMHaMy CMepTy rnpuv 6oe-
BOVI TPaBME B rpyab SBASIOTCS KPOBOTEHEHUS U3 MOBPEXLEHHbIX COCYL0B CPEAOCTEHMSI.

MerTtoabl. [peacraBieHo KIMHNYECKoe HabJIIoAEHNE YCeLIHOro 3HA0BACKYJ/ISIPHOMO J1e4eHns TpaBMaTnye-
CKOro roBPEXAEHNS COCYANCTON CTEHKU rPYAHOro OTAEsa aopPThl PAHSLLMM OCKOJIKOM C (POPMUPOBaAHNEM
riceBaoaHeBpu3Msbl. [launeHTy 6blsio BbIMOJIHEHO CTEHTUPOBAHWE rPyaHOro oTAesa aopThl C peHecTpaLmner
CTeHT-rpagTa v ¢ nocaenyLMM CTEHTUPOBAHUEM MarucTpasbHbIX apTepuii ros0BbI B YCI0BUSIX TNOPUAHOM
onepaLnoHHOMN.

Pe3ynbratsl. [JaHHOe HablogeH1e MNOATBEPXAAET BbICOKUI NOTEHLMas 3HA0BaCKY/ISIPHOro MEeToAa JIeHEeHUs
rnpu MOBPEXAEHUN PYAHOro oTAesa aopTbl Kak 3(OEKTUBHOIO M MEHEE WHBA3WBHOIO BMELLATE/IbCTBA.
OcCHOBHbIM rioka3aresieM HabJIloAeHNs] CTasl BbICOKWI YPOBEHb YCIeLIHOCTY rnpoueayp 6e3 HeobxoammocTu
OTKPbITOrO XMPYPrn4eCckoro BMeLLaTebCTBa.

3aknoveHne. SHA0BaCKYASIPHOE 3HLOMPOTEINPOBAHNE AYr a0PThl M €€ BETBEN C MPUMEHEHNEM CTEHT-
rpapta aBasetTcs 3PEKTUBHBIM N abTEPHATUBHLIM METOAOM JIEHEHUS NALMEHTOB C AAHHOW Naro0rne
rPYAHOM aopPThbl, KOTOPbIE 10 TEM WJIN UHBIM MPUYMHaM He MOryT ObiTb KaHAvAaTamMu 415 TPaAULNOHHOO rpo-
T@3MPOBaHUSI C UC0JIb30BaHNEM UCKYCCTBEHHOIO KPOBOOOPALLIEHUS.

KnioyeBsbie crnoBa: ¢peHecTpaums CTeHT-rpagTa; aHAO0MPOTE3NPOBAHNE AYrv aoPTki; NOCTTPaBMaTUYecKas
aHeBpu3ama; 3D-reyatb rpyaHoOro oTAes1a aopThl; CTEHT-rpagT; NceBaoaHeBpn3Ma

Ansa umtnpoBanusa: A.B. MeaHos, P.C. MNonakos, B.W. bakwees, B.A. MiBaHos, A.H. JInwyk, M.E. Cemé&HoB,
A.H. KontyHoB, P.M. LWa6aes, PA. Annsapos, C.[. MakcaHoB, WN.C. bazaHos, [.A. KapamsH, K.A. Kyp-una.
B0O3MOXHOCTV 3HO0BACKYIIPHOIO JIEYEHUS TPYAHOM a0opPThbl C MOMOLLLIO deHecTpauumn CTeHT-rpadTa (KInHU-
yeckoe HabnoaeHune). MexayHapoaHblv XypHan MHTePBEHUMOHHOM kapanoaHroioryn. 2024; 79 (4): 9-22.
https://doi.org/10.24835/1727-818X-79-09

KOoHPAUKT nHTepecoB: aBTopbl 3asBASA0T 00 OTCYTCTBMU KOHMNNKTA MHTEPECOB.
UcTouHukn pnHaHcupoBaHus: paboTa BbinosHeHa 6€3 CMOHCOPCKOM NoaAePXKKU.

BO3MOXHOCTV 3HAOBACKY/ISIPHOMO JIEHEHWS TPYAHOV a0PThl C MOMOLLbIO (heHeCcTpaummn CTEHT-rpagTta
(knuHmn4Yeckoe HabnogeHve)
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Possibilities of endovascular treatment
of the thoracic aorta using stent-graft fenestration
(clinical observation)
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Objective: to present a clinical observation of a successful endovascular treatment method in a patient with
traumatic injury to the thoracic aorta as a result of a shrapnel wound, emphasizing the importance of timely
diagnosis and the use of modern specialized instruments.

Rationale. This example highlights the importance of endovascular intervention in the shortest possible time,
which leads to a favorable outcome, since the main causes of death in combat chest trauma are bleeding from
damaged mediastinal vessels.

Methods. A clinical case of successful endovascular treatment of traumatic injury to the vascular wall of the
thoracic aorta by a wounding fragment and with the formation of a pseudoaneurysm is presented. The patient
underwent stenting of the thoracic aorta with fenestration of the stent graft and subsequent stenting of the main
arteries of the head, in a hybrid operating room.

Results. This case confirms the high potential of endovascular treatment for thoracic aortic injury as an
effective and less invasive intervention. The main outcome of follow-up was the high success rate of procedures
without the need for open surgery.

Conclusions. Endovascular endoprosthetics of the aortic arch and its branches using a stent graft is an
effective and alternative method of treating patients with this pathology of the thoracic aorta, who for one
reason or another cannot be candidates for traditional prosthetics using artificial circulation.

Keywords: stent-graft fenestration; aortic arch replacement; post-traumatic aneurysm; 3D printing of the
thoracic aorta; stent-graft; pseudoaneurysm
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KpaTtkuihr Teauc

B ctatbe nmpenctaBfieHO KIMHUYECKOE Ha-
oniogeHre ycrnewHoro npoTe3avnpoBaHus Ooyru
aopTbl B pe3ysabTaTe OCKOJIOYHOro MNOBpPEX-
OEeHNS C MNOoMOWbID QGEHECTPUPOBAHHOIO
cTeHT-rpadpTa. lNo opurnHanbHOM mMeToauke,
rnocnenoBartesibHO BbIMNOJIHEHbI: peHecTpaLms
rpyaHoro cteHt-rpadpta (no gaHHbiM MCKT-
aHruorpadpun n 3D-makeTy aopThl) U nocne-

Aylolee CTEHTMPOBaAHME CTeHT-rpadpTamu ma-
rMCTPanbHbIX apTepuii ronosbl. NMpobnema ne-
YEHUS OrHEeCTPEeNbHbIX U MWHHO-B3PbIBHbIX
paHeHuUl aopTbl 3aHMMaeT OOHO W3 MNepBbIX
MECT B BOEHHO-TOIEBOM XUpPyprun. 1o cBg3a-
HO Npexae BCero ¢ MoaepHu3aumen n ycosep-
LUEHCTBOBAHNEM TPAAMUMOHHBLIX BUOOB OpPY-
XN N LWIMPOKMM UCTMONb30BAHMEM B3PbIBHbIX
YCTPOWCTB, 4YTO CNOCOOCTBYET YBEIMYEHUIO
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yncna paHeHui Kak B MMPHOE, Tak 1 B BOEHHOE
BpemMs. BbinonHeHne rmbpuaHoro 9HO0BaACKY-
JISPHOrO BMeLlaTeibCTBa y NaLMEHTOB OAaHHOM
rPYnMbl HA CeroAHSALWHUIA OeHb ABNSETCS nep-
CMEKTUBHbIM, ManoTpaBMaTU4HbIM METOOO0M
neyeHus.

BeepneHue

MpoHuKalowme paHeHNa TPpyan xapakTtepu-
3yl0TC 0COOON TSAXECTbIO TeyeHus 3aboneBa-
HU. OCHOBHbBIMU NMPUYMHaAMM CMepPTK Npu 6oe-
BOM TpaBME B rpydb ABNSAIOTCA KPOBOTEYEHUS
N3 MOBPEXAEHHbIX COCYAOB CPEOOCTEHUS W
KOopHs1 nerkoro B 20%, KpOBOTEYEHNS N3 30H
COYETaHHOro paHeHus B 28% 1 paHeHusa cepa-
ua B 22% (1).

Mo maHHbIM J1.H. Bucenkosa (2000), a Takxe
OPYryux aBTOpoB, GONbLUMHCTBO MPOHMKAIOLLNX
OFHEeCTpPesibHbIX PAHEHWUI FPYyAX COMNPOBOXAA-
€TCs OCTPOIN MaCCUBHOW KPOBOMNOTEPEN U LLO-
kom (BonHoBckuin E.A., 2011; Xectkoe K.I,
2013). NMpwn co4eTaHHOM OrHeCTpPenbHOM paHe-
HUK COCTOsIHME NMauueHTa eLle bonee ycyryons-
eTcs. Tak, no gaHHbiM IN.T. bptocosa (2010), npu
TopakoabaoMMHabHbIX PAHEHUSIX JIeTaNIbHOCTb
B A¢praHuctaHe gocturana 42%, B HeuHe — 33%.
[nsa nporHosa noBpexaeHns rpyam v opraHmaa-
LMW NeYEeHNs1 BaXKHOE 3HayYeHue MMEIOT xapak-
TEp paHeHus, BUA, PaHSLLEro cHapsaa, Hanpas-
JIEHME PaHEBOro kaHana, CO4ETaHHOE MOBPEX-
[eHune gpyron obnactum (2).

YnyduweHne kadyecTBa OKa3aHUA MeauLMH-
CKOI MOMOLLM Ha aTanax 3Bakyauun paHeHbIX
1 COKpaLLLEHMSA BPEMEHW OOCTaBKM B LEHTPaslb-
Hble rocnuTanu (TPETbEro YPOBHS), BHEOPEHNE
HOBbIX TEXHOJIOM M, B TOM YMCE SHA0NPOTE3N-
pOBaHMSA COCYOO0B, CNOCOOCTBYIOT KapanHasb-
HOMY peLueHuto NpobaieMbl 60EBLIX MOBPEXAE-
HU COCYOUCTOM CUCTEMbI Y PAHEHbIX.

BrnepBble B MMpe yCTaHOBKa COCYAUCTOro
aHponpoTe3a (cTeHT-rpadgTa) Obina BbiNonHe-
Ha B 1985 . coBeTCkMM xupyprom Hukonaem
JleoHTbEBMYEM BOnogocem mn ¢ aTnx nop npoy-
HO BoOwWMa B MNOBCEAHEBHYID MEOMLUMHCKYIO
npakTuky (3, 4).

Tem He MeHee OBOLENPUHATBIM ObII0 MHe-
HME, YTO NPMOPUTET STON TEXHONOTUM NPUHAL-
NIEXUT apreHTUHCKMM Yy4YeHbIM 13 WMHcTuTyTa
cepae4yHo-cocyaucTon xupyprum ByaHoC-
Anpeca J.C. Parodi v ero konneram J.C. Palmaz
n H.D. Barone (5). B 1994 r. Ha VIl Mexay-
HapOOHOM KOHIrpecce Mo 3HAOBACKYNSPHbIM
BMewartenbctBam (dpeBpanb 13-17, 1994,
duHuke, Apmaona) npuoputeT H.J1. Bonogocs
Obin noaTBepxaeH (4, 6, 7). 3aBenyroLmin OT-
LeNeHnemM CocyamncTom Xupyprum memMmopuvanb-

HOM 6onbHUUbI B BanTumope (wtat MapuneHa,
CLUA) FJ. Criado (2022) nucan, 4to “BOOpPY-
XXMBLUUCH BbllLieyKa3aHHbIMU 3HAHUAMMW, ObINO
Obl TpyoHO He nposo3rnacuTb Hukonas
Bonogocs rMraHTomM MCTOPUYECKUX MacluTa-
O0B B COCYANCTOW 1 9HA0BACKYISIPHOW XMPYP-
MM N OTLOM 9HO0BACKYNAPHOW NnacTukn” (4).

Ha cerogHAWwWHWA OEeHb 3HAO0BACKYsSpHas
XMPYPrus 3aHsna rnpo4yHoe MECTO B JIeHEeHUMU
cocyaucTbix 3aboneBaHuin u TpaBm (8).
OHOoBacCKyngpHOe BMeELLaTEeNbCTBO Ha aopTe
SIBNIIETCA OCHOBHbLIM CNOCOOOM onepauuu rnpu
TPaBMaTUYECKMX MOBPEXOEHMSAX KAK HUCXOOS -
uero otaena, Tak u rpygHom aoptsl (9, 10).

C pasButMEM 3HOOBACKYNSAPHbIX METOAUK
nokasaHms K 9HO0BACKYASPHOMY BOCCTAHOB-
neHunto rpygHom aopTol (Thoracic EndoVascular
Aortic Repair (TEVAR)) NOCTOSHHO pacLumps-
loTcs. B HacTosiLlee BpemMa 9HO0BACKYNAPHOE
JleyeHme oyrm aopTbl BbIMOSHAETCS Y 60MbHbIX
MOXW0ro BO3pacTta M NauneHTOB C TSXKENbIMUA
CONyTCTBYIOLWMMU 3a00/IEBAHUAMU, ¥ KOTOPbIX
MMEETCS BbICOKU PUCK CMEPTHOCTU U HEBPO-
JNIOFMYECKUX OCJTOXHEHUIM NMPU OTKPBLITOM NPO-
TesmpoBaHun agyru aoptbl (11, 12). Tak, no
naHHbiM T.3. MimaeBa u coasT. (2021), rmaBHbI-
MM MpUYHaMmM Oasi otkasa OT TPaaMLMOHHOIO
NnpoTe3NpPoOBaHUS ABNSNINCL XPOHMYeckast 0o-
ne3Hb noyek (22,5%), xpoHnyeckasi 06CTPyK-
TuBHas 6onesHb nerkmx (11%), octpoe Hapy-
LIEHNE MO3roBOro KpoBOOOpalleHns B Teye-
HMe nocnengHux 6 mec (15%) (11). 1 maxe npun
npaBuabHOM 0T6ope BOSbHbLIX 4151 9HO0BACKY-
NIIPHOrO NPOTE3NPOBaHUA AYrM aopTbl BO3-
MOXHO pa3BUTUE OCNIOXHEHUN. Tak, n3 45 na-
LMEHTOB, KOTOPbIM BbIMOJIHANACH PEKOHCTPYK-
UMs BETBEW aopThbl, Pa3BMIMCb Clepyloume
OCJIOXXHEHUS, CBSI3aHHbIE C BMELLATENbCTBOM:
3 (11%) cnyyas OCTPOro HapyLleHns MO3roBo-
ro KkpoBoobpatlueHus, 2 (7,4%) OKKI3nn BET-
Benm aoptbl U 1 (3,7%) sHponuk Il Tuna.
lfocnutanbHasa n 30-gHeBHas NeTanbHOCTb CO-
ctaBunun 3,7 n 7,4% CcOOTBETCTBEHHO.

Mpn PEKOHCTPYKLUUN HUCXOOALWEN rPYyaHON
aopTbl 3HOONPOTE3NPOBAHME CTAHOBUTCS Me-
TOAOM BblbOpa OJ11 MHOMMX MNaHOoBbIX U B0JIb-
LUMHCTBA 3KCTPEHHbIX cny4daes (9). MNpu nato-
norum goyrmn aopTbl “3010TbIM CTaHOAPTOM”
OCTaeTca TpaguUMOHHOE MNpPOTeE3npoBaHue
C WCMOSIb30BAHUEM MCKYCCTBEHHOIO KPOBO-
obpalleHns, KOToOpoe Hepeako accouunpyeT-
Cs CO 3HAYUTENIbHOWM CMEPTHOCTbLIO 1 4aCTOTOW
WHCYNbLTOB, YTO HEPEeOKO ABNSETCS MPUYNHON
OoTKasa B onepatnBHOM nedeHunun (13-15).

B nocnepHee Bpems Bo3pacTaeT UHTEpEeC
K 3HOO0BACKYMSAPHbIM U TMOPUAHLIM MeTodam

BO3MOXHOCTY 3HAOBACKYISIPHOMO JIEHEHNS rPYAHOM a0PTbl C MOMOLLbIO (peHecTpaumn CTEHT-rpagTta

(KnuHn4Yeckoe HabnwaeHne)
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KOpPEeKUMn aHEBPW3M Oyrv a0pPThl 1 €€ BETBEN
(16), TpaBMaTU4YECKNX MNOBPEXOEHUN AO0PTHI,
B TOM 4ucne npu nonmtpaesme (17, 18).

MbpunaHoe BOCCTaHOBMIEHWE AOYrn aopThl
BKJIIOYAET 3HA0MNPOTE3MPOBaHNE C AeOpPaHUYMH-
rom' BeTBen Oyrm aopTtbl. Bnepsbie TexHwuka
nebpaHumHra oyrm aopTbl (6paxnouedanbHbini
nebpaHyuHr) Obina paspaboTaHa HuaepnaHa-
CKUMU yyeHbiMn J. Buth n coast. B 1997 .
(oTmeneHuss cocyamcTon XMpyprum G0nbHULbI
KatapuHa, 9nHaoxoseH, Hupepnanapbl). Le-
OpaHYMHIr OpIOLWHON aopThbl (BUCLEpPasbHbIN
nebpaH4YMHr) npum TOpakoadaoMUHAaNIbHON
aHeBpu3Me aopTbl BnepBble Oblil BbIMOJSIHEH
Quinones-Baldrich n ero konnerammn s genap-
TaMeHTa cocyaucTon xupyprum Kanupop-
HUNCKOro yHusepcuteta (Jloc-AHgxenec,
CLUA) B 1999 . Ina BbINOJSIHEHMSA SHAOOMPOTE-
3MPOBaAHUA Pa3fINYHbIX OTAENOB MPYLHON aop-
Tbl amepukaHckumun ydeHbiMmbl R.S. Mitchell
n coaBT. Obina paspaboTaHa aHaToOMM4YecKas
Knaccmopunkaumsa no 3oHam dukcaumm 3HOO-
npoTe3a (19).

HeobxoammocTb B aebpaHynHre 6paxuvoue-
danbHbIX BETBEN BO3HUKAET, €C/IN CTEHT pac-
rnosiaraeTca B Ayre, nepekpbiBas yCTbsa €e Mma-
rMcTpasnbHbiX BETBEN. B 9TOM cnyyae nepsbiM
aTanom nepen CTEHTUPOBAHMEM BbINOJTHAETCS
onepaums ans cos3gaHna “30Hbl NnpusemneHns”
nyTemM nepeksiovYeHna BeTBEW Ayrvu aopThbl.
Mpn TOTaNIbHOM 3HOOBACKYJISIPHOM MPOTE3NPO-
BaHUU Oyrn aopTbl UCMONb3YIOTCA PasfinyHble
MeToAbl CynpaaopTasibHOro sHAOAEOpaHYMHra,
3TO MMMNaHTauus 6paHLWMPOBAaHHbBIX 3HO0MNPO-
Te30B, GEHECTPUPOBAHHLIX rPadTOB 1 pasnny-
HbIX METOA0B MapasnaesibHOro 3HA40NPOTE3NPO-
BaHua (“gpimoxopd” (chimney), “nepwuckon”
(periscope) n canapud (sandwich)) (20, 21).

Hamun Bnepsble B rocnutansax MnMHOG0pPOHbI
P® BLINONHEHO TOTaNIbHOE SHAONPOTE3NPOBA-
HMe Oyrn aopTbl Yy paHEHOro ¢ GopMUpPOBaAHU-
eM MNOCTTpaBMaTU4YeCKOM aHeBpU3Mbl Oyrin
aopTbl N ee BETBEN C UCMNOJIb30BAHNEM TEXHO-
norum 3D-nevatn (ons 6onee 4eTkoro npea-
CTaBNeHUd B BbINOAHEHUU eHecTpauumn
B rPyOHOM CTeHT-rpadTe).

Ona To4yHOro onpegeneHns m N3MepeHus
aHAaTOMMYECKMX MapaMeTpoB NauymeHTa Mo
n3obpaxeHmam MCKT-aHrmorpadpmm mcnonb-
3oBanachk paboyas ctTaHUMS AN BU3yanusawumm
cocynoB. Onepauusa BbiNoONHANAcb B rmbpua-

' NlebpaHunHr (0T aHrn. debranching — nepeknioyeHne) —
npoTe3npoBaHMe WM LUYHTUPOBaHWE BETBEW Ayrn
a0pTbl C LENbI0 X NEPEKTIOYEHNS U OCBOOOXAEHMS
Heo6X0aMMOro y4acTka aopThl A1 faNIbHENLLErO CTEH-
TUPOBAHUS.

HOM onepauroHHON. B cocTtaB onepupyloLLen
Opuragbl BXOAWIWN: KapOMOXUPYPru, cocyam-
CTble XVPYPrv, PEHTreHOHO0BACKYNAPHbIE XU-
pypru, aHecTe3nonorm-peaHnMaTosnoru, 6pu-
raga nepdys3mnoaoroB B pexnmMe OXXnaaHus.

KnuHuyeckoe HaGnopaeHune

MauyieHT gocTaBneH ¢ NnepenoBow, Npongs aTa-
nbl OKa3aHUsl NepBov MEONLUMHCKOWM MOMOLLV, Bbl-
MOJIHEHbI: TPAXeOCTOMMUS, MHTEHCMBHASA MOJIMKOM-
MOHEeHTHass KOHCepBaTuBHas Tepanusa, aHTubakTe-
puanbHaa Tepanus. OuarHo3: MMHHO-B3PbIBHOE
paHeHne, OCKONIOYHOE CIeNoe paHeHue Lweu, Npo-
HUKawLllee B FPyOHYylO KNeTKy, C MNOoBpeXaeHUEM
Oyrn aopTbl, reMonepukapn, 6e3 yrposbl Tamno-
Haabl cepjua, MHOPOAHOE Teslo (OCKOMOK) Ayru
aopTbl, OCKOJSIOYHOE paHeHMe BEPXHEro Beka npa-
BOro rnasa, akyTpaBma cfieBa, COCTOsIHME rocne
Tpaxeoctomumn. CaHuTapHon aBuaumen Obin Ooo-
ctaeneH B Prey “HMUL, um. A.A. BuliuHesckoro”
MunHo60pOoHbI POCCHK B COCTOSIHNM MCKYCCTBEHHOMN
KOMbI N3-3a TSXEJbIX COYETaHHbIX MOBPEXAEHMIA.

TaxecTb 06ycrnoBfieHa xapakTepoM MNosTly4eHHO-
ro paHeHus, HEBPOJIOrNYECKUM AePULNTOM, Ablxa-
TeNbHOM HeoOoCTaTOYHOCThLIO. BbinonHeHbl nabopa-
TOPHbIE U WHCTPYMEHTasNIbHble KnCcCcneaoBaHus.
Mpu MCKT-aHrvorpaduun BbisiBUAN NOCTTPaBMaTu-
4YecKkylo MNceBA0aHEeBPU3MY 3afHell CTeHKW ayru
aopTbl padmepamMmu 9 x 8 X 6 MM, wenka 5 X 5 Mm
C NpuiexaHnemM NHOPOLHOroO Tena MeTayInyeckom
MA0OTHOCTM 9 X 8 MM 1 NCEBOOAHEBPU3MY YCTbS Je-
BOM 0OLLEer COHHOM apTepum 25 x 22 x 29 MMm.
OxoKI 6e3 ocobeHHocTen. lNMpu 33odaroracTpo-
LYyOAEHOCKOMUN ONpeaensanTcs A3BEeHHble gedek-
Tbl CNM3UCTOW BEPXHEW TpeTum nuueBona.
BbINoNHEHO yNbTpa3BykKOBOE MCCliedoBaHVE OPIoLL-
HOW MOJIOCTU, MOYEK U Ta3a, 6e3 natonoruii. JaHHbie
0O6BbEKTMBHOIrO OCMOTpPA: B 061acTu LWen Haf, ApeM-
HOW BbIPE3KOM B 00/aCTU TPAXEOCTOMMUYECKOM
TPyOKM BXOAHOE cnenoe 0CKoo4YHoe paHeHmne pas-
mepamum 2,0 x 0,5 cm. Mpur NoCcTynaeHnm CocToaHne
6onbHOro Tsaxenoe: 19 6annoB (pPUCK CMepPTU CO-
ctaenseT 32,2%) no wkane APACHE 112 (22).

Ha 3-u cyTkn paHeHbl 6bii1 BbiIBEAEH U3 UCKYC-
CTBEHHOW KOMbI, 3aTeM Tpaxes 3KCTybupoBaHa.
YuntblBas TAXECTb COCTOSHUS MNauUMEHTa, KOHCU-
JNyM crneumanucToB rocnuTans B COCTaBe kapamo-
Xupypra, COCYAMCTOro Xuvpypra, paHTreHaHOoBa-
CKYNSAPHOro XMpypra, kKapamonora, aHectesanosora-
peaHuMmaTosiora pekomeHOaBan npoBeaeHue
MUWHUMHBA3WBHOIO 9HAO0BACKYNSIPHOIO Jie4yeHus

2 APACHE II - Acute Physiology and Chronic Health
Evaluation (cuctema knaccudpukaumm OCTPbIX GYHK-
LIMOHAJIbHbBIX Y XPOHUYECKNX N3MEHEHUIA B COCTOAHUN
300pPOBbS).
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paHeHoOro ¢ wmmnaaHTaumen GeHecTpMpPOBaAHHOMO
aHporpadTa B Ayry aopTbl C TOTa/IbHbIM 3HO0BACKY -
NApHbIM 0ebpaHYMHIOM BETBEN OYyrM aOpPTbl CTEHT-
rpadTamun. Ha sTane noaroToBkM K onepaummy obiim
BbINOJIHEHbI TOHKOcpe3oBasds MCKT-aHruorpagpus
c pavHon wara 0,6 MM, 3D-mopenvpoBaHue
cerMeHTa aopThbl (puc. 1a) n 3D-neyaTb rpyaHoOro
oTaena aopTbl ¢ TpudypKaumen MarmcTpanbHbIX ap-
TEpPWi rONOBbI B HATypPasibHYO BENNYMHY (puc. 10).

TexHuka onepauun

B ycnoBuax rmbpuaHon ornepalmnoHHOM 1 Mo,
0o6LLMM HAapPKO30M COCYAUCTbIMU XMpypramm Oblan
BbINOJIHEHbI OTKPbITble JOCTyNbl: K NTOCA 1 obwen
6enpeHHON apTepun crnpasa, 3HA0BACKYISPHbIMUA
XMpypraMmu BbIMNOJIHEHbl YPECKOXHble AO0CTYnbl
K Mnyie4eBor apTepumn cnpasa 1 obuiern 6eapeHHon
apTepun cnesa. WMHTpaapTepuanbHO BBENU He-
dpakuMoHMpPOBaHHbIN renapuH B o3e 100 Mkr/kr.

Puc. 2. VcxooHas aopTto-
rpamma.

Puc. 1.a-3D-moaennpoBaHne
nyrn aoptel (MCKT); 6 -
3D-makeT ayrm aopTbl B HaTy-
pPanbHy BENNYUHY.

Mo opurnHanbHOM MeToavKe NocnenoBaTelbHO
BbINOJIHEHA aopTorpadua (puc. 2), dpeHecTpaums
rPy4AHOro CTeHT-rpadTa no namepeHHoiM Ha MCKT-
aHrmorpamMme pasmepam 1 paHee 3aroToBjI€EHHOMY
3D-makeTy aopTbl. QHOOrpadT HaCTUYHO Obln N3BNE-
YeH M3 CUCTEMbl O0CTaBKM U 06XaT HUTSAMW.
deHecTpaLmn NPOXMIrannCh 3N1IEKTPOKOAryIssTOPOM
M NPOLUMBANNCh HepaccacbiBalOLLMMNCA aTpaBMa-
TUYHBIMU HATAMW C BLUNTBIMUW PEHTITEHOKOHTPACTHbI-
MW KOHYMKaMKM OT KOPOHapHOro nposogHuka 0,014
AlorMa onis yKpenneHus n susyanusaumm peHecTpu-
poBaHHbIX OTBEpPCTUIA (puc. 3a, 6).

Janee BbINONHANOCH NO3TANHOE CTEHTUPOBAHME
CTeHT-rpadToB: Ayra aopTbl, 6paxuouedanbHbli
CTBOJ1, NeBble 06LLaa COHHAsA apTepurs 1 NOAKIIIOHNY-
Haa apTepusi C nocneaylolen noctaunaraymen
6annoHHLIMM KaTeTepamMu, COOTBETCTBYHOLMMU
anameTtpam aptepwuin. [py KOHTPOIbHOW aopTorpa-
dbun nonyvyeH onTuMasbHbI aHrmorpaduyeckmi

Puc. 3. deHecTpaums rpyaHoro aHoonpoTesa. a — aTan BbINOJHEHUA ¢peHecTpa-
UMM aHOoNpoTe3a KoarynaTtopoMm; 6 — npowmBaHme GpeHecTpUpOoBaHHbIX OTBEp-
CTUiA aHgorpadTa.
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Puc. 5. MCKT gyrv aopTbl C UMMNAQHTU-
POBaHHbLIM 3HAOMPOTE30M AYyrv aopThl
M CTeHT-rpadTamMu ee BeTBEN.

pesynbTaTt, NPOCBET aopPThl U €€ BETBEW BOCCTAHOB-
JIEH, NNOXHbIE aHEBPU3MbI MPU KOHTPOJIbHOW aHIMo-
rpadpum — “BbIKJIIOYEHbLI” N3 KPOBOTOKa (puc. 4).
MHCTpYMEHTBI yoansaioTcs, apTepuanbHble OCTYMNbI
M paHbl YLLUNBAKOTCS XUPYPrMYECKUM NYyTEM U HANO-
XXEHMEM  aCenTUYeCKMx OaBsWMx MNOBSA30K.
MocneonepauynoHHbI nepuoa npotekan 6e3 Kakux-
NMB0O OCNOXHEHMN. HYeped Mecsu, NauMeHTy BbINos-
HeHa KoHTposibHas MCKT (puc. 5).

OGcyxaeHue

MoBpexaeHns aopTbl B Oonee 4yem 80%
nPUBOAAT K netanbHOMy ucxony. B mupHoe
BPEMS MPUYMHON MOBPEXOEHUS aopThl ABNAA-
€TCH OOPOXHO-TPAHCMOPTHOE MPOUCLLECTBUNE
(283), B BOEHHOE BpEMS — MPOHMKAOLLNE OrHe-
CTPENbHbIE WM KONOTO-PE3aHbIE PaHEHMUS.
B Hawem HabnoaeHUn NOXHble aHEeBPU3MbI
chopmMmmpoBannucb BcneacTteme obpasoBaHUS
“BpPEMEHHOV NYNIbCUPYIOLLLEN NOOCTMN” OT OCKO-
JIOYHOrO CHapsiga, BO BPEMS KOTOPOro aopTta U
€e BeTBM pacnonaranacb psaaom C TPaekTopu-
€en nosieta ockosika, CMECTUINCb U nepepac-
TAHYINCb, YTO MPUBESIO K pa3pbiBaM MX BHY-
TPpeHHelr 0601I04KN 1 3NAaCTUYHbIX BOJIOKOH.
HemanoBaxHyl0 posib B 9TOM CbIrpasn “rugpo-
OVHaAMUYeCcKun yoap paHgaulero cHapsaa’”,
B pe3ynbrare KOToporo copmMmrpoBasachb 30Ha
“MONEKYNSIPHOr0 CoTpAceHmsa” (no obpasHomMy
BblpaxkeHuto H.W. MNMnporosa).

Hamu gnsa onepatnBHOro neyeHns Tpaema-
TUYECKOW aHeBpPU3Mbl AYyrv aopTbl PaHEHOro
Obln BbIOpaH 9HAOBACKYSPHbLIA MeTon. [Mpwu
COMOCTaBMMOCTM HEMOCPEACTBEHHbIX Pe3yib-
TaToB Mnpegronaraemblii MeTon, ABNSETCA CO-
BPEMEHHbLIM, JOCTYMHbLIM U 3P PEKTUBHBLIM UH-
CTPYMEHTOM B JIEYEHUWN CHIOXHbIX NaLWNEHTOB
HE TONIbKO C aHEBPU3MaMM M PACCIOEHUSAMMN
aopThbl, HO 1 NPW TPaBMaTUYECKOM NOBpexXae-
HUWN aopPTbl, OCOOEHHO B CllyHasiX BbICOKOIO Xu-
PYPrnyeckoro pucka u TSXENOM COCTOAHUN
MoCcTpaaaBLLEro NPy pa3BUTUN XNSHEYIrpoXa-
IOLWMX OCNOXHEHUN. [Mpn NONHOM 3HO0BACKY-
NAPHOM JIeYEeHUN Oyr a0PTbl N SHAO0BACKYISIP-
HOM pebpaHyMHre ee BETBEW COXpaHseTcs
nepdy3ns BCeX BETBEN Oyrn aopTbl, KPOBO-
CHabXXaloLLMX rOsIOBHOM MO3I 1 BEPXHUE KOHEeY-
HOCTW, CHUXKAIOTCS PUCKM HapyLLEHWI MO3roBO-
ro KpoBOCHabXeHus, pa3BuTUSa napannernn,
NwemMmm BEPXHUX KoHevyHocTew. 1o cpaBHe-
HMIO C OTKPbITBIMY BMELLATENIbCTBAMMU UCKIIIO-
yaeTcss HEOOXOAMMOCTb MepexaTusi COHHbIX
apTepui, nckayas TemM camMmbiM PUCKU 3MOO-
JINYECKNX MNOBPEXAEHUA T[ONOBHOMO MO3ra
1 pa3BmUTMSA Ha 3TOM POHE HeOBpPaATUMbIX HEB-
POSIOrNYECKUX OCNIOXHEHWI. 10 HawemMy MHe-
HUIO, OaHHbIN MeTon SABnsieTcs 6onee 6e3o0-
MacHoOM anbTEPHATUBOM OTKPbLITOM onepauuu,
XOTS B MMPOBON NnuTepaType HeT AOaHHbIX,
CpaBHMBAOLLMX OTKPbITOE U 3HOOBACKYNSAP-
HOe NnevyeHue Oyru aopTbl Y COMNOCTaBUMBbIX
MnauMeHToOB; MMEIOTCS OaHHbIE MO 9HO0BACKY-
NFPHOMY IeYEHUIO Ay a0OPThl Y TSXENbIX Na-
LIMEHTOB, OHUM MOKa3biBAOT OOHaAexXuBawLwme
pesynbratbl (24).
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MNepen onepaunert ana TOYHOrO N3MEPEHUS
Oyrn aopTbl UCNOMb30oBanach paboyasa cTaHuus
019 BU3yanu3aumm CocyaoB U UX MOOENMPOBa-
HUS, a TakKe BbINoJHANack 3D-nevyaTsb oyrn aop-
Thl 49 YNPOLLEHNS NPOLECCca BbINOSIHEHUS de-
HecTpauum 1 TOYHOIrO NO3ULIMOHUPOBAHUA U3-
roTOBNEHHOro 3HaonpoTe3a. [leyatb Ha
3D-npuHTEpe Oblna BbINOJIHEHA B Hay4YHO-
nccnenoBaTtenbCcko nabopaTtopum  UCKYC-
CTBEHHbIX OPraHOB HAy4YHO-UCCea0BaTeNbCKO-
ro otaena (Meguko-O6MoNoOrnM4eckmx uccneno-
BaHMN) BOEHHO-MEONUMHCKON akaaeMun UM.
C.M. Kuposa MwuHo60opoHbl Poccumn (CaHkT-
MeTepbypr). HeobxoanMmMo OTMETUTb, YTO
3D-neyaTb B KapaMOX1pyprum no3eBoamna npo-
M3BOOMTb NPeaonepaunioHHoOE ninaHMpoBaHme,
TECTUPOBAHME WMMIIAHTUPYEMOIrO TFPYAHOro
CTeHT-rpadTa, MOAeNnMpoBaHMe reMmoguHamm-
Kn n gp. AHanu3 nutepaTtypbl AEMOHCTPUPYET
3KCMOHEHLUMalbHbIA POCT 4YMcna nyonmkauuvn,
nocesleHHbix 3D-nevatn HadmHasa ¢ 2010
(25).

3aknoyeHue
CnenyeT noaoyvyepkHyTb, 4YTO 3HAOOMNPOTE3U-
poBaHMe Oyry aopTbl C MPUMEHEHMEM Cyrpa-

Brief abstract

This article presents a clinical case of
successful aortic arch replacement, as a result
of shrapnel injury, using a fenestrated stent
graft. Using the original technique, the following
were performed sequentially: fenestration of
the thoracic stent graft (according to MSCT
angiography and 3D model of the aorta), and
subsequent stenting of the main arteries of the
head with stent grafts. The problem of treating
gunshot and mine-explosive wounds of the
aorta occupies one of the first places in military
field surgery. This is primarily due to the
modernization and improvement of traditional
weapons and the widespread use of explosive
devices, which contributes to an increase in
the number of injuries, both in peacetime and
in wartime. Performing hybrid endovascular
intervention in patients of this group is currently
a promising, low-traumatic method of treat-
ment.

Introduction

Penetrating chest wounds are characterized
by a particular severity of the disease. The main
causes of death in combat trauma to the chest
are bleeding from damaged vessels of the me-

aopTanbHOro aHAoAebpaHYMHra ABASETCA allb-
TePHATUBHLIM N 3PPEKTUBHBIM METOLOM Ne-
YeHVUa nauMeHTOB C naTosioruen rpyaHomn
aopTbl, Y KOTOPbIX HEBO3MOXHO BbIMOSIHEHNE
NPOTE3NPOBAHNA C WUCMNOJIb3BOBAHMEM WCKYC-
CTBEHHOro kpoBooOpalleHus. bnarogaps aTto-
MYy MOAXOAy HaM yaanochk n3dexarb Heobxoan-
MOCTM NpoOBefeHUss OTKPbITOM onepaumn Ha
aopTe, YTO CHU3WSI0 PUCKM 1 CNOCOBCTBOBAIO
bonee ObICTPOMY nepuoay peadunutTauun u
BOCCTaAHOBJIEHNS NauueHTa. Ha cnepyiowmin
OEHb MaUMEHT yXXe MOrr NepeaBuraTbCa camo-
CTOATENbHO, 4YTO CBUAOETENLCTBYET O MUHU-
MasnbHON WHBA3UBHOCTU U 3PPEKTUBHOCTU
npouenypbl, 6e3 kakux-nMbo HeBponorunye-
CKMX OCNOXHEHUI. [locTpagaBLunii BEpPHYCS
K HOPMaJibHOW XM3HWN 6e3 3HAYUTENbHbIX Orpa-
HUYEHWI, 4YTO BNAETCH CBUAETENIbCTBOM yCre-
Xa 3HO0BAaCKY/NSPHOro noaxoaa.

MpumMeHeHne 3HO0BACKYNSPHBLIX MEeTOL0B
Cc npumeHeHuem 3D-nevyatn ona nedvyeHus
CepLeyHO-COCyanCTON CUCTEMbI OTKPbIBAET
HOBbIE BO3MOXHOCTM B OKa3aHUW BbICOKOCHE-
LMaM3nMpPOBaHHON KapaNOXUPYPrmieckom rno-
MOLLM MpPU coYeTaHHOW GOeBON XUpypruyec-
KO TpaBMe.

diastinum and the root of the lung in 20%,
bleeding from areas of combined injury in 28%,
and cardiac injury in 22% (1).

According to Bisenkov L.N. (2000), as well
as other authors, most penetrating gunshot
wounds of the chest are accompanied by acute
massive blood loss and shock (Voinovsky E.A.,
2011; Zhestkov K.G., 2013). With a combined
gunshot wound, the patient's condition is fur-
ther aggravated. So, according to Bryusov P.G.
(2010), with thoracoabdominal wounds, mor-
tality in Afghanistanreached 42%, in Chechnya -
33%. For the prognosis of chest injury and the
organization of treatment, the nature of the
wound, the type of wounding projectile, the di-
rection of the wound channel, and combined
damage to another area are important (2).

Improving the quality of medical care at the
stages of evacuation of the wounded and re-
ducing the time of delivery to central hospitals
(third level), the introduction of new technolo-
gies, including vascular endoprosthetics, con-
tribute to a radical solution to the problem of
combat injuries to the vascular system in the
wounded.

For the first time in the world, the installation
of a vascular endoprosthesis (stent graft) was
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performed in 1985 by the Soviet surgeon Nikolai
Leontievich Volodos and since then has be-
come firmly established in everyday medical
practice (3, 4).

However, it was generally accepted that the
priority of this technology belonged to Argentine
scientists from the Institute of Cardiovascular
Surgery of Buenos Aires Juan C. Parodi and his
colleagues Julio C. Palmaz and Héctor D. Barone
[5].In 1994, at the VIl International Congress on
Endovascular Interventions (February 13-17,
1994; Phoenix, Arizona), the priority of
N.L. Volodos was confirmed (4, 6, 7). Frank
J. Criado (2012), head of the department of
vascular surgery at the Memorial Hospital in
Baltimore (Maryland, USA), wrote that “armed
with the above knowledge, it would be difficult
not to proclaim Nikolai Volodos a giant of his-
torical proportions in vascular and endovascu-
lar surgery and the father of endovascular
plastics” (4).

Over the past decades, endovascular sur-
gery has taken a strong place in the treatment
of vascular diseases and injuries (8). Aortic
endoprosthetics is the main method of surgery
for damage to the descending thoracic aorta
(9), and the treatment of damage to the aortic
arch remains open surgery (10).

With the development of endovascular tech-
niques, the indications for endovascular repair
of the thoracic aorta (Thoracic EndoVascular
Aortic Repair [TEVAR]) are constantly expand-
ing. Currently, endovascular treatment of the
aortic arch is performed in elderly patients and
patients with severe comorbidities, who have
a high risk of mortality and neurological compli-
cations during open aortic arch replacement
(11, 12). So, according to Imaev T.E. and co-
authors (2021), the main reasons for refusing
traditional prosthetics were chronic kidney dis-
ease (22.5%), chronic obstructive pulmonary
disease (11%), acute cerebrovascular accident
within the last 6 months (15%). And even with
the correct selection of patients for endovascu-
lar replacement of the aortic arch, complica-
tions may develop. Thus, out of 45 patients who
underwent reconstruction of aortic branches,
the following complications associated with the
intervention developed: 3 (11%) cases of acute
cerebrovascular accident, 2 (7.4%) occlusion
of aortic branches and 1 (3.7%) endoleak I
type. In-hospital and 30-day mortality rates
were 3.7 and 7.4%, respectively.

When reconstructing the descending tho-
racic aorta, endoprosthesis replacement be-
comes the method of choice for many planned

and most emergency cases (9). For pathology
of the aortic arch, the “gold standard” remains
traditional prosthetics using artificial circula-
tion, which is often associated with significant
mortality and the incidence of strokes, which is
often the reason for refusal of surgical treat-
ment (13-15).

Recently, there has been increasing interest
in endovascular and hybrid methods of correc-
tion of aneurysms of the aortic arch and its
branches (16), traumatic injuries of the aorta,
including polytrauma (17, 18).

Hybrid restoration of the aortic arch includes
endoprosthetics with debranching' of the
branches of the aortic arch. For the first time,
the technique of aortic arch debranching (bra-
chiocephalic debranching) was developed by
Dutch scientists J. Buth et al.,, in 1997
(Department of Vascular Surgery, Katharina
Hospital, Eindhoven, the Netherlands).
Debranching of the abdominal aorta (visceral
debranching) for thoracoabdominal aortic aneu-
rysm was first performed by Quinones-Baldrich
and his colleagues from the Department of
Vascular Surgery at the University of California
(Los Angeles, USA) in 1999. To perform endo-
prosthetics of various parts of the thoracic aorta,
the American scientist Mitchell et al. An ana-
tomical classification based on the zones of fixa-
tion of the endoprosthesis was developed (19).

The need for debranching of the brachioce-
phalic branches arises if the stent is located in
the arch, blocking the mouths of its main
branches. In this case, the first step before
stenting is an operation to create a “landing
zone” by switching the branches of the aortic
arch. In total endovascular replacement of the
aortic arch, various methods of supra-aortic
endodebranching are used, these are the im-
plantation of branched endoprostheses, fenes-
trated grafts and various methods of parallel
endoprosthesis (“chimney”, “periscope”, and
“sandwich”) (20, 21).

We, for the first time in hospitals of the
Ministry of Defense of the Russian Federation,
performed total endoprosthetics of the aortic
arch in a wounded person with the formation of
a post-traumatic aneurysm of the aortic arch
and its branches, using 3D printing technology
(to perform fenestration in a thoracic stent
graft).

" Debranching (switching) — prosthetics or shunting of the
branches of the aortic arch in order to switch them and
free up the required area of the aorta for further stenting.
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To accurately determine and measure the
patient's anatomical parameters from MSCT
angiography images, a vascular imaging work-
station was used. The operation was performed
in a hybrid operating room. The operating team
included: cardiac surgeons, vascular surgeons,
X-ray endovascular surgeons, anesthesiolo-
gists and resuscitators, and a team of perfu-
sionists on standby.

Clinical observation

The wounded soldier was taken from the front
line to a separate medical battalion, where he was
given first aid, a tracheostomy was performed, in-
tensive multicomponent conservative therapy, and
antibacterial therapy were carried out. Diagnosed
with: mine explosion wound, shrapnel blind wound
of the neck penetrating the chest, with damage
to the aortic arch, hemopericardium without the
threat of cardiac tamponade, foreign body (frag-
ment) of the aortic arch, shrapnel wound of the up-
per eyelid of the right eye, acutrauma on the left,
condition after tracheostomy. He was transported by
air ambulance to the hospital in a state of artificial
coma due to severe combined injuries.

The severity is determined by the nature of the
injury, neurological deficit, and respiratory failure.
Laboratory and instrumental studies were per-
formed. Multislice computed tomography with angi-
ography (MSCT angiography) revealed a post-trau-
matic pseudoaneurysm of the posterior wall of the
aortic arch 9 x 8 x 6 mm, a neck 5 x 5 mm with an
adjacent foreign body of metal density 9 x 8 mm and
a pseudoaneurysm of the ostium of the left common
carotid artery (ICCA) 25 x 22 x 29 mm. On echocar-
diography without any features. Esophagogastro-
duodenoscopy reveals ulcerative defects in the mu-
cous membrane of the upper third of the esophagus.
An ultrasound examination of the abdominal cavity,
kidneys and pelvis was performed, without patholo-
gies. Objective examination data in the neck area
above the jugular notch in the area of the tracheos-
tomy tube: entrance blind fragmentation wound
measuring 2.0 x 0.5 cm. Upon admission, the pa-
tient’s condition was severe: 19 points (risk of death
is 32.2%) on the APACHE Il scale? (22).

2 APACHE Il - Acute Physiology and Chronic Health
Evaluation (system for classifying acute functional and
chronic changes in health status).

On the third day, the wounded man was brought
out of an induced coma, then the trachea was extu-
bated. Considering the severity of the patient’s con-
dition, a council of hospital specialists consisting of
a cardiac surgeon, a vascular surgeon, an X-ray en-
dovascular surgeon, a cardiologist, and an anesthe-
siologist-resuscitator recommended minimally inva-
sive endovascular treatment of the wounded person
with implantation of a fenestrated endograft into
the aortic arch with total endovascular debranching
of the branches of the aortic arch with stent grafts.
At the stage of preparation for the operation, thin-
section MSCT angiography was performed with
a step length of 0.6 mm, 3D modeling of the aortic
segment (Fig. 1a) and 3D printing of the thoracic
aorta with trifurcation of the main arteries of the
head in full size (Fig. 1b).

Operation technique

The operation was performed under general an-
esthesia in a hybrid operating room. Cardiovascular
surgeons performed open approaches: to the LCA
and the common femoral artery on the right; endo-
vascular surgeons performed percutaneous access
to the brachial artery on the right and the common
femoral artery on the left. Unfractionated heparin was
administered intraarterially at a dose of 100 ug/kg.

According to the original method, the following
was sequentially performed: aortography (Fig. 2),
fenestration of the thoracic stent graft, according to
the dimensions measured on MSCT angiography
and a previously prepared 3D model of the aorta.
The endograft is partially removed from the delivery
system. The fenestrations were burned with an elec-
trocoagulator and stitched with non-absorbable
atraumatic sutures with sewn-in radiopaque tips
from a 0.014-inch coronary guidewire to strengthen
and visualize the fenestrated openings (Fig. 3 a, b).

Next, step-by-step stenting of stent grafts: aortic
arch, BCT, ICCA and ISA, followed by post-dilatation
with balloon catheters corresponding to the diame-
ters of the arteries. On the control aortography, an
optimal angiographic result was obtained, the lumen
of the aorta and its branches was restored, false an-
eurysms on the control angiography were “switched
off” from the bloodstream (Fig. 4). The instruments
are removed, arterial access and wounds are su-
tured surgically and by applying aseptic pressure
bandages. The postoperative period proceeded
without any complications. A month later, the patient
underwent a control MSCT (Fig. 5).
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Fig. 1. a - 3D modeling of the aortic arch (MSCT); b — Life-size 3D model
of the aortic arch.

Fig. 3. Fenestration of a thoracic endoprosthesis. a — stage of fenestration of the
endoprosthesis with a coagulator; b — suturing fenestrated endograft holes.

Fig. 4. Control aortography. Fig. 5. MSCT of the aortic arch with an
implanted endoprosthesis of the aortic
arch and stent grafts of its branches.
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Discussion

Acute injuries to the aorta lead to death in
80-90% of cases. In peacetime, the cause of
aortic damage is a road traffic accident (23), in
wartime — penetrating gunshot or stab wounds.
In our observation, false aneurysms were
formed due to the formation of a “temporary
pulsating cavity” from a fragmentation projec-
tile, during which the aorta and its branches
were located near the flight path of the frag-
ment, shifted and overstretched, which led to
ruptures of their internal membrane and elastic
fibers. An important role in this was played by
the “hydrodynamic impact of the wounding
projectile”, as a result of which a zone of “mo-
lecular shaking” was formed (in the figurative
expression of N.I. Pirogov).

We chose the endovascular method for the
surgical treatment of a traumatic aortic arch
aneurysm in a wounded person. If the immedi-
ate results are comparable, the proposed
method is a modern, accessible and effective
tool in the treatment of complex patients, not
only with aneurysms and aortic dissections, but
also with traumatic injury to the aorta, espe-
cially in cases of high surgical risk and the seri-
ous condition of the victim with the develop-
ment of life-threatening complications. With
complete endovascular treatment of the aortic
arch and endovascular debranching of its
branches, perfusion of all branches of the aor-
tic arch that supply blood to the brain and upper
extremities is maintained, and the risks of cer-
ebral blood supply disorders, the development
of paraplegia, and ischemia of the upper ex-
tremities are reduced. Compared to open inter-
ventions, the need to clamp the carotid arteries
is eliminated, thereby eliminating the risks of
embolic damage to the brain and the develop-
ment of irreversible neurological complications
against this background. In our opinion, this
method is a safer alternative to open surgery,
although there is no data in the world literature
comparing open and endovascular treatment
of the aortic arch in comparable patients; There

are data on endovascular treatment of the aor-
tic arch in severe patients; they show encourag-
ing results (24).

Before surgery, a vascular imaging and mod-
eling workstation was used to accurately meas-
ure the aortic arch, and 3D printing of the aortic
arch was performed to simplify the fenestration
process and accurately position the manufac-
tured endoprosthesis. Printing on a 3D printer
was carried out in the research laboratory of
artificial organs of the research department
(medical and biological research) of the Military
Medical Academy named after S.M. Kirov
Ministry of Defense of Russia (St. Petersburg).
It should be noted that 3D printing in cardiac
surgery has made it possible to perform preop-
erative planning, testing of an implantable chest
stent graft, hemodynamic modeling, etc.
Analysis of the literature demonstrates an expo-
nential increase in the number of publications
devoted to 3D printing since 2010 (25).

Conclusions

In conclusion, it should be emphasized that
endoprosthesis replacement of the aortic arch
using supra-aortic endodebranching is an ef-
fective and alternative method of treating pa-
tients with pathology of the thoracic aorta, who
for one reason or another cannot be candidates
for traditional replacement using artificial circu-
lation. Thanks to this approach, we avoided the
need for open aortic surgery, which reduced
risks and contributed to a faster recovery for
the patient. The next day, the patient was able
to move independently, which indicates the
minimal invasiveness and effectiveness of the
procedure, without any neurological complica-
tions. The patient returned to normal life with-
out significant limitations, demonstrating the
success of the endovascular approach.

The use of endovascular methods using 3D
printing for the treatment of the cardiovascular
system opens up new opportunities in the pro-
vision of highly specialized cardiac surgical
care for combined combat surgical trauma.
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AucTtanbHbIM Ny4eBOU gocTyn.
JlokanbHble reMopparMyeckue ocsioXXHeHHus,
UX NnpodpUunakTuka U neyeHue

A.Jl. KaneanH

drb0y BO “CeBepo-3anaaHbivi rocyaapCcTBeHHbIV MeANLIMHCKUIA YHUBEPCUTET
umenn V.. MedHukoBa” MuH3apasa Poccuun, CaHkT-lleTepbypr, Poccus

BriepBbie 06 vcrosb30BaHnm ANCTabHOMo Jy4eBOro 4OCTyrna Kak NepBUYHOro AOCTyrna AJis AnarHOCTUYECKUX
n n1e4ebHbIX rnpoueayp ctano n3sectHo B 2014 r. VimetoLumecss Ha CEroaHSILLHWI IEHb NCC/IeA0BaHNs CBUAE-
TE/IbCTBYIOT O KJIMHNYECKOV M0J1b3€ AaHHOro AOCTYNa AJIs XMpypra v nauneHTa, CHUXEHUN KOJIN4ecTBa MeCT-
HbIX FeMOoppParn4eCckux OCJ0XHEHW rpu kKaTteTepusaumy ANCcTasabHoM 1y4yeBor apTepun. OaHako, kak rnokasa-
J1a npakTvuka, pUcK BO3HUKHOBEHWST OC/IOXKHEHUV MOJIHOCTbIO HE UCK/IIOYalTCs. B HacToswwer ctatbe npose-
JEH aHain3 JioKasibHbIX FreMOoppParn4€Cckux OCA0XKHEHUN NPy KateTepusaumm AUCTaabHOM JIy4eBOM apTepuu,
onurcaHbl MPOGUNaKTKa 1 JIEYEHNE ITUX OCJIOXKHEHUI.

KnoyeBble cnoBa: auctanibHas Jy4eBasi apTepust; ANCTaslbHbIN J1y4eBOM AOCTYI; JIOKalbHbIE reMmopparnye-
CKVe OCJIOXKHeHWs

Ana untnpoBaHua: A.Jl. KaneguH. InctanbHbin ny4eBon ocTyn. JIokanbHble reMopparniyeckue OCNoXHe-
HUA, X npodunakTnka n nedeHue. MexayHapoaHbIV XypHasl UHTEePBEHLUMOHHOW KapauOoaHruosoruu.
2024; 79 (4): 23-45. https://doi.org/10.24835/1727-818X-79-23

KoHbAnKT nHTepecoB: aBTopbl 3asBNSIOT 00 OTCYTCTBUM KOHDIINKTA UHTEPECOB.
UcTouHukn puHaHcupoBaHua: paboTa BbinosiHeHa 6e3 COHCOPCKON NOAAEPXKKM.

Distal radial access. Local hemorrhagic
complications, their prevention and treatment

A.L. Kaledin

I.I. Mechnikov NorthWestern State Medical University, SaintPetersburg, Russia

The use of distal radial access as a primary access for diagnostic and therapeutic procedures was first
discussed in 2014. The studies available today indicate the clinical benefits of this access for the surgeon and
the patient, a decrease in the number of local hemorrhagic complications during catheterization of the distal
radial artery. However, as practice has shown, the risk of complications is not completely excluded. This
article analyzes local hemorrhagic complications during catheterization of the distal radial artery, prevention
and treatment of these complications.
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CokpaweHus
OJ14A — pucTtanbHas nydyesas aptepusd
OJ14][] — oncTanbHbIA y4eBOW OOCTYN
JI4A — nyyeBas apTepusa
MnyA — NnpokcumarsnbHas ay4yeBas aptepud

BeepneHue

JlydeBas apTepus KNCTU UIN, KaK ee NPUHS-
TO Ha3blBaTb, AuUCTasibHas ny4eBasa aptepusd
(OJ14A), aBnaeTca eCTeCTBEHHbIM MPOJOJIKe-
HMem nydeBon aptepunm (J14A) npegnneybs.
Moatomy onga OJ14A CBOMCTBEHHbI TE€ Xe NMpeun-
MYLLIECTBA U HEOOCTaTku, 4To 1 anga JI4A npea-
njaeybs, 3a UCKIIOHYEHMEM HEKOTOpPbIX aHaTo-
MUYECKNX OCOOEHHOCTEN, KOoTopble nenatoT
OJT4A opuruHaneHon. 9T 0COBEHHOCTU Cro-
COOHbI CHMXaTb PUCKM BO3HMKHOBEHUSI BO3-
MOXHbIX OCJTIOXXHEHUW, CBA3aHHbIX C KaTeTepu-
3aumen JI4A kuctn (1-4). OgHako, Kak nokasa-
na npaktuka, 9TW PUCKU MNOJIHOCTBLIO He
ncknoyatoTcd. Katetepudauns JIHA Knctm npo-
n3BoguTcs guctanbHee JIHA npegnneydss, npu
3TOM HE UCKJIIOYaEeTCHa PUCK noepexaeHus JT4A
KaKk B MECTe MyHKUMM (Ha KMUCTK), Tak U Ha
npeanneybe. Takne NoBpexneHust MoryT ObiTb
cnenctemMeM cnasma JI4A, aHaToOMU4ecKux
ocobeHHocTel JI4A (MN3BUTOCTb, KallbLUHO3,
Masnbli gunameTp 1 Ap.) U/uam MaHunynauun
MHCTPpYMeHTamMun B JIHA npu 3HO0BACKYNAPHbIX
npouenypax.

Ha cerogHswHmni geHb HeT knaccudukaumm
MECTHbIX OCJIOKHEHUI MNpU KaTeTepusauum
OJT4A. OcHOBbIBasiICb MNOYTM Ha OECATUNETHEM
MEXOYHapO4HOM OMbITE MUCMOJSIb30BAHUSA OWNC-
TanbHOro nyyesoro goctyna (AJ14[), npeaona-
raetcsa cnepywlouwas knaccumdoukaymsa OOCTyr-
00OYCNOBJIEHHbIX OCNOXHEHU (puc. 1).

Kaxpoe 13 atnux OoCloXHEHU nMMeeT CBOIO
4aCTOTY BO3HMKHOBEHUSI N TakKTUKY NEYEHUS,

CBOIM MNPOrHo3, CBOM MeToAbl NMPOdUIaKkTUKn
(5, 6). OToenbHO, B KOHTEKCTE OCJIOXHEHUN,
HeobxoAMMO ckazaTb O TakOM SIBJIEHUW, Kak
cnasm JI4A, BO3HUKAKOLWWA NpU ee KaTeTepu-
3aumm 1 NpmM MaHUMyNAUMSX B NPOCBETE apTe-
pun. Takaa peakums JTHA MOXET BCTpevaTbCs
0o 34% (5). JaHHoe aBneHne He CTOUT OTHO-
CUTb K pa3psay OCJ/IOXHEHUIN, NOCKOJIbKY SABJISI-
eTcs GU3NO0NOrM4ECKNM OTBETOM apTepumn Ha
BHELWHWI pasgpaxmnTens (7). Ho Tem He meHee
crnasmMm MOXeT OblTb TPUITEPOM BO3HUKHOBE-
HUSI OCNOXHEHUI apTepumn goctyna. B paHHon
cTtatbe OyayT pPacCMOTPEHbI JloKallbHble Tre-
Mopparnyeckme OCAOXHEHUS, KOTOPbIE BO3-
HUKAIOT NpW KaTeTepm3aunmn apTepun ocTyna,
BO BpeMsi MNPOBEAEHUN 3HOOBACKYISPHOrO
BMELLATEeNbCTBA U reMocTase.

lfemopparnyeckoe 0CnoXxHeHmne npm niodbom
BMOE XMPYPrnyeckoro BMeLlaTesibCTBa — 3TO
cepbes3Has npobnema. He aBnseTcsa nckoyve-
HUEM U1  3HOOBACKYNAPHaa  XUpyprus.
YMEHbLUNTb HaCTOTY FEMOpPpParn4ecknx OCrox-
HEHUIM NPV 3HO0BACKYSPHbIX Mpoueaypax no-
3BOJIMN1IA CMeHa TpaHchemMopanbHOro gocTyna
Ha nydesown goctyn (8—10). OgHako kateTepu-
3aums JIYA npeanneybs NOMHOCTbIO He 06e30-
nacuna 60/ IbHOro OT BO3HUKHOBEHUSI FremMop-
parunyeckmx ocnoxdeHun (5, 11, 12). Kak no-
Ka3blBaeT aHann3 UccnenoBaHun, MeECTHbIE
reMopparmyeckme rnoBpexaeHnsa — HedacToe
OCJIOXXHEHME, KOTOPOE MOXET BO3HMKATb, Kak
npu guctanbHOM gocTtyne (0o 9%), Tak n npwu
npokcumasnbHoMm (8o 27%). MNMpn aToM HeT ab-
COJIIOTHOrO MOATBEPXAEHUSA, YTO OANCTasbHbIN
LOCTYN pexe BbI3bIBAET 3TN OCIOXKHEHUS, YHEM
npokcmumanbHbin (13-19).

1. TlemaTtoma. JlokasibHble reMaToMbl Me-
10T Pa3HYHO CTEMEHb BbIPAXEHHOCTU N KNAacCu-
durumpytotca no wkane EASY (17) (pwuc. 2).

OcnoxHeHns ny4eBoro gocTyna
remopparuyeckme CMELLaHHble nwemmnyeckme HEBPONOrnyeckne * CTEHO3
® OKKNI031s JIHA
e remaroma KOMMapTMEHT- HapyLueHne ® 60s1b ocTpas
e lVicCeKums CUHAPOM TPODUKN KOXM, ® napecrtesus XPpOHU4eckas
e nepdopaumns BHYTPUTKAHEBASA ® HapyLUeHne
 My/bCUpYytoLLas nwemus 4yBCTBUTENBHOCTYU
rematoma
® apTEPUOBEHO3HAsA
ductyna .
® KENOWaHbLIN pybdeL,
o HDEKLMSA MeCcTa NyHKLMMN
Puc. 1. OcnoxHeHus Npu NyHKUUW y4€BOV apTepum.
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Puc. 2. lemaToma KUCTV NOC/E AUCTaNIbHOMO Jly4eBOro AOCTyna. a — 1-e cyTku nocsie npouenypsl; 6 — Ha 15-e cyTku

nocre npoueaypsl.

3Ha4YMMOom cymMTaeTcs remaTtomMa naoLwaapio
15 cm? n 6onee (20). HesaBncKMMO OT TOro, YTO
SIBUIOCb MPUYMHOWN BO3HMKHOBEHWUS remMaTto-
Mbl, B IOBOM cnyyae gJjis aToro TpebyeTtca ne-
dekT cTeHkn aptepun. Kpome Toro, cnegyet
NMOHMMATb, YTO UCTOYHMKOM FeMaTOMbl MOXET
ObITb Kak MecTo NyHKUUKU (JTHA KUCTK), Tak U
JIY4A npegnnedybs nNpu e€e NOBpPEeXOEHUN
B XO4€e 9HO0BACKYNAPHOro BMellaTesnbCcTBa.
Hanbonee BblpaXeHHbIM MPOSBIEHNEM re-
MaTOMbl SIBASIETCA KOMMapPTMEHT-CUHOPOM.
femaTtoma NpMBOAUT K COABMEHUIO OKpPYXXalo-
LWMX TKAHEN U BO3HUKHOBEHMIO BTOPUYHO pas-
BMBawoLenca mwemmn Tkanm (21). OgHako,
B OT/IMYME OT MPOKCUMANbHOrO y4eBOro Oo-
cTyna, nNpu AUCTanbHOM OOCTyne 3TO peako
(meHee 0,01%) BcTpevatloweecs OCOXHEHNE
(22, 23). BepoaATHO, 4TO MeHbLuas 4YacTtoTa
BCTPEYaeMOCTN KOMMNapTMEHT-CUHOPOMA Npwn
OJ14[] n HenoBpexAeHHOM MPOKCUMabHOMN
nydyeBon aptepun (MJI4A), cBa3aHa ¢ 0COOEH-
HOCTbO aHAaTOMUNYECKNX CTPYKTYP KUCTU (KOCTK
N cyxoxunus), Hanbdonee BaXKHbIM U3 KOTOPbIX
asnsaetca Retinaculum flexorum (puc. 3).

a)

R. palmaris superficialis
a. radialis

N. medianus @

R. palmaris n. ulnaris
Os pisiforme
Retinaculum flexorum

M. abductor
pollicis brevis

M. flexor Arcus palmaris superficialis
pollicis brevis Aa. digitales palmares

communes (a. ulnaris)
N. digitalis palmaris communis
R. communicans

n. mediani cum
n. ulnari

digitorum manus

L Nn. digitales
- - palmares proprii

Nn. digitales palmares (n. ulnarissj

communes

(o1 n. medianus)

n. ulnaris

M. flexor digitorum
superficialis; Tendo

M. flexor digitoru
profunds; Tendo

V. basilica

OnbIT HaWen KNVHUKX NOKa3bIBAET, YTO OC-
HOBHbIM B NMpOodunaKkTuke BO3HUKHOBEHUS re-
MaTOM SBASIOTCH ONTUManbHasa NMyHKUMs JI4A,
3D DEKTUBHBIN remMocTas, KOHTPOJIb 1 Habno-
JEeHVe 3a PYyKOoM C MCNOJSIb30BaHMEM YNbTpa-
3Byka WM BU3yasIbHOrO aHrmorpadunyeckoro
KOHTPOJIS KaKk BO BPeEMS npoueaypbl, Tak 1 no
€€ 3aBepLUEHUIO.

MpuHUMN neYeHns remaToMbl B HALLEW KIn-
HMKE OCHOBAH Ha XapakTepe W CTEerneHu no-
BpexaeHus. Hebonblwuve no pasmepy (Mo Lka-
ne EASY I-IlI) HeocnoxHeHHble remMaToMbl 6e3
noBpexaeHus cteHkn JIYA noanexart KoHcep-
BaTUBHOMY JledeHU0. BaXHbIM B 3TUX Criydasx
SBNIFETCHA KOHTPOJ1b JIOKaSIbHOr0 NOBPEXAEHUS
M BbISICHEHME MPUYUHBI PAa3BUTUA reMaTOMBI.
Mpu yBennyeHmnm pasmepa rematombl Npmme-
HEHME YNbTPA3BYKOBOIro UCCegoBaHUa Me-
CcTa MOBPEXAEHUSA MOMOraeT B Bepudukaumm
xapaktepa u cteneHu nospexaeHus. Kpome
TOro, WUCMNOJNIb30BaHME YJbTPA3BYKOBOro an-
rnaparta nNo3BONFeT NPOBECTU MOBTOPHLIN re-
MOCTa3 MecTa MyHKuMn n obnactm pacrnpo-
CTpaHeHus remaTtombl. B cny4dae yxyalueHus

Retinaculum

n. medianus
flexorum

Palmaris longus tendon Thenar

M. flexor carpi
radialis; Tendo

M. flexor pollicis
longus; Tendo

i ~"_ M. abductor pollicis
longus; Tendo

M. extensor
carpi ulnaris;
Vagina fibrosa Tendo

M. extensor pollicis
brevis; Tendo

V. cephalica
a. radialis

Puc. 3. AHaToMMYeckme CTPYKTYPbl KUCTU.

JuctanbHbivi 1y4eBovi 4OCTy. JIokaibHbIe reMopparn4eckme OC10XKHEHUS,
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Puc. 4. KoHcepBaTUBHOE fiedeHmne rematombl KUCTU (Streptocide powder) nocne aucTanbHOro y4eBoro aoctyna (a);
pybLeBaHMe paHeBO NOBEPXHOCTN KUCTU (6). CoBCTBEHHbIE HAOIOAEHNS.

cuTyaumm, a 9TO BO3HMKAET MPM MOBPEXAEHNN
CTEHKM apTepun, MoxeT notpeboBaTbCa XuU-
pypruyeckoe BMeLLATeNbCTBO NMOO 3SHAOBA-
CKYNSAPHLIM METOAO0M, MO0 OTKPLITbIM XUPYP-
rmyecknm cnocobom. KoHcepBaTMBHOE nedve-
HMe BKJoYaeT B cebs: Tyroe BMHTOBAHME 30HbI
remMaToMbl, aHaNbreTukn, HECTEPOULHbIE NPO-
TUBOBOCNANUTEsIbHbIE Mpenapartbl, BBEOEHWE
npotamuHa. MNpu MHGUUMPOBAHMM reMaTOMbI
MPUMEHSIOTCA aHTUOMOTUMKM U 0BpaboTka no-
BEPXHOCTU MOBPEXAEHUA AHTUCENTUYECKUMU
npenaparamm, acenTuyeckas rnoesska (puc. 4).

Xunpypruyeckoe nedeHme TpebyeTcsa rema-
TOMaMm, KOTOpPbIE COMPOBOXAATCHA NOBpEXae-
HUEM CTeHkM JIHA n/mnn KOMNapTMEHT-CUH-
apomom. Hanbonee adpdekTUBHLI MeToa, npu
Takon nartonorum — dacumoTomMms, Kotopasd
NMPMBOOUT K AEKOMMNPECCUM TKaHen, ynydile-
HUIO MUKPOLMPKYSLUN N CHUXKEHUNIO ULLEMUN
TKaHen (24). HeobxoaMmo nMeTb B BUAY, YTO
KoOMMOapTMEHT-cnHgpom npun OJ14[l 310 4awe
BCEro crieacTeme nospexaeHms JIYA npegnne-
ybs, a He JIHA KMUCTU, MOCKOJIbKY aHatoMunye-
CKne CTPYKTypbl B ob6nacty nyy4e3ansdcTHOro
cycTaBa MNpPENATCTBYIOT pPaCnpOCTPaAHEHUIO
KPOBW CO CTOPOHbI KNCTW B HANpaBieHUU npea-
nneybs. NMNoaTomMy HeobxoaMMo BepupULMPO-
BaTb MECTO MOBPEXOEHUS CTEHKU apTepumn
M BbINOJIHNTL FemMocTasd 93Toro MecrTa.
Xnpyprmyeckoe sie4eHne noBpexXaeHnsa CTEHKU
apTepun OyneT paccMOTpeHo panee. Takmm
obpa3om, rematombl npu OJ14[ MOXHO Knac-
cudunumpoBaTtb Ha Asa BMAa. ATO remMaToMbl,
BO3HMKAKOLWME B MECTE MYHKUMN N CBA3AHHbIE
C nedeKkToM reMmocrtasa, a Takxke remaTtombl,
BO3HUMKAKOLLME MPU NMOBPEXAEHUN CTEHKU ap-
TEPUN, HaxOOALWENCS NpPOKCUMalbHEE MecTa
NyHKUMM JI4A.

2. Jpyrmumu BUgamMm remopparm4eckmx oc-
JNIOXXHEHUIN ABNSAIOTCS AMccekuusa, nepdopa-
umMsa aptepum m ncespoaHeBpuama. MOXHO
npegnonaratb, YTO 9TU OCJIOKHEHUA UMEIOT

06N MEXaHN3M BO3HMKHOBEHUSA C pPasnuny-
HOW CTEneHblo NoBpexXaeHUsa cTeHku JI4HA.
MpPUYNHOM 3TUX OCNIOXHEHUI ABNSETCS Mexa-
HMYyeckoe rnoepexaeHve cteHku JTHA npun ma-
HUNYNALNN MHCTPYMEHTaMIM B MPOCBETE apTe-
pun. lNMoBpexaeHne cTeHkn JTHA MOXeT BO3HMU-
KaTb Ha npegnnedybe, nNpuv MNpoBeLEeHUN
MHCTPYMEHTOB 4epes npocBeT JIWA, a Takxke
B OMCTa/lbHOM OTAENie B Cllydae HEKOPPEKTHOM
YyCTAHOBKM WHTPOAbIOCEPA WM HECOOTBET-
CTBUS1 pa3MepPOB nHTpoabtocepa n JI4A (puc. 5).

CnepyeT OTMETUTD, 4TO NoBpexaeHuns JJ14A
rnocne yCTaHOBKU Tyaa MHTpoAdblocepa K OKOH-
YaHWIO 3HOOBACKYNSAPHOW npoueaypbl MOryT
OTCyTCTBOBaTb. HO, Kak nokasbiBaeT OnbIT Ha-
LWer KJIMHVKK, B pSOe cly4aeB NnoBpexaeHus
MOIYT COXPaHATLCS, U YEM OHU 3HA4YUTEsIbHEEe
(oedekT BCEX CTEHOK apTepuu, pa3pbiB apTe-
pumn), TEM BbILLE PUCK UX COXPaHEHUS (puc. B).

« Ouccekuusa JI4A, kak npasuio, UMeeT
6naronpuaTHbIA MCX0O4, U XOPOLUMIA OTBET Ha
KOHCEepBaTMBHOE NieyeHmne. [nccekunsa — pe-
3ynbTaT BO3AENCTBUS MHCTPYMEHTOB HA CTEH-
Ky apTepuu npuv NpOBEAEHUN WMHCTPYMEHTOB
yepes ee NPOCBET UM HECOOTBETCTBME WH-
CTPYMEHTOB aHaTOMUYECKMM XapaKTepucTu-
Kam aptepuun. lNocnegHee MOXET BO3HMKATb
NPV HEKOPPEKTHOMN YCTaHOBKE UHTPOAbIOCEPA
B guctanbHoM oTtaene JIHA. OTamumTenbHbiM
CBOMNCTBOM auccekumm JTHA oT gpyrnx nokasb-
HbIX FeMopparnyeCckux OCNOXHEHUN ABMSETCS
OTCYTCTBME CKBO3HOIO MOBPEXAEHNS CTEHKN.
Jdunccekunsa MoXeT 3aTparmBaTb BHYTPEHHUN 1
MeOMasbHBIA C/ION apTepum, HE noBpexaas
HapYXHYIO CTeHKYy apTtepuu. LaHHbii dakT
NMPEenaATCTBYET pPacnpOCTPaAHEHUIO KPOBU B
KJIeTyaTky, OKpyXatwLllylo cocyn. Aduccekuns
MOXET BapbMpOBaTb MO pasMepy U CTeNeHU
NMoBpexXaeHNs — OT JIoKasbHbIX HEOObLLION Be-
JVHUHBI 00 MPOTSXEHHbIX, JIMMUTUPYIOLLUX
KpPOBOTOK. [lnccekuusa npu guctasbHOM [O0-
CTyne uMeeT 6naronpusiTHbIM MNPOrHo3. 3JTO

Ne 79, 2024



INTERVENTIONAL ANGIOLOGY

Puc. 5. AHrnorpamma ny4eBor apTepumn npeansieyss. a — Anccekums (CTpenka) cpegHero otaena Jiy4eBon aptepun;
6 — aHrvorpamma Jly4eBoi apTepum KUCTu. NMpoTaKeHHas ANCCEKUUS Ny4eBO apTEPUN HA ThIIE KUCTU U B aHAaTOMU-
yeckoi Tabakepke (ykazaHo CTpenkamu) Nocie HeyoaqyHoW kaTeTepmaanmm ny4eBo apTepun Ha Teine Kuctu. CmeHa
[0CTyna Ha NIokTeByto apTeputo. CoOOCTBEHHbIE HAONIOAEHWS.

Puc. 6. a — aHrmorpamma fiy4eBoi apTepum KUCTU U ANCTaNbHOro OTAeNa npeansedbs C y4acTKOM NoBpexaeHus
Jly4eBOW apTepuun B aHaTOMMYecKon Tabakepke. 1 — nyyeBas apTepus Npeaneybs, 2 — NOBpPEXAEeHNe Ny4eBOn apTe-
pun B aHaToMMYeckoi Tabakepke, 3 — MHTPOObIOCEP B AMCTaNbHOM nydeBon aptepun; 6 — OCT-kapTuHa Ny4eBoin
apTepun B aHaTOMMUYecKor Tabakepke C y4acTKOM NMOBPEXAEHUS MHTUMbI M YHaCcTUYHO MeanasibHOro cros (cTpenka),
nocne nposeaeHns YKB. KateTepusuposaHa fiy4eBas apTepus Ha Tbifle KUCTU Yeped 4 OHA noclfie kateTepmaaumm
Jly4eBOW apTepun B aHaToMmnyeckor Tabakepke. Co6CTBEHHbIe HabNaeHUS.

CBA3aHO C TeM, 4YTO NoBpexXaeHne BHYyTPpEeHHe-
ro npoceeTa apTepum NpoucxoouT OT Auc-
TabHOro otaesia apTepunin K NpoOKCNMaibHOMY,
no ToKy kKpoBu. Takum o6pas3omM OBUXeHune
KPOBOTOKa nprmxmnMmaeT noBpexxgeHHble y4acT-
KM K CTeHKe apTepun. Kpome Toro, onntenbHoe
HaxoXAEeHMEe KaTeTepa WUan UHTpoApkocepa B
npoceBeTe apTepun CrocoOCTBYET MpuxaTuio
NOBPEXAEHHbIX Y4aCTKOB K CTEHKE apTepuwn.
OTO Tak HasblBaeMbili 3apPEKT BPEMEHHOIO
cteHTa (20). B cnydyae coxpaHsiiolenca amc-

CEKLIMM HaNOXEHME OaBsaLein NoBA3KN U OJin-
TenbHasi KOMMNPECCUs NMOMOryT CMNpaBUTbCA C
3TUM OCIOXHEHMEM. XyOLUMiA MPOrHO3 UMEIOT
ONCCEKUMU, Y KOTOPbIX BEPXYLLKA JIOCKYTa pac-
nonaraeTcs NPOTUB TOKAa KPOBU (pucC. 7).
Jdnccekunsa npoTrB TOKa KPOBU MOXET CMo-
cobcTBOBATb BO3HUMKHOBEHUIO Tpombo3a u/
WM OKKJTIO3UKW apTepumn, 4TO MOXET noTpebo-
BaTb MHBA3MBHOIO Jie4eHUs1 — BasIsIOHHON aH-
rMonaacTUKy 30HbI JUCCEKLUN C OOHOBPEMEH-
HOW HapyXHOW Komnpeccuen. B 3aknoyeHue

JuctanbHbivi 1y4eBovi 4OCTy. JIokaibHbIe reMopparn4eckme OC10XKHEHUS,
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MoTtok
KpPOBU

BepxyLwika
ANCCEKLUOHHOIo
nockyrta

———  JAuccekuus

BepxyLika

ANCCEKUMNOHHOro
JNlocKyTa

a. radialis a. radialis

a 6]

Puc. 7. CxemaTunyeckoe nsobpaxeHune nockyra (*) Auc-
CeKUMN CTEeHKM apTepuu: NpPOTMB KPOBOTOKA (@) v no
HanpaBJieH1IO KPoBOTOKA (0).

Hago OTMETUTb, YTO AUCCEKUUS, KOTopash He
MPOSABASETCA KIMHUYECKUMU CUMATOMAMU,
yalie BCero He BepuduUUPYETCHS U MOXET
OblTb OOHapyXeHa Kak cllydyanHasa Haxomoka.
MoaTtomy Hago nonaratb, YTO B AENCTBUTENb-
HOCTU amccekumim JIHA nocne sHOoBaCKyndap-
HOro BMellaTeNbCTBa ropas3go Oosblie, Yem
OMMCLIBAETCS B InTepaType.

« Ounccekuysa n nepdopaumsa cteHkn JI4A
4acTO CONPOBOXAAT APYr Apyra,  eCnv auc-
cekunss MoXeT OblTb MOHOMOPaXeHMeMm, TO
nepdopauns 6e3 gmccekumn He BO3HMKaEeT.
Mepdopauua ny4eBomn apTepun IBASIETCS pen-
Knm ocnoxdeHnem (<1%) (25, 26). CteneHb
nepdopaumm CTeHKN ObIBAET pasfiNyHOW — OT
aHrnorpapuyeckm He3aMeTHOW U BbIIBNSIEMON
Mpwv BHYTPUCOCYOUCTOM BU3yanusaumm (puc. 8)
BMJ0Tb 40 POPMUPOBAHMS NCEBOOAHEBPU3MBI.

ManocMnTOMHbIE NN aCUMNTOMHbIE Nep-
dopaunm NPOrHOCTUYECKU OMaCHbl, TakK Kak
B 4ebloTe CBOEro BO3HVMKHOBEHUS HE3AMETHbI
ons 6onbHoro n Bpada. OgHako Npu ycuneH-
HOM aHTUKOArynsums n aHtTuarperaHTHom Tepa-
MMmn, NP MEXAHNYECKOM BO3OENCTBUN HA 30HY
noBpexaeHusa nepdopauyms MoxXeT TpaHCchop-
MUpoBaTbCs B 60siee rpoO3HOE OCJIOXHEHNE —
rncesgoaHeBpun3mMy unm puctyny. Nepdopauns
MaToreHeTUYECKN CXoxXa C OUCCEKLUEN, HO B
oTNn4YmMe OoT Amccekumun, npu nepdopavun rno-

BpexaamTca BCE CTEHKMU aptepumn.
MNepdopauma MOXET BO3HMKATbL Kak B MecTe
nyHkuun OJ14A, Tak U B MPOKCUMaSIbHbIX OTAe-
nax JI4A. KnnHundecku nepdopauusa npossnd-
eTca 6onee Apko, 4em amccekums. CeA3aHo
3TO C pacnpocTpaHeHeM KPOBU 13 NPOCBeTa
cocyda B okpyxatouime TkaHu, Bbi3bliBas 6one-
Bbl€ OLLYLLIEHNSA Y NALUMEHTA, N HaIMYMEM rema-
TOMbl  KOXW W  MNOAKOXHOW  KJeT4yaTKW.
Mepdopaumsa JIHA HeyacToe OCNOXHEHUe, HO
Tpeobylouiee Honee arpeccMBHOro Metoaa ne-
yeHus. na neyenmsa nepdopaumm NnpUMeEHsItoT
KOHCEPBATUBHYIO N XUPYPIUYECKYID TaKTUKY.
KoHcepBaTuBHOE neveHre nogpasyMeBaeT Ha-
PYXXHYIO KOMMAPECCUIO MecTa nepdopauun nog,
KOHTPONEM YyfbTPa3Byka C nocneayowmm Ha-
JIOXEHMEM [OaBALLEN MOBA3KM UM 6e3 Hee.
Ecnm atn meTtoapbl nevyeHns He nomoratoT, UC-
MOSb3ylOT XMPYpPruyeckne crnocobbl: 3HAOO-
BaCKy/NsipHOE NpuMeHeHne 6anioHHOM aHrno-
naacTukKy Nog, KOHTPOJIEM aHrnmorpadum ¢ Ha-
PYXHOW KOMMpPEeccuenm TKaHEW B 30He
nepdopauun (27). B cnydae 6e3ycneLliHoro
MCMOSIb30BaHUSA 9HOO0BACKYSIPHOIO JIEHEHUS
cnegyeT BOCMOSIb30BATbCs MOMOLLBIO aHIMO-
xuvpypra ons ywmsaHusa nepgopauum J14A.

- [NceBpoaHeBpm3ma. OTO peaKkoe OCnoX-
HEHME KakK Mpu MPOKCUMASIbHOM, TakK U MNpwu
amcTtanbHOM gocTtyne (17, 28). Pasmep nces-
[JOaHEeBPU3Mbl MOXET BapbupoBaTb. [lceBno-
aHeBpU3Mbl 60/bLLMX 0OBEMOB ONPESENSIOTCS
BM3yasIbHO U NOATBEPXOAOTCH YIbTPA3BYKOM.
Manble pasmepbl aHEBPU3MbI OOHapPYXXMBAOT-
Cs1 cnyyarHo, Tak kak 60JbHble Yalle BCero He
MCMbITbIBAIOT ANCKOMOPTa OT TakuUX aHeB-
pu3M 1 He npeabaBnsT xanob (puc. 9).
BepudnumpoBatbs Takme aHeBpPU3Mbl MOXHO
aHrmorpadumnyeckn manm C KWCMNoAb30BaAHNEM
yNbTpas3BykKa.

lNceBooaHeEBPU3MbI, BO3HMKAOLWIME MPU UC-
nonb3oBaHum [J14A B Ka4ecTBe apTepun 4OCTy-
na, yatile Bcero ObiBaloT HEOONbLLNX Pa3MepoB,
Tak kak JI4A B 9TOW 30HE pacnosiaraercs Ha
“KOCTHOIN OCHOBE”, a MNOAKOXHas KneryaTtka
cnabo BblpaxeHa. OTO cnocobOCTBYET paHHEMY
BbISIBNIEHNIO NCEBL0AHEBPU3MbI U MPENATCTBY-
I0OT KJlaCCUYECKOMY “CO3peBaHuto” nceBno-
aHeBPU3MbI 00 6onbLUnx 06bemoB (puc. 10).

MceBooaHeBpmM3Ma MOXeT ObiTb pesynbra-
TOM HapyLleHUs TEXHUKM FremMocTasda B MecTe
nyHKuunM JI4A (29) n/mnm CKBO3HOIrO MOBPEX-
neHua cteHku JI4A. Tlpeppacnonaralowmmm
dakTopamMu ABAATCA 60MbLUNE A03bl aHTUKOA-
rynsgHTOB M aHTMarperaHTos. B 3aBucmmocTun
OT pa3Mepa aHeBPU3Mbl MOXHO MPUMEHSATb
KOHCEpPBATUBHbLIN WU XUPYPrUYECKN MEeToq,
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Puc. 8. a — OCT-kapTuHa ny4eBoOi apTepum OT AUCTaNbHOrO OTAena K NPOKCUMManbHOMY. YYacTOK MOBPEXAEHUSs
VHTUMbI Y YaCTUYHO MeamnanbHOro cnos (cTpenka); 6, B — NOBPEeXAeHNEe BCEX C/IOEB apTEPUM C y4acTkoM nepdopa-
LMW CTEHKM apTepun (CTPENKK); I — y4aCTOK MOBPEXAEHUS NHTUMblI U MeanasnbHOro Crosi (CTpeska) 4O HapyXHOW
MemOpaHbl. KaTeTepusnpoBaHa nydeBasi apTepust Ha Tblle KUCTU, NepBuYHaa npouenypa. Co6CTBeHHble Habnoae-
HUS.

Puc. 9. a — aHrmorpamma ny4eBor apTepum AUCTANbHOrO OTAENA Npeanieybs C y4aCTKOM MOBPEXAEHNS Ty4EBOWA
apTepun (ncespoaHeBpmM3Ma Manoro pasmepa ykasaHa cTpenkon). KartetepusupoBaHa noKTeBasi apTepus.
Cob6cTBeHHbIe HabnoaeHus; 6 — GOTOCHMMOK npeaniedbs ¢ BbibyxaHMeM nceBaoaHeBpr3aMbl 60JbLLOI0 pasmepa
NPOKCMManbHEE MEeCTa NyHKLUMK (CTpenka) nydeBor aptepun (19).

AuvcTtanbHbivi nyyeBov 40CTy. JIokaabHbIE reMopparn4eckmne 0C/I0XKHEHUS, 29
ux NpodunakTnka n 1e4eHne
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Puc. 10. a — aHrmorpamMmma ny4yeBoi apTepun KNCTU U ANCTANIbHOIO OTAENA Npearsieybs C y4acTKOM MOBPEXAeHUs
(nceeBpoaHeBpU3Ma) Ny4eBO apTePUN B aHATOMUYECKON Tabakepke; 6 — MoMbITKa HapY>KHOM KOMMPECCUN NCEBAO-
aHeBpU3MbI. [eMaToMa MArknx TKaHe KUCTU. JIMMUTUPOBaHHLIV KPOBOTOK B ry60Kol NaaoHHoM ayre. Co6CcTBEHHbIE
HabnogeHusa. 1 — nyyeBas apTepus nNpeanneybs, 2 — NceBaoaHeBpmn3amMa y4eBoii apTepmm aHaToMU4eckor Tabakep-
KU1, 3 — rnybokas nagoHHas ayra, 4 — remaTtomMa B MECTE MYHKLAN JTy4eBO apTEPUM aHAaTOMUYECKON Tabakepku nocne
HapY>XXHOWM KOMMpeccuu.

Puc. 11. AHrnorpamma 39HAOBACKYNAPHOrO MeTo4a NevYeHns NCeBO0aHEBPU3MbI C UCMNOJSIb30BAaHNEM MUKpPOKaTe-
Tepa, reMocTaTMyeckon ryOkM M HapyXHOW komnpeccum remoctatmyieckon manxeto TR Band. CobcTBeHHble
HabntogeHuns. 1 — MHTpoablocep, 2 — nceBgoaHeBpuama, 3 — MukpokateTep, 4 — TR Band, 5 — remocTatmyeckast

ryoka.

nevyeHuda. MexaHun4deckasa HapyXHas KOMMNpec-
CUs NCEBLO0AHEBPU3MBbI C UCMOJIb30BAHMNEM re-
MOCTaTM4YEeCKNX YCTPOMCTB UN TYroro GUHTO-
BaHWS UCMNOJIb3YyeTCs Npu HebosbLUMX pa3me-
pax aHeBpU3Mbl 1 Yalwe Bcero apdekTnaHa.
lMceBooaHeBpM3Mbl HONbLLIOrO pasmepa npu
Hea(PPEKTUBHOCTM KOHCEPBATUBHOIO NIe4EHUSs
noasiexar XMpyprmieckom koppekumm. Kak v B
cnyyae c nepdopaumen apTepum, B JIeHEHUN
aHEBPU3Mbl MOXHO MCNOJIb30BATb 9HO0BACKY-
NAPHbIA MeTon: OaNNOHHYIO aHIMOMIacTUKy W
HapPYyXXHYIO KOMMpPeccuio; aMboan3aLnto aHeB-
pY3Mbl MO4, KOHTPOJIEM aHrnorpadpun, gunarta-
uno GansioHOM U HaPYXHY KOMMPECCUIO;
BBeJEeHNe B MNOJIOCTb aHeBpU3Mbl TPOMOUHA
(30) (puc. 11).

AHIMOXUPYPrUYECKUN METOL, IeHEHNS aHEB-
pu3mbl 6onee nNpeanoyYTUTENEH, Tak Kak Mo-
3BONIAET MPOBECTU UCCEYEHUE aHEBPU3MBbI,
rnepeBs3ky apTepumn, nNnacTuky 1 nNpoTe3mnpo-
BaHWE apTepuu.

3. MocTKaTeTepu3saunoHHaa apTepuoBe-
Ho3Haa d¢ucTtyna. OCNOXHEHMEe, KOTOpPOeE,
K COXaJIeHMIO, MOXHO OOHapPYXNTb B NO3AHME
cpokn popmMmpoBaHnsa GUCTYNbI, Tak Kak Ha
Ha4yasbHOW CTaAuuM 3TO OCNIOXXKHEHME NPOTEKa-
€T aCMMNTOMHO WAN C HEe3HAYUTENbHbIMU
npossneHmnsaMmn. Ha no3gHux ctagmsx popmm-
poBaHUA GUCTYNbI BOJIbHbIE MOTYT NMPeabsB-
NATb Xanobbl Ha HabyxLwne 1 NynbcupytoLve
BeHbl KUCTU M nNpegnneybsi. BuayanbHoe 06-
cliefoBaHMe N ynbTpas3ByK — HayallbHbIM Ha-
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Puc. 12. a — apteproBeHO3Hasa GUCTyna Nocne Kkaretepmsauum ly4eBOn apTepum B aHaTOMUYECKON Tabakepke.
PacLurpeHHble BEHbI KUCTU. 6 — f@aHHble YNbTPasByka apTePUOBEHO3HOM GUCTYbI. 1 — MECTO NMYHKLMM Jly4eBOM apTe-
puM B aHaTOMUYECKOW Tabakepke, 2 — paclUMpPEHHbIE BeHbI, 3 — NlydeBas aptepus, 4 — apTeprMoBeHO3Hasa GucTyna.
Cob6CcTBEHHbIE HAOMIOAEHNS.

v. cephalica

/

v. basilica

Puc. 13. AHrnorpamma ny4eBon apTepum KUCTU 1 ANCTaNbHOrO oTAena npeanneybs. NocTnyHKUMOHHAA apTepuro-
BEeHO3Has pucTyna y4eBoi apTepum B aHatoMuyeckon Tabakepke (a). ChopmmpoBaHHas BEHO3Hasa ceTb bacceriHa
v. cephalica, v. basilica. OTCyTCTBYEeT aHTerpaaHbii KPOBOTOK JlyHEBOW apTeEPUU AUCTaslbHEE apTEPUOBEHO3HOM
ductynel (6), apTepmoBeHo3HOM GuUcTybl No gaHHbiM Y3U (B). CobcTBEHHbIE HabnoaeHns. 1 — nydyeBas apTepus
npeanneybs, 2 — apTtepuoBeHo3Has ducTyna, 3 — rnybokasa nagoHHasa ayra, 4 — KynbTa NOBEPXHOCTHOW NafoHHOWN
nyru, 5 — “lwerika” apTepnoBeHO3HON GUCTYNbI, 6 — NMOTOK apTepuanbHOM KPOBU B V. cephalica, 7 — nyyeBas aptepus,

8 — BeHa.

6op nccnegoBaHuii ans BepudmUKkaumn oaH-
HOro OCNOXHeHus (puc. 12).

B 6onee nosgHme cpoku 60osbHbIE C PUCTY-
JIO MOryT NpeabsaBnsaTb Xanobbl Ha “Liym
B pyke”. [laxe ecnn He 3HaTb, Korga npoBoau-
nacb kartetepudauus JI4A, npu Hann4YMmM Takom
anobbl MOXXHO C YBEPEHHOCTbLIO YTBEPXAATb,
YTO [OaBHOCTb UCTYNbLI OKoNo 3-4 Hen.
AHrmnorpadms Nno3BONSET ONPEAESINTb CTENEHDb
BbIPQXXEHHOCTM apTepuoBEHO3HOro cbpoca
KPOBM U OLEHUTb Hanuuymne “lenkn” aptepmo-
BEHO3HOM pUCTybI (puc. 13).

Kak n nceespgoaHeBpu3ama, apTepUoOBEHO3-
Haa ductyna JIHA KNCTU ABASETCS TSXENbIM,
HO HeYyacTbIM reMopparnyeCckmMm OCJIOXHEHU-
em (17, 31, 32). Ana BO3SHMKHOBEHUNSI GUCTYIbI
HEOOXoauMbl Kak MUHUMYM ABa YC/I0BUS: Of-

HOBPEMEHHOE MOBPEXOEHMNE CTEHOK apTepun
M BEHbl, PACMOJIOXEHHbIX PAAOM OPYr C APY-
roMm, U HeagekBaTHbIN reMOCTa3d MecTa MyHK-
umun aptepun. lNpun coxpaHsatowemca “cépoce”
KPOBU Yepes NMoBPEXOEHHYIO CTEHKY apTepun
MU MOCTYMJEHUN apTepuanbHOM KPOBU 4Hepes
MOBPEXOEHHYIO CTEHKY BeHbl popmMumpyeTtcs
ductyna. Ho B otnmume ot GuUCTynbl, popmMun-
pyemon ond remoguanmsa, y GucTynbl, BO3-
HUKLLEN KakK OCNTIOXHEHMe KaTeTepusauum JT4A,
€CTb OCOOEHHOCTb. Y OaHHOM GUCTYNbl HET
“NpaMoro” coeaMHeHUs apTepum N BEHbI.
BepoaTHO, nx coeamHseT nceBgoaHeBpr3ama n
CO BPEMEHEM TKaHU, OKpyXatlowme 3Ty Nces-
[0oaHeBpU3My, NpMobpeTaloT CBOWCTBa COCY-
omcTonm cteHkn. OgHako 9To NpeanosioxXeHne,

AnctanbHbivi 1y4eBovi 4OCTy. JIokaibHbIe reMopparn4eckme OC/10KHEHUS,

ux npogunakTrka v ae4yeHne

KOTOpoe TpebyeT NoATBEPXAEHUS.
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Puc. 14. a — aHrnorpamma ny4eBoi aptepumn. Guctyna pacnonaraetcsa nofg MHTpoablocepoM. KatetepmnampoBaHa
nyyeBasi apTepus Tbila KUCTU; © — YPECKOXHOE HaNIoXEeHVE Nnuratyp Ha “lueiky” apTepuMOBEHO3HOW (GUCTYIbI.
MHTpoabocep SBNSETCA OPUEHTMPOM A1 HANOXEHUS NIUraTypbl; B — KOHTPOJIbHAs aHrmorpamMma Jiy4eBson apTepum.
C6poc apTepuanbHO KPOBM B BEHO3HYIO CUCTEMY OTCyTCTBYeT. COOCTBEHHbIe HabnoaeHus. 1 — nydeBas aptepus
npeanneyss, 2 — BeHbl, 3 — UHTPOAbIOCEP B ANCTANIbHOWN JIy4EBOM apTepun, 4 — xupyprudeckas nrma, 5 — n(poBOgHUK
B VIHTpPOAbIOCEpe, 6 — NydyeBas apTepust aHaTOMUYECKOoN Tabakepkn, 7 — NPOBOAHWK U UHTPOObIOCEP.

JledyeHve apTeprnoBEHO3HON DUCTYIIbI TOSb-
KO XMpPYprmyeckoe B CBA3U C HEI(DPEKTUBHO-
CTbO KOHCEPBATMBHOIO JledeHunsi. OnncaHHbIe B
nuTtepaTtype ciiydan KOHCEPBATVMBHOIO Jieye-
HUS, BEPOSATHO, MPUMEHSSIUCb NP aCUMMNTOM-
HOM TeYeHMW 3TOro ocnoxHeHus (33) nmbo npu
paHHEM BbISIBIEHUM OAHHOM NaToONOrvu.
OHAO0BACKyNsApHOE neveHmne PUCTysbl He aBNS-
€TCS NPUNOPUTETHBIM XMPYPrNYEeCKUM METOO0M,
Tak Kak McnoJsib3oBaHme 6anIoOHHOM aHrnonna-
CTVIKW, HaAPY>XHOW KOMMNPECCUU Npu OJNTENBHO
cywiecTByowen Ppuctyne HedhPDPEKTUBHO.
CyLLEeCTBEHHYIO MOMOLLb MPY TIeYeHNN DUCTYIbI
MOXeT okazaTb aHrmorpadpus. OHa no3sonuT
BU3yanm3mpoBaTtb “lwenky” GUcTynbl U Npose-
CTM HapYXHOE, YpeCcKOoXXHoe MNpoLunBaHne du-
CcTynbl (puc. 14).

Mpn HeycnewHOM 3HO0BACKYNSIPHOM Neye-
HUN apTEPUOBEHO3HON DUCTYSbI MCMNOJb3YyeT-
Cs OTKPbITOE COCYOMCTOE ornepaTtuBHOE BMe-
LaTesibCTBO: YacTuyHasa pedekumsa JIHA, Hano-
XeHune nuratyp u nuccedeHue epuctynsl (33).

B 3akntouyeHne cnegyet OTMETUTb, YTO Nofa-
X0[, K IEYEHUIO FEMOPPArn4eCKmUX OCNOXKHEHMNIA
3aBUCUT OT TSXKECTU OCJIOKHEHUS U MOXET
BKJIIOYATb KOHCEPBATUBHYIO, XUPYPrUYECKYHO
NN KOMOUHNPOBAHHYIO TaKTUKY.

MpodunakTuka remopparmieckmx

OCJIOXKHEHUI NTy4€BOro A0cTyna

lMockonbky remopparmyeckme OCOXHEHUS
Mpv 3HA0BACKY/ISIPHOM BMELLATENILCTBE MOTYT
BO3HMKAaTb HE TOJIbKO B MECTe Katetepusaumu
JI4A knctun, Ho n B JIHA npeanneysa (Npm npo-
Be,eHNU MHCTPYMEHTOB B NPOCBETE apTepun),

cnepyeTt cobniogatb OnpeneneHHble Mepbl
NpPenoCcTOPOXHOCTU U MPOodMNakTUKN NoKasb-
HbIX OCJIOXKHEHWA.

1. HpopmMmpoBaTb 60J/IbHbIX O BO3MOXHbIX
NIOKasIbHbIX OCJIOXHEHUAX N OENCTBUAX O0Jb-
HbIX, MPY BO3HUKHOBEHNN U OOHApPY>XEHNU OC-
NOXHEHNI.

2. meTb pocTaTo4HbIN OMNbIT KaTeTepusa-
unm OJ14A (8).

3. Mpu Hannuum y naumeHta gedopmauumm
KNCTW BCNEeACTBME TpaBMbl Uan 3aboneBaHus,
6one3Hu MNapknHcoHa, BMbpaumMoHHON 6ones-
HWN, UBMEHEHNIA HA MOBEPXHOCTU KOXM (pybLbl,
OXOrM M T.A4.) PacCCMOTPETb BapUaHT CMEHbI
goctyna (puc. 15).

4. Mpwn cnabow nynbcaumn OJIHA n/mnu oT-
CYTCTBUWN BO3MOXHOCTWU MCMOJIb30BAHUSA YIlb-
TpasByka crenyeT 0TkasatbCd OT MNYHKUUM
OJ14A n ncnonb3osaTb OPYron apTepuasbHbIv
[ocTyn.

5. lMepen nyHkumen OJIHA ncnonb3oBaTb
YyNbTPa3ByK AJ19 BU3yanbHOM OLEHKM apTepum
Kak B MeCTe MyHKUMW, TaKk WU Ha npeanseybe
(onameTp, TOnorpaduyeckmne xapakTepucTu-
KW, KanbUMHO3, COCYOUCTblE aHOMaIMU KUCTU
1 npennneybs, okkno3na n 1.4.) (34-38).

6. MNMpoBoaANTb adekBaTHYID aHanbresnto u
npodunaktnky cnasma (38, 39). BeeneHune
MECTHbIX AHECTETUKOB >XenatenbHO MNpPOBO-
ONTb HE TONIbKO B MECTE MyHKLUMW, HO 1 NO XO4y
apTtepun ans 6,10KMPOBKM HOLUMUENTUBHBIX pe-
aKkuMi npu NpoBEAEHUN NHCTPYMEHTA B NpPO-
ceeTte JIYA.

7. Vlcnonb3oBaTb yAbTPa3ByK OS89 MYHKLUU
OJT4A (34, 38).
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Puc. 15. a - pedopmauusa kuctn (ynbHapHas aesuauns) y 601bHOM C peBMaTouaHbIM apTPUTOM; 6 — KenonaHbli
pybeu, nocne NyHKumMn ny4eBon aptepum npeannedss. CoO6CTBEHHbIe HAbNAEHWS.

8. OnTumanbHaga NyHKUMs apTepum (Mo BO3-
MOXHOCTW OLHOW CTEHKW apTepuun), ageksar-
Hasl aHTUKoarynaums.

9. lMpwn N3BECTHOW MU3BUTOM aHaTOMUK JTHA
MCMosib30BaTb MNPOBOAHUKU, MNPUMEHAEMble
B JIEYEHNM KOPOHAPHOM NaTofIorum, MMKpokKa-
TeTepbl, KaTeTeEPbl C HU3KUM Npoduiem, He-
obxoaumble gns ycnexa npouenypsbl (37), npo-
BEOEHME KaTeTepa Yepe3 N3BUTYIO HaCTb apTe-
pumM Cc ncrnonb3oBaHMEM pasayToro 6annoHa Ha
BbIXOOHOM OTAene katetepa (puc. 16).

10. UcknioyaTtb rpybble MaHUNyASUUU UH-
CTpymMeHTamMun B NpoceeTe aptepun. MNMpu Hanu-
YW CONPOTUBIIEHUSA NPU NPOBELEHUNN UHCTPY-
MEHTa — aHrnorpadusa ny4eBoin apTepun.

Puc. 16. a — N3BUTOCTb NIy4EBOW apTepun npeanneybs
(apTepusa manoro guametpa). KatetepnsmpoBaHa guc-
TanbHasa nyyeBas apTepusi; 6 — npoBedeHMe kateTepa
rno JIy4eBOW apTepum npennnedbs C MCNoNb30BaHNEM
6annoHa. CobcTBeHHblE HabnwopeHus. 1 — nydesas
apTepus, 2 — UHTpoAabtocep, 3 — MPOBOAHUK, 4 — BasIOH,
5 — kareTtep.

11. AgekBaTHbI reMOoCTas U yibTPa3ByKO-
BOW KOHTPOJ1b MecTa NyHKLUMW Mocre yaaneHus
MHTpOAblOCEPA N3 apTEPUN U 3aBEPLLEHUS re-
MocTasa (38).

O6cyxaeHue

CoBpeMeHHble gaHHble nuTepaTypbl AEeMOH-
CTPUPYIOT CYLLECTBEHHblE MPeuMyLLecTBa
Onug (17, 40, 41). JaHHbIn ooCcTyn 3apeko-
MeHaoBan cebsa kak 6e3onacHbih 1M cnocoo-
CTBYIOLLUMA YMEHbLLUEHUNIO YaCTOTbl OCJOXHE-
Hu. OgHaKO OH HE CMOT MOJIHOCTbIO rapaHTU-
pPOBaTb UCKJTIOHYEHME BO3HVUKHOBEHU TOKaSIbHbIX
ocnoxHenuin (17). CobnogeHne ctaHOapToB
npu kartetepmsauum JI4A, — 3anor kayectsa
n 6e30nacHOCTM MNpoueanypbl KateTepmaauum.
TwaTtenbHbln 0OTOOP OOJbHbIX, KOTOPbLIM MOXET
notpeboBaTbcsa Katetepmsaumsa OJIHA, — ewle
OOVH MNPEeaNKTOP CHMXEHUSI BO3MOXHbIX J10-
KanbHbIX OCNOXHeHun. Oba3aTenbHoe Habsio-
OeHne 3a MecTom JOCTyna BO BPeEMS npoueay-
pbl, B paHHEM MoceonepauioHHoOM nepuoae
n B Oonee nosgHMe CpPOKM MNocre onepaumn
CnocoOCTBYET CHUXEHUIO puUcka BO3HUKHOBE-
HUS MECTHbIX FEMOPParn4eckmx OCITOXXHEHUN.
Tem He MeHee npu Bcex cnoxdHocTax OJ14[,
MMeloLLMEecs NpemmMyLLLecTBa JaHHOro gocTyna
CBMOETENbCTBYIOT O HEOOXOAMMO UMETb 3TOT
LOCTYN B MPaKTUYECKOM apCceHane Kaxaoro nH-
TepBEHUWOHHOIo Xupypra.

3aksilouyeHne

Oyl MOXHO mMcnonb3oBaTb NpU pasnuy-
HbIX BMAAX 9HOO0BACKY/SPHbLIX BMELLATENLCTB,
Kak MjaHoBbIX, TaK U 9KCTPEHHbIX. MiMmetowmecs
Ha CEerogHsLWHNN OEeHb UCCNea0BaHNs NOKasbl-
BalOT KIMHMYeCKyto nonb3dy AJ14/[, ana naumeH-
Ta U CHUXKEHME KONMYEeCTBa OOMbLUNX N MasbIX
MECTHbIX reMopparnyeckmnx OCIIOXHEHUN MNpun
MCMNoNb30BaHMK JaHHOro gocTyna. Takme 06-
HagexXxumBawuwme pesynbraTbl CBULETENbCT-
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JaHHaa cTtaTbs He cTaBuAa LEesbio CPAaBHUTL
L4/l c apTepumanbHbiMU OCTYNamu Ha beppe,
nneye nnm npeannedbe n Tem 6onee nokasatb

Abbreviations
DRA - distal radial artery
DRAA - distal radial artery access
RA - radial artery
PRA - proximal radial artery

Introduction

The radial artery of the hand, commonly re-
ferred to as the distal radial artery (DRA), is a
natural continuation of the radial artery (RA) of
the forearm. Therefore, the DRA retains the
same advantages and disadvantages as the RA
of the forearm, except for certain anatomical
features that make the DRA unique. These fea-
tures may reduce the risks of potential compli-
cations associated with catheterization of the
RA of the hand (1-4). However, as practice has
shown, these risks cannot be completely ex-
cluded. Catheterization of the RA of the hand is
performed distally to the RA of the forearm, and
the risk of RA injury remains both at the punc-
ture site (on the hand) and in the forearm. Such
injuries may result from RA spasm, anatomical
variations (tortuosity, calcification, small diam-
eter, etc.), and/or instrument manipulation
within the RA during endovascular procedures.

Currently, there is no classification of local
complications related to DRA catheterization.
Based on nearly a decade of global experience
with distal radial artery access (DRAA), the fol-
lowing classification of access-related compli-
cations is proposed (Fig. 1).

npemMmywectsa TOro wmin wWHOro AO0cCTyna.
3apava ctaTtbM — OOHECTU OO0 KJIMHUUUCTA,
C KaKMMn BO3MOXHbIMU npo6ne|v|aM|/| N CIOX-
HOCTAMMN MOXHO CTOJIKHYTbCA MPU MNCMNOJIb30-
BaHuUu J14/] n kak ux npeogoneTsb.

Each of these complications has its own inci-
dence rate, treatment strategy, prognosis, and
preventive measures (5-6). In the context of
complications, RA spasm, which occurs during
catheterization and intravascular manipulation,
should be mentioned separately. This reaction
of the RA can occur in up to 34% of cases (5).
It should not be classified as a complication, as
it represents a physiological response of the
artery to external stimuli (7). However, RA
spasm may act as a trigger for access artery
complications. This article addresses local
hemorrhagic complications occurring during
access artery catheterization, endovascular in-
terventions, and hemostasis.

Hemorrhagic complications are a serious is-
sue in any type of surgical intervention, includ-
ing endovascular surgery. The transition from
transfemoral access to radial access has helped
reduce the incidence of hemorrhagic complica-
tions during endovascular procedures (8-10).
However, RA catheterization of the forearm has
not completely eliminated the risk of hemor-
rhagic complications in a patient (5, 11, 12).
Analysis of studies shows that local hemor-
rhagic injuries are uncommon complications
which can occur with both distal (up to 9%) and
proximal (up to 27%) access. But there is no
definitive evidence that distal access leads to
fewer complications compared to proximal ac-
cess (13-19).

Complications of the radial access
hemorrhagic mixed ischemic neurological * stenosis .
¢ RA occlusion
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e infected puncture site

Fig. 1. Complications of the radial artery puncture.
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1. Hematoma. Local hematomas vary in
severity and are classified using the EASY scale
(17) (Fig. 2).

Hematomas measuring 15 cm? or more are
considered significant (20). Regardless of the
hematoma etiology, an arterial wall defect is
alwaysinvolvedinitsdevelopment. Furthermore,
it should be understood, that the source of the
hematoma may be either the puncture site (RA
of the hand) and the RA of the forearm if it was
damaged during an endovascular procedure.
The most severe manifestation of a hematoma is
compartment syndrome. Hematoma can lead to
compression of surrounding tissues and sec-
ondary tissue ischemia (21). However, compart-
ment syndrome is a rare (less than 0.01%) com-
plication with DRA compared to proximal radial
access (22, 23). The lower incidence of com-
partment syndrome with DRAA and an intact
proximal RA may be associated with anatomical
structures of the hand (bones and tendons),
particularly the Retinaculum flexorum (Fig. 3).

Our clinic's experience suggests that the
key to preventing hematomas is optimal RA
puncture, effective hemostasis, and thorough
monitoring of the hand using ultrasound or an-

giographic visualization both during and after
the procedure.

In our clinic, hematoma management strat-
egy depends on the nature and severity of the
injury. Small sized (EASY I-Il), uncomplicated
hematomas without RA wall damage are treat-
ed conservatively. In these cases, it is impor-
tant to monitor the local injury and determine
the hematoma etiology. If the hematoma en-
larges, ultrasound evaluation of the injury aids
in verifying the nature and severity of the dam-
age. Additionally, ultrasound device allows per-
forming hemostasis at the puncture site and
hematoma affected area. If the situation wors-
ens due to arterial wall damage, surgical inter-
vention may be necessary, either endovascular
or open surgery. Conservative treatment in-
cludes tight bandaging of the hematoma area,
analgesics, nonsteroidal anti-inflammatory
drugs, and protamine administration. If hema-
toma is infected, antibiotic therapy, local treat-
ment of the damaged area with antiseptic and
aseptic dressing are required (Fig. 4).

Surgical treatment is needed for hemato-
mas associated with damage of the RA wall
and/or compartment syndrome. In such cases,
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Fig. 3. Anatomical structures of the hand.
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the most effective approach is fasciotomy,
which decompresses tissues, improves micro-
circulation, and reduces tissue ischemia (24). It
should be noted that compartment syndrome
in DRAA is usually a consequence of forearm
RA damage rather than hand RA damage, as
anatomical structures in the wrist area prevent
blood spread from the hand toward the fore-
arm. Therefore, it is important to verify the site
of arterial wall damage and perform hemosta-
sis accordingly. Surgical treatment of arterial
wall damages will be discussed below. Thus,
hematomas in DRAA can be classified into two
types: hematomas at the puncture site related
to inadequate hemostasis and hematomas re-
sulting from arterial wall injury proximal to the
puncture site of the RA.

2. Other types of hemorrhagic complica-
tions include dissection, arterial perfora-
tion, and pseudoaneurysm. It can be as-
sumed that these complications share a com-

mon mechanism of occurrence with varying
severity of arterial wall damage. The cause of
these complications is mechanical injury to the
RA wall during instrument manipulation within
the arterial lumen. RA wall damage may occur
in the forearm when instruments pass through
the RA lumen, as well as in the distal part in
cases of incorrect introducer placement or a
mismatch between the introducer size and RA
diameter (Fig. 5).

It should be noted that DRA damage follow-
ing introducer placement may be absent by the
end of the endovascular procedure. However,
as our clinic's experience shows, in some cas-
es, the damages may persist, and the more
severe the defect (full-thickness wall defect,
arterial rupture), the higher the likelihood of its
persistence (Fig. 6).

a) RA dissection generally has a favorable
outcome and responds well to conservative
treatment. Dissection results from instrument

Fig. 4. Conservative treatment of the hand hematoma (Streptocide powder) after the distal radial access (a). Scarring

of the hand wound surface (b) (our own observations).

Fig. 5. Angiogram of the radial artery of the forearm. a — dissection (indicated by the arrow) of the middle part of the
radial artery; b — angiogram of the radial artery of the hand. Extended dissection of the radial artery in the dorsal hand
and in the anatomical snuffbox (indicated by arrows), after unsuccessful catheterization of the radial artery in the
dorsal hand. The access artery is changed to the ulnar artery. Our own observations.
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Fig. 6. a — angiogram of the radial artery of the hand and distal forearm with a damaged part of the radial artery in the
anatomical snuffbox. 1 — radial artery of the forearm, 2 — the lesion of the radial artery in the anatomical snuffbox,
3 —introducer in the distal radial artery; b — OCT-image of the radial artery in the anatomical snuffbox with a damaged
part of the intima and partially the medial layer (indicated by the arrow), after PCI. The radial artery in the dorsal hand
was catheterized 4 days after catheterization of the radial artery in the anatomical snuffbox. Our own observations.

interaction with the arterial wall when passing
through its lumen or from a mismatch between
the instrument size and the artery’'s anatomical
characteristics. The latter may occur due to in-
correct introducer placement in the distal RA. A
distinguishing feature of RA dissection com-
paring to other local hemorrhagic complica-
tions is the absence of perforating injury of the
arterial wall. Dissection may involve the inner
and medial layers of the artery, not affecting the
outer wall. It prevents blood from spreading
into the vessel surrounding tissues. Dissection
can vary in size and severity, ranging from lo-
calized, minor defects to extended, flow-limit-
ing lesions. Dissection associated with the dis-
tal access has a favorable prognosis. The rea-
son is that the damage of the inner arterial
lumen occurs from the distal to the proximal
part of the artery along the blood flow direction.
This way, blood flow presses the damaged seg-
ments against the arterial wall. Moreover, pro-
longed catheter or introducer presence within
the arterial lumen contributes to the dissected
segments pressing to the arterial wall. This is
the so-called “temporary stent” effect (20). In
cases of persistent dissection, compression
bandage and prolonged compression can help
manage this complication. A worse prognosis is
associated with dissections where the flap tip is
positioned against the blood flow (Fig. 7).
Retrograde-flow dissection may contribute
to thrombosis and/or arterial occlusion, poten-
tially requiring invasive treatment (balloon an-

gioplasty of the dissection area with simultane-
ous external compression). In conclusion, it is
important to note that asymptomatic dissection
is often undetected and may be found inciden-
tally. Therefore, it may be assumed that the
actual number of RA dissections following en-
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Fig. 7. Schematicillustration of the arterial wall dissection
flap (*). Against the blood flow (a) and along the direction

JuctanbHbivi 1y4eBovi 4OCTy. JIokaibHbIe reMopparn4eckme OC10XKHEHUS,

ux npogunakTrka v ae4yeHne

of the blood flow (b).



WHTEPBEHLMNOHHAS AHTMOJIOMs

Fig. 8. a — OCT-image of the radial artery from distal to proximal part. Area of the damaged intima and partially the
medial layer (arrow). b, ¢ — damage of the all arterial layers with the area of perforation of the arterial wall (arrows);
d - area of the damaged intima and medial layer (arrows) up to external membrane. Catheterization of the radial artery
in the dorsal hand, primary procedure. Our own observations.

dovascular intervention is significantly higher
than reported in the literature.

b) RA dissection and wall perforation often
accompany each other; while dissection can be
an isolated lesion, perforation does not occur
without dissection. Radial artery perforationis a
rare complication (<1%) (25, 26). The degree
of perforation varies from angiographically un-
detectable and only identified via intravascular
imaging (Fig. 8), to forming a pseudoaneurysm.

Minor or asymptomatic perforations may be
dangerous, as they are initially unnoticed by
both patient and physician. However, with in-
tense anticoagulation and antiplatelet therapy
or mechanical impact on the damaged area, a
perforation may transform into a more severe
complication — pseudoaneurysm or fistula.
Perforation pathogenesis is similar to dissec-
tion but differs in that all arterial wall layers are
damaged. Perforation can occur either at the

DRA puncture site or in proximal RA segments.
Clinical signs of perforation are more promi-
nent than dissection. It is due to blood extrava-
sation from the vessel into surrounding tissues,
causing pain in a patient and hematoma in the
skin and subcutaneous tissues. RA perforation
is a rare complication but requires a more ag-
gressive treatment approach. Perforation treat-
ment includes conservative and surgical strate-
gies. Conservative treatment involves external
compression of the perforation site under ultra-
sound guidance, with or without subsequent
applying a compression bandage. If these
treatment methods fail, surgical interventions
are used. Endovascular treatment involves bal-
loon angioplasty under angiographic control
with external compression of tissues at the per-
foration area (27). If endovascular treatment is
unsuccessful, the RA perforation should be
sutured by a vascular surgeon.
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Fig. 9. a - angiogram of the radial artery in the distal forearm with damaged part of the radial artery (small
pseudoaneurysm is indicated by the arrow). Catheterization of the ulnar artery. Our own observations; b — photo of the
forearm with bulging of the large pseudoaneurysm proximal of the puncture site (arrow) of the radial artery (19).

Fig. 10. a — angiogram of the radial artery of the hand and distal forearm with damaged area (pseudoaneurysm) of the
radial artery in the anatomical snuffbox; b — attempt of the external compression of the pseudoaneurysm. Hematoma
of the hand soft tissue. Limited blood flow in the deep palmar arch. Our own observations. 1 — radial artery of forearm,
2 — false aneurysm of the radial artery of anatomical snuffbox, 3 — deep palmar arch, 4 — hematoma at the site of
puncture of the radial artery of anatomical snuffbox after external compression.

c) Pseudoaneurysm. This is a rare complica-
tion in both proximal and distal access (17, 28).
Pseudoaneurysm size may vary. Larger ones
are visually detectable and confirmed by ultra-
sound, while the smaller are revealed inciden-
tally as patients rarely experience discomfort
and have no complaints (Fig. 9). Verification of
such aneurysms can be performed angio-
graphically or using ultrasound.

Pseudoaneurysms that occur when the DRA
is used as the access artery are typically small,
as the RA in this area has a “bony base”, and
subcutaneous tissue is poorly developed. This
facilitates early detection of a pseudoaneurysm
and prevents its classic “maturation” to larger
sizes (Fig. 10).

A pseudoaneurysm may result from improp-
er hemostasis technique at the RA puncture
site (29) and/or perforation of the RA wall.
Predisposing factors include high doses of an-
ticoagulants and antiplatelets. Depending on
the aneurysm size, conservative or surgical
treatment methods can be used. Mechanical
external compression using hemostatic devic-
es or tight bandaging often is used effectively
for small pseudoaneurysms. Larger pseudoa-
neurysms that do not respond to conservative
treatment require surgical correction. Similar to
arterial perforation cases, endovascular treat-
ment of aneurysms may include balloon angio-
plasty with external compression, aneurysm
embolization under angiographic guidance,
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Fig. 11. Angiogram of the endovascular treatment of the pseudoaneurysm using the microcatheter, hemostatic sponge
and external compression with hemostatic cuff TR Band Our own observations. 1 — introducer, 2 - false aneurysm, 3 -

microcatheter, 4 - TR Band, 5 — hemostatic sponge.

dilation with a balloon followed by external
compression, or thrombin administration into
the aneurysm cavity (30) (Fig. 11).

The angiosurgical treatment method is more
preferable for aneurysm, as it allows for exci-
sion of the aneurysm, ligation of the artery,
angioplasty and prosthetic replacement of the
artery.

3. Post-catheterization arteriovenous
fistula. Unfortunately, this complication is of-
ten detected at a later stage as it is either
asymptomatic or presents with mild symptoms
at the earlier stage. During advanced stages of
the fistula development, patients may complain
of swollen and pulsating veins in the hand and
forearm. Visual and ultrasound examinations
are the initial diagnostic tools for verifying this
complication (Fig. 12).

At later stages, patients with a fistula may
complain of a “bruit” in the affected arm. Even
if the exact date of RA catheterization is un-
known, presence of this symptom strongly sug-
gests that the fistula has existed for approxi-

mately 3-4 weeks. Angiography allows for the
assessment of the arteriovenous shunting se-
verity and the presence of a “neck” in the arte-
riovenous fistula (Fig. 13).

Like pseudoaneurysms, an arteriovenous
fistula of the RA in the hand is a severe yet rare
hemorrhagic complication (17, 31, 32). For
a fistula development, at least two conditions
must be met: simultaneous damage to the
walls of both an artery and a nearby vein, along
with inadequate hemostasis at the arterial
puncture site. When blood “shunting” through
the damaged arterial wall persists and arterial
blood enters through the damaged wall of the
vein, a fistula is developed. However, unlike fis-
tula created for hemodialysis, post-catheteri-
zation fistulas have a distinct feature: they lack
a “direct” connection between the artery and
vein. Likely, they are connected by a pseudoa-
neurysm, and over time, the surrounding tissue
may acquire the properties of a vascular wall.
This hypothesis, however, requires further con-
firmation.

Fig. 12. a - arteriovenous fistula after catheterization of the radial artery in the anatomical snuffbox. Dilated hand
veins. b — ultrasound data for the arteriovenous fistula. 1 — puncture site of the radial artery in the anatomical snuffbox;
2 — dilated veins; 3 — radial artery; 4 — arteriovenous fistula. Our own observations.
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Fig. 13. Angiogram of the radial artery of the hand and distal forearm. Post-puncture arteriovenous fistula of the
radial artery in the anatomical snuffbox (a). Formed venous network of v. cephalica, v. basilica. Absent antegrade
blood flow in the radial artery distal to the arteriovenous fistula (b) arteriovenous fistula according to ultrasound
data (e¢). Our own observations. 1 — radial artery of the forearm; 2 — arteriovenous fistula; 3 — deep palmar arch;
4 — stump of the superficial palmar arch; 5 — “neck” of the arteriovenous fistula; 6 — arterial blood flow in v. cephalica;
7 - radial artery; 8 — vein.

Fig. 14. a — angiogram of the radial artery. Fistula is located under the introducer. Radial artery in the dorsal hand
is catheterized. b — percutaneous ligation of the “neck” of the arteriovenous fistula. The introducer serves as a guide
for ligature placement; ¢ — control angiogram of the radial artery. Arterial blood shunting to the venous system is
absent. Our own observations. 1 — radial artery of the forearm; 2 — veins; 3 — introducer in the distal radial artery; 4 —
surgical needle; 5 — guidewire in the introducer; 6 — radial artery in the anatomical snuffbox; 7 — guidewire and

introducer.

For arteriovenous fistula only surgical treat-
mentis used, due to the ineffectiveness of con-
servative approaches. Reports of conservative
treatment described in the literature probably
applied to asymptomatic cases of this compli-
cation (33), or when this condition was detect-
ed at an early stage. Endovascular treatment
for fistulas is not the preferred surgical ap-
proach, as balloon angioplasty and external
compression are ineffective for long-term fistu-
las. Angiography can be of significant benefit in
the treatment of fistula. It allows to visualize the
fistula “neck” and to perform external percuta-
neous suturing of the fistula (Fig. 14).

If endovascular treatment is unsuccessful,
“open” vascular surgery is used: partial resec-

tion of the RA, ligation, and excision of the fis-
tula (33).

In conclusion, it should be noted that the
treatment approach to hemorrhagic complica-
tions depends on the complication severity and
may include conservative, surgical or com-
bined methods.

Prevention of hemorrhagic complications of
the radial approach.

Since hemorrhagic complications during
endovascular intervention can occur not only at
the place of RA catheterization in the hand but
also in the forearm (as instruments are ad-
vanced through the arterial lumen), specific
precautionary measures should be followed to
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Fig. 15. a — hand deformity (ulnar deviation) in a patient with rheumatoid arthritis; b — keloid scar after the radial artery

puncture in the forearm. Our own observations.

1. Inform patients about possible local com-
plications and the actions they should take
if complications detected.

2. Have sufficient experience in DRA cathe-
terization (8).

3. Consider alternative access in patients
with hand deformities due to trauma or disease,
Parkinson’s disease, vibration disease, or skin
abnormalities (scars, burns, etc.) (Fig. 15).

Fig. 16. a — tortuosity of the radial artery in the forearm
(artery of a small diameter). Distal radial artery is
catheterized; b — catheter advancement along the radial
artery in the forearm using the balloon. Our own
observations. 1 - radial artery; 2 - introducer; 3 -
guidewire; 4 — balloon; 5 — catheter.

4. If DRA has weak pulsation and/or ultra-
sound is unavailable, avoid DRA puncture and
use another arterial access.

5. Use ultrasound before DRA puncture to
make a visual evaluation of the artery both at
the puncture site and along the forearm (diam-
eter, topographic characteristics, calcification,
vascular anomalies in the hand and forearm,
occlusion, etc.) (34-38).

6. Perform adequate analgesia and spasm
prevention (38, 39). Local anesthetics should
be administered not only at the puncture site
but also along the artery to block nociceptive
reactions during instrument advancement in
the RA lumen.

7. Use ultrasound guidance for DRA punc-
ture (34, 38).

8. Perform optimal arterial puncture (prefer-
ably of the single wall), use an appropriate an-
ticoagulation.

9. When significant RA tortuosity is present,
use guidewires designed for coronary interven-
tions, microcatheters, and low-profile cathe-
ters to increase procedural success (37); ad-
vance a catheter through the tortuous segment
with an inflated balloon at the distal part of the
catheter (Fig. 16).

10. Avoid aggressive instrument manipula-
tion within the arterial lumen. If resistance is
met during instrument advancement, perform
RA angiography.

11. Ensure adequate hemostasis and ultra-
sound assessment of the puncture site after
removing the introducer and completing hemo-
stasis (38).
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Discussion

Recent literature data demonstrates the sig-
nificant advantages of the DRAA (17, 40, 41).
This access has proven to be safe and contribut-
ing to reduce complication incidence. However,
it does not completely eliminate the risk of local
complications (17). Complying with standards
during RA catheterization is essential for safety
and quality of the procedure. Careful patient se-
lection for DRA catheterization is another pre-
dictor of reducing possible local complications.
Mandatory monitoring of the access site during
the procedure, in the early postoperative period,
and at later stages after the surgery helps re-
duce the risk of local hemorrhagic complica-
tions. Nevertheless, despite all challenges of
DRAA, the existing advantages of this approach
suggest that all interventional surgeons should
include this technique in their practical skillset.
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PeHTreH3HpgOBacKynsipHoe fe4yeHue
00/IbHbIX HEpe3eKTabe/IbHOU BHYTPUNEUEeHOUHOM
XON1IAaHFTMOKAPLHUHOMOM

A.C. Typnak*, A.B. Kosnos, .I". Tapa3os, A.A. lNonnkapros

Drby “Poccurickunii Hay4HbI LIEHTP PaaMNOSIOrnN U XUpPypri14eCckux TeXHO10r i
numeHu akagemuka A.M. paHoBa” MuHaapasa Poccun, CaHkT-lleTepbypr, Poccusi

AKTyanbHOCTb. PasvkanbHasi oriepauusi rno3BoJsieT AOCTUYb Hauydluvx pPe3ysbTatoB JIeHYeHUsT GO0JbHbIX
BHYTPUNEYEHOYHOM X01aHrMOoLesoIsspHOM kapumHomMmoi (XLIK), oaHako Hepe3ekTabesibHble CiyYan CoCcTaB-
nst0T 6onee 70%. PervioHapHas xumuotepanus (PXT) MOXET BASITbCS a/lbTepHaTUBOM CUCTEMHOM XUMMUOTE-
parmn (CXT) y Takmx naymeHTOoB.

Llenb nccnepgoBarus: ornpeaenntb 6e30rnacHoCTb n 3pdekTnBHocTb PXT ripu ne4eHny 60/1bHbIX HEPE3eKTa-
6esibHoVi BHYTpunedyeHo4YHou XLK.

Martepuan n metoasl. B viccnegoBaHue Bkito4yeHO 112 naumeHToB ¢ Hepe3ekTabesbHou XLIK, nosay4mBLumx
B PHLPXT nmenun akagemuvika A.M. paHoBa (2012-2023 rr.) PXT B Buge KoMOUHaLM XUMUO3IMO0Im3aLmm
(X3) n xummomnH@y3um B ne4eHO4YHyo apTeputo. Beero BeinosHeH 481 uunkn (B cpeaHem 4 'y oagHOro naumeHTa)
o cxemam: remumtabuH+okcanunnatuH (GEMOX), remuntabuH+umcnnatiH (GEMCIS) v gokcopybuumH (X3)
+ okcanunnatnH+5-gpropypaunntnervikoopuH (DOX + FOLFOX).

Pe3ynbratsl. JleTasibHbIX ICXOA0B, CBSI3aHHbIX C BbIOJIHEHNEM apTepuorpadum n PXT, He Obli0. SKCTpeHHas
ornepaumnsi B 06beMe pe3eKkumnmy JIOXKHOV aHEBPU3MbI B MECTE IMyHKUMM 6eapeHHON apTepun notpeboBasnach
B oaHoM (0,9%) cayqae. MocTamb0M3aLnNOHHbIN cuHAPOM pasBusics y 37,5% 6osbHbIX. HexenaresbHbie
SIBJIEHUSI XMMUNOTEPANEBTUYECKOro JI€4YEHNS] HE NpeBbILLany 2-i cterneHy. MeavaHa BpeMeHu [0 nporpeccu-
poBaHusi coctaBuna 4,1 (95% AN 1,5-6,2) mec, meamnaHa obLueri BoixxviBaemoctn —13,9 (95% AN 11,0-17,1)
mec, riokasarenu 1, 2, 3-netHevi BbixxmBaemocTn — 54,5, 23,2, 12,5% coOTBETCTBEHHO.

3aknryenne. PXT sBisieTcss OTHOCUTEIbHO 6e30nacHbIM 1 3OEKTUBHBIM METOAOM JIEYEHUS HEPE3EKTa-
6enbHov XLK.

Knio4yeBble cnoBa: pervnoHapHas XuMuoTeparnus; Hepe3ektabesibHasi BHYyTpUrie4eHo4YHasi XoJsiaHr mokapLnHo-
ma; XMnoambom3aums; XUMNOUHQY3US

Ansa untupoBanua: A.C. Typnak, A.B. Koanos, lN.I. Tapasos, A.A. NonvkapnoB. PeHTreH3HO0BacKynspHoe
nevyeHne 60JbHbIX Hepe3dekTabenbHOM BHYTPUNEYEHOUYHOW XONaHrMokapLUMHOMOW. MexayHapoaHbli XypHas
MHTEPBEHLMNOHHOV KapanoaHrvuoaorum. 2024; 79 (4): 46-60. https://doi.org/10.24835/1727-818X-79-46

KOoHPAUKT nHTepecoB: aBTopbl 3asBNSAT 06 OTCYTCTBMU KOHDINKTA MHTEPECOB.
UcTouHuku puHaHcupoBaHus: padboTa BbiNnosiHeHa 683 CNOHCOPCKOW NMoaaePXKKN.

X-ray endovascular treatment of patients
with unresectable intrahepatic cholangiocarcinoma

A.S. Turlak*, A.V. Kozlov, P.G. Tarazov, A.A. Polikarpov

A.M. Granov Russian Scientific Center of Radiology and Surgical Technologies, Saint-Petersburg,
Russia

Relevance. Definitive surgery allows achieving the best outcomes for patients with intrahepatic cholangiocellular
carcinoma (CCC), but unresectable cases account for more than 70%. Regional chemotherapy (RCT) may be
an alternative to systemic chemotherapy (SCT) in such patients.

Study Objective. To determine the safety and efficacy of the RCT used for the treatment of patients with
unresectable intrahepatic CCC.

Material and Methods. The study involved 112 patients with unresectable CCC, who underwent RCT at the
Russian Research Center for Radiology and Surgical Technologies named after Academician A.M. Granov
(2012-2023) as a combination of chemoembolization (CE) and chemoinfusion (Chl) into the hepatic artery.
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A total of 481 cycles were performed (four cycles per patient on average) according to the following regimens:
gemcitabine + oxaliplatin (GEMOX), gemcitabine + cisplatin (GEMCIS), and doxorubicin (DX) + oxaliplatin +
5-fluorouracil + leucovorin (DOX + FOLFOX).

Results. There were no lethal outcomes related to arteriography and RCT. Emergency surgery to resect a false
aneurysm at the site of femoral artery puncture was required in one case (0.9%). Post-embolization syndrome
occurred in 37.5% of patients. Chemotherapy-related adverse events did not exceed grade 2. The median time
to progression was 4.1(95% CI 1.5-6.2) months; median overall survival was 13.9(95% CIl 11.0-17.1) months.
The 1-, 2-, 3-year survival rates were 54.5, 23.2, and 12.5%, respectively.

Conclusion. RCT is relatively safe and effective treatment method for unresectable CCC.

Keywords: regional chemotherapy; unresectable intrahepatic cholangiocarcinoma; chemoembolization;
chemoinfusion

For citation: A.S. Turlak, A.V. Kozlov, P.G. Tarazov, A.A. Polikarpov. X-ray endovascular treatment of patients
with unresectable intrahepatic cholangiocarcinoma. International Journal of Interventional Cardioangiology.
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KpaTtkuin Teaunc

B ctaTbe npuBeaeHbl pe3dynbraTbl COOCTBEH-
HOrO MCCNenoBaHUA aBTOPOB MO JIOKOPErmo-
HapHOMY JIe4EHUNIO HEpe3ekTabenbHOW BHYTPU-
MEYEHOYHOW XOJIaHTMOLENTIONSAPHON Kapumn-
HOMBbI; OMMCaHa MeToAuKa BbINOJIHEHUS
PErMOHApPHOW XMMUOTEPAnun; NpPencTaBiEHbI
OaHHble MTepartypbl.

Cnuncok cokpalyieHumn

DOX + FOLFOX (nokcopybuumH +
okcanunnaTtuH + S-pTopypauunn +
NEeNKOBOPWH)

ECOG - Eastern Cooperative Oncology
Group

GEMOX - remumntabuH n okcanuniaTuH

GEMCIS - remuutabuH 1 uMcnnaTuH

AN — noBepuTenbHbIN MHTEPBAa

OrlNA — obOLasa nevyeHo4YHas apTepus

PXT — pervoHapHas xumuoTtepanms

CXT - cucrtemHasa xummoTtepanus

XN — xvuMmmnounHopysunsa

XUK — xonaHruouennonspHas kKapumHoma

X3 — xummnoambonmsaumnsa

YC — 4peBHbIl CTBON

BeepneHue

BHyTpuneyeHo4yHas XonaHrmouennonsap-
Haa kapuuHoma (XLK) asnsaetcsa BTOpbIM MO
4acToTe MOC/e renaTouesuItioASpPHOro paka
NepBUYHbIM 3/10Ka4eCTBEHHbIM HOBOOOpPAa30-
BaHMeM rnedyeHu (1). Xupypruyeckoe yganeHve
OMyxoNn OCTaeTCHa eaMHCTBEHHbLIM paaunkanb-
HbIM MeTOoAOM fnedeHud. K coxaneHuto, gaxe
nocne RO-pe3ekunn 5-neTHAs BbKMBAEMOCTb
coctaBnset 20-35%, a peunamnB BCTpeyaeTcs
B 80% cny4aes (2, 3).

Pesekuys nevyeHy BO3MOXHA NMLLb HA PaH-
HUX CTaguax 3aboneBaHusl, Torga Kak MeCTHO-
pacrnpoCTpPaHEeHHbIN OMyX0oJiEBbLIV NPOLLECC Bbl-
SABNSIETCA NMPU NEPBMYHOM obpaLleHnn y bonee
yem 70% (4, 5). MeanaHa BbIXMBAEMOCTU
O0NbHbIX Hepe3ekTabeNbHOW BHYTPUNEYEHOU-
Ho XUK 6e3 cneuudunyeckon tepanum co-
cTaBngeT meHee 7,5 mec, a 5-neTHaa BbIXXMBa-
emMocTb — 6-10% (6, 7).

CuctemHas xummotepanus (CXT) npenapa-
Tamu remumtabuH u yumcnnatuH (GEMCIS) aB-
nseTca nepBon NMHUEN NPOTUBOOMYXOSIEBOIO
nedyeHnsa HeornepabosbHbix 60MbHbIX XLIK (8-
10). MNpwn aToM yacToTa 06BLEKTMBHOINO OTBETA
He npeBbiwaeT 40%, a MegmnaHa BbXMBAaeMO-
cTn MeHee 12 mec (2, 11). CoyeTaHme cxembl
GEMCIS ¢ nMMyHHOW Tepanuewn paccmaTtpu-
BaeTCs B KA4eCTBe NpearnoyYTUTeNbHOro Bapu-
aHTa Tepanuu: nokasaTtesib 00LEeN BbiXMBae-
MOCTW Y BOJNbHbIX, 3aBEPLLUNBLLMX KYPC, MOXET
yBenununtbea 0o 12,8 mec (12). B 1o xe Bpemd
CXT BbI3bIBAET CepPbE3HbLIE HEeXenaTefbHble
ABNEHUS Y 2/3 BONbHbIX, YTO NPUBOAMUT K YOS IN-
HEHMIO BPEMEHHOIO NPOMEXYTKa MeXAy LmK-
namMuv nnu nx npepbieanmio (13, 14).

Mo OaHHbIM HEKOTOpPbIX UCCNenOoBaTeNEN,
MCMOJSIb30BAHME PErMoHapHOM XmmMmoTepanum
(PXT) mecTtHOpacnpocTpaHeHHon XLIK no3Bo-
JINNO CHU3UTb CUCTEMHYIO TOKCMYHOCTb U YBE-
NNYUTb MeOmaHy BbhkKMBaeMocTu Oo 27 Mec
(15-17). Tem HE MeHee nMerLmMecs B 4OCTYMN-
HOV nuTepaType cuctematTuyeckme o00630pbl
M MeTaaHanmM3bl XapakTepU3ylTCsa reTePOreH-
HOCTbIO rpynn 60JbHbIX, METOOMK N CXEM XU-
MumoTepanun.

Llenb nccnepoBaHus: onpeneneHne 6e3-
onacHocTtn u adpdekTusHocTn PXT B neyeHun
O0MbHbIX HEPEe3eKkTabeNbHOW BHYTPMNEYEHOU-
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MaTtepuan n metoabl

3a nepuog 2012-2023 rr. B PHLUPXT nmexu
akagemuka A.M. 'paHoBa nanmatmeHyo PXT
nposenn y 112 60nbHbIXx Hepe3ekTabenbHOW
XUK. Baza gaHHbIX NauMEHTOB 3akpbiTa Ang
aHanusa B ceHTsa6pe 2024 r. [poBoguMble
MeToAabl ieveHus Obinn 0oo0bpeHbl Ha 3acena-
HUAX KOMUTETa No 3TuKe: NPoToKosbl Ne05-18
o1 28 HOs6psA 2018 1. 1 Ne01-09 oT 22 ceHTAbPS
2023 r.

Kputepusamm BKIIOYEHUSA B UCCHELOBaHUE
SBAANINCL: BO3pacT cTtapiie 18 net; rmcronoru-
yeckn BepudunumpoBaHHas XLK; HepesekTa-
OenbHbI ONYyX0NeBbIN Npouecc; ctaaus 3abo-
nesaHuna T2-4N0-1MO0O-1 (lymph); cocTosiHue
no wkane ECOG 0-2 6anna.

Kputepumn nckioueHus: Hannyme mertacTa-
30B B [pyrve opraHbl, KapunMHOMaTo3; ConyT-
CTBYIOLLLAA coMaTuyeckasa naTtonorns B ctagumn
cy6- nnu pgekomneHcaumn; rnpoBeOEHNE UM-
MYHHOI N TapreTHowm Tepanun; ooLwmn ounun-
pyounH 6onee 60 mkmonb/n; acumt Il unn lll cte-
MEHN; HEBO3MOXHOCTb CENEKTUBHON KaTeTe-
pur3aumn 0nyxoeBbIX COCYA0B 4J151 BbINMOJIHEHUS
XuMmnoambonuaauun (X3); BbipaxXeHHbIN cTe-
HO3 NN OKKIO3MSA YpeBHoro cteona (HC) n 06-
wen nedveHoyHowm apTtepumn (OlMA); kKNMHUYe-
ckne unm nabopartopHblie MNPU3HaAKM OCTPOro
BOCMasIEHNs NN CENCUC.

Kaxapbin umkn PXT cocTtoan m3 onarHoctu-
4ecKoro M ne4yebHOro aTarnoB: NPSIMOW aHrmno-
rpadum renatonaHkpeaToobnnmapHoOm 3O0HbI
C rnocneayLen cenekTnBHom X3 n XMMMUOUH-
dy3umm (XWN). NMocne nyHkumn 6egpeHHon apTe-
pun no CenbanHrepy BbIMOSHAAN ANArHOCTU-
4yeckylo aHrmorpaduio BepxHer OpbikeevyHOoW
aptepum n HYC gnsa onpepeneHms cocyanucTomn
aHaTOMMKU, CTENEHUN HEOBACKYNapM3aumun, ony-
XOJIEBOW WMHBa3uy B MarucTpasibHble COCynabl
N TEXHUYECKOW BO3MOXHOCTU BbINOJIHEHUS
pasnnyHbiX BUaoB PXT.

Insa BbinonHeHUs X3 apTepuanbHbin Kate-
Tep ycTaHaBnmMBasn CENEKTUBHO B OMNyxX0JieBble
cocydbl. 3atemM BBOOAUIN XUMMO3MOONM3AT,
KOTOPbI rOTOBUAW B PEHTrEHONnepaunoHHOMN
HENoCpenCcTBEHHO Nepen BBEOEHUEM: LUTO-
cTtatuk cmewmBanu ¢ 1:5 gnctnnanpoBaHHOM
BOAbI M 2—3 MM BOAOPACTBOPMMOIrO KOHTPAaCT-
HOro BeuwlecTtBa. K nonyymBwemMycsa pacTBopy
nob6aenanu 3—6 M CBEpPXKMAKOro nunuoaona
N BCTPSAXMBANM WNPUL, B TeYEeHMe 3 MUH.
lMonyyYyeHHyI0 CYCMEH3UI0 BBOAMIMN MEOJIEHHO
Mo, PEHTrEHOCKOMMYECKUM KOHTPOoJIEM. 3aTem
[006aBnsaIM MeKo Hape3aHHble KYCO4YKU (2 X 2,
2 X 4 MM) remMocTaTu4eckon rybku oo penyk-
UMM KPOBOTOKA C LENb0 YMEHbLUEHUS HEO-

Backynsapusaumm. lNocne BbINOJIHEHUS KOH-
TPONIbHOrO CHUMKa KaTteTep ycTaHaBnmMBanu
B COOCTBEHHOW neyeHo4Hol apTepuu, OlMA
mnn YC ang pernoHapHom XW. KoH4ynk kaTte-
Tepa pacnonaranu gucTtajsbHee NeBON Xeny-
[O4YHON apTepun gnasa npodpunakTkm paseu-
TUS racTpuTa WUaM 493Bbl, 0OYCNOBEHHbIX
BO34ENCTBMEM XUMMNOTEPANEBTUYECKUNX NpE-
naparTos.

Xnmmotepanuio MnpoBOAUSIN MO CXemMam
GEMOX, GEMCIS wvnn FOLFOX. [1031poOBKU
XMMMonpenapaToB paccymMTbiBaiM B COOTBET-
CTBUN C KJIMHUYECKUMWU pPeKoMeHOauUsAMU,
npm aToM 003y penyunpoBann Ha 1/3, y4UTbI-
Bad BHyTpUapTepuasibHbIA TOKOPErmMoOHapHbIN
nyTe BBeneHuns. Uuknel PXT nosTopsanu 1 pas
B MecsL. Npwu nporpeccmpoBaHnu 3aboneBa-
HUS (BHYTPUMNEYEHOYHOM MeTacTasmpoBaHUN
U yBEANYEHNM OCHOBHOIO o4ara B MeYeHwu)
ocyuiecTBasnm cmeny cxembl GEMCIS/GEMOX
Ha DOX+FOLFOX.

N3 112 naymeHToB ObINO 78 >XEHLUH
1 34 MyX4uHbl B BO3pacTte oT 37 no 84 (cpen-
HUM 61,9) net. PXT npoBoaunun B KayecTBe
MepBON NIMHUKX MPOTUBOOMYXOJIEBOM Tepanun
y 80 nayMeHToOB M B Ka4eCTBE BTOPON JINHUU
y 32 nocne HeappekTuBHOCTM CXT. MNprnynHom
CMEHbl MeToa fie4eHnsa cTan NpoaosIKEHHbIN
pocT onyxonu B neyenun (59,4%) n/mnm Tokcu-
Yeckme OCNOXHEHUSA BHYTPUBEHHOW XMMMNOTE-
panun (40,6%); BCe HexenatesnbHble ABNeHUS
Obn KynupoBaHbl Ao Hadana PXT. CteneHb
anddepeHUMpoBkn Obina HU3Kkom y 36,6% 601b-
HbIX, yMepeHHon y 47,3%, Bbicokon y 16,1%.
dusnyecknii ctaTyc naumeHToB no wkane ECOG
coctaBun 0, 1n26annay53(47,3%), 48 (42,9%)
m 11 (9,8%) cooTBeTcTBEHHO. Bcero nposenn
481 uukn PXT (ot 1 go 31, B cpeaoHem 4,3) no
cxemam GEMOX, GEMCIS n DOX + FOLFOX.
M3-3a BHYyTPMNEYEHOYHOIO NPOrpeCcCMpoOBaHNS
nepsyto nuHuio PXT (GEMCIS/GEMOX) cmeHu-
nn Ha BTopyto (DOX + FOLFOX) y 15 60/bHbIX.
OanH unkn PXT Obin BbinosiHeH y 31 (27,7%),
opa uukna — y 22 (19,6%), tpn n 6onee -
y 59 (52,7%) nauyeHTOoB.

Ina aHanusa pe3ynbTaToB UCCEen0BaHUSA
MCNoJSb30BaIM MNakeT nporpaMmm craTucTuye-
ckon obpaboTkm paHHbix MedCalc Bepcus
19.1.3. (2019). C uenbio OUeHKM nokalaTenen
BpeMeHN A0 NPOorpeccupoBaHus n obLLel Bbl-
XMBAEMOCTU Ha BCEM MPOTSXeHUN Habnoae-
HUS UCMONb30BAIM METO, MOCTPOEHUS TabnnL,
noxutmnsa metogomMm KannaHa-Menepa. Kpu-
TEPUAMM CTAaTUCTUYECKOMN [OOCTOBEPHOCTU
CUYMTaNUCh Pa3nnyns C BEPOATHOCTbIO OLLUNOKU
MeHee 5% (p < 0,05). lNokasaTenn BbiXMBae-
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MOCTW BbICYMTbIBANIM OT Hayana NpoTMBOOMY-
XONEBOrO JIeYeHUS.

HexenaTtenbHble aBNeHUA aHruorpadumn
n PXT oueHmBann no knaccudukaumm CIRSE
(2017) n kputepuam NCI CTCAE, v 5.0.

Pe3ynbTaTbl UCCNepoBaHns

JleTanbHbIX MCXOO0B, CBA3AHHbLIX C BbINOJI-
HeHuem apTtepuorpadum un PXT, He Obino.
OCNoXHEHUS PEHTreH3HO0BACKYSAPHbIX BMe-
LLIATENLCTB Pa3BUJINCb Y HECKOJIbKUX MauMeH-
ToB. [emaToma B 061aCTV NyHKUMN BeQpPEHHOMN
apTepun obpasoBanack y ogHoro (0,9%) 6onb-
HOro 1 He TpeboBana XMpPypruyeckor nevyeHus
(ocnoxHeHne 1-in cTeneHn no Knaccudukaumm
CIRSE, 2017). lNpoBeaeHmne aKCTPEHHON one-

paunmm B obObemMe pe3eKkuum NOXHON aHeB-
pn3Mbl, 00pa30BaBLUENCS B MeCTe MyHKUMKN
obuieli 6egpeHHon apTepumn, noTpeboBasnoch
B apyrom cny4dae (0,9%) (ocnoxHeHue 3-i
cTenenun). MNocTamMBONM3aLUNOHHbBIA CUHAPOM
B Buae abgoomMumHanbHbIX Gonen, nuxopanku
pazsuncsa y 39 (34,8%) naymenTos, y 18 no-
TpeboBasioCb Ha3HaAYeHMEe HaPKOTUYECKUX
aHanbreTukoB (OCJ/IOXHEHME 2- CTeneHu).
[femaTonornyeckass TOKCMYHOCTb 1- CTENEHN
Oblna oTMeydeHa y 28,6% (n = 32) u He Tpebo-
Bajsla [OOMOSIHUTENbHOW Tepanuu; TOJNbKO
y 2 (1,8%) 60nbHbIX pasBunacb aHemus Il cte-
neHun, KoTopas Obina KynmpoBaHa Ha3Ha4YeHU-
eM npenapartoB xenesa. Hentponerus Il cte-
neHun 6bina BbigeneHa y 0,9% (n = 1), 4to no-

Puc. 1. AHrnorpammel 6onbHoro M., 57 net, BHyTpUneyeHo4YHas XxonaHrmokapumHomMa.

a — CeJleKTMBHas aHrvorpaMma 3amMeLLalolleli NpaBoi NeYeHoYHOM apTepun OT BepXHEel OpbiKeeyHOW apTepuin:
B NPOeKuMu S, C pacnpocTpaHeHneM Ha Sy, 1 S, NeveHn BU3yann3npyeTcs naTonornyeckoe obpasoBaHne co cMme-
LLIaHHOW BacKynspuaauuen, cogepxatiee ornyxonesble CoCyabl;

6 — uennakorpaMmma: KpoBocHabXeHWe Onyxosn U3 BETBE YPEBHOrO CTBOJIA OTCYTCTBYET; NaTONIOrMYeckmx o6paso-

BaHW B NEBOW A0J1€ NEYEHN HE ONpPeaenseTcs;

B — CeJIeKTUBHas aHrmorpamMmma 3amMeLlatoLLeli npaBoi NevYeHo4YHon apTepmn Yyepea 6 Mec OT Havana nevyeHus: ony-
XOJ1b NMPEXHNX Pa3MepoB, OTMEYADTCS YMEHbLUEHME ee HeOBaCKysapu3aLm, aBacKyIsipHbIE 30Hbl;
r — uenmakorpadusa cnycta 20 Mec OT Havana JiedeHus; NPorpeccnpoBaHme: BU3Yann3npyrloTcs odarn de novo

B /IEBOV [,0/€ NEYEHMU.
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TpeboBano Ha3HaA4YeHUs  CTUMYNIATOPOB
nerkonoasa. [acTpoMHTECTUHASIbHAA TOKCUY-
HOCTb 1-2-i1 cTeneHn pasBunacb y 16,1%
(n =18) n 6bina KynNnMpoBaHa CUMMTOMATUYECKOM
Tepanven BTeveHmne 1-2 cyt. [enaTtoTOKCUYHOCTb
1-2-1 cteneHun nposBunacek y 36 (32,1%) na-
LIMEHTOB 1 Oblnia pa3pelleHa KOHCEPBATUBHO.
Y opHon (0,9%) nmaumeHTKM NpOTUBOOMNYXosie-
BOE Jle4eHnEe OCNOXHUIIOCb Pa3BUTUEM Maky-
JIe3HO-NanyJane3Hon Cbinn, KOTopasa ycunanea-
nacob B nepsble 2 cyT nocne PXT.

Puc. 2. Airnorpammel 6onbHol T., 42 roga, BHyTpuMne-
YeHOoYHas XonaHrmokapumHoma.

a — BO3BpaTHasa nopTorpamma: fneBas BEeTBb BOPOTHOM
BEHbI HE BU3Yyann3npyeTCcs (COaBieHa Onyxosblo);

6 - uenvakorpamma: rmnoBackyfsipHas ornyxoJib J1eBo
nonn nedeHn. O6pasoBaHMe MoJlydaeT KPOBOCHabXe-
HVE OT BETBEW IEBOV NMEYEHOYHOW apTepuu;

B — BO3paTHas noprtorpamma nocnie asyx umknos PXT
no cxeme GEMCIS: onpenensieTcs neesast BeTBb BOPOT-
HOW BeHbl;

I — KOMMbIOTEPHAss TOMOrpamMma OpraHoB OpPOLLIHOM
MoONOCTU C BHYTPMBEHHBIM KOHTpacTUpOBaHMEM [0
Hayana fie4eHus: B IEBOWN 40ONE NEYEHN BUIyann3npy-
eTcs obpazoBaHue go 100 mm B gruameTpe;

A, — KOMMbIOTEPHAs TOMOrpaMma OpraHoB OpPHOLLIHOM
MOSIOCTN C BHYTPUBEHHbLIM KOHTPACTMPOBAHWEM MOC/E
ABYX unknoB PXT: onyxofib NeBOM A0AN NEYEHN YMEHb-
wwrnock oo 80 MM B AnameTpe.

B HacTosiwee Bpemsa XuBbl 9 OONbHbIX
B cpokm ot 10 mo 82 (meguaHa 15,5) mec.
Mocne npoBeaeHus 3HOOBACKYNSIPHOrO neye-
HUS YaCTUYHBIA OTBET OOCTUTHYT Yy 24 (21,4%),
cTtabunusauma —y 71 (63,4%), nporpeccupo-
BaHue — y 17 (15,2%) naumeHToB. MeanaHsbl
BPEMEHM [0 NpOorpeccupoBaHus mn obLlen
BbbknBaemocTu coctaBunn 4,06 (95% AN 1,5—
6,2) n 13,9 (95% M 11,0-17,1) mec, a noka-
zatenm 1, 2, 3-neTHel BbIKMBAEMOCTU -—
52,7, 20,5, 11,6% cooTBeTCTBEHHO (puc. 1, 2).
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OGcyxneHue

PXT ycneLwHo nprMmeHsaeTcs B ie4eHun nep-
BUYHbIX M METACTaTUYECKNX OMYXONEN NEeYEHU.
CenektmBHOE BHyTpUapTepuanbHOE BBEOEHME
LMTOCTaTUKa NO3BOJIFET AOCTUYb €r0 BbICOKOMN
KOHUEHTpaumn B HOBOOOPa3oBaHUM CO CHUXE-
HMEeM cucTtemMHomnm TokcmnyHocTn (18-20). B oc-
HoBe MeToamkn PXT nexmT oCoOOEeHHOCTb KPO-
BOCHabxeHuns onyxonu, kotopas Ha 90-95%
OCYLLECTBNAETCH W3 MNEYEHOYHOW apTepun.
B 10 e BpemMs 300poBasi napeHxrnma nutaeTcs
Ha 70% 13 BOPOTHOM BEHbI U TOJIbKO HA 30%
apTepuanbHON KPOBbIO.

N3 meTomoB PXT Hanbonee 4yacTo nprMeHs-
totca XN n X3. XM paeT BO3MOXHOCTb yBENU-
YUTb KOHLUEHTPaUUIO XMmMmonpenapara B ornyxo-
nn 3a cyet adpdekTa “NnepBoro NPOXoxXaeHus”.
X3 coueTaeT B cebe apdekTbl XN 1 mexaHun4e-
CKON 3mMbonmaaumun, Bbi3blBAKOLWLEN ULLIEMMUIO
OnyXxosieBoM TkaHW. B HacTosilee Bpems wc-
MoNb3YOT MaclsaHylo X3, Npu KOTOPOW B Ony-
XOJIEBbIE COCYAbl BBOOUTCS CYCMNEH3UsI XMNO-
npenaparta C MacisHbIM KOHTPACTHbIM BeLle-
CTBOM (MMN1ogos) MBO3MOXHOM MOCNeayoLen
OKKJTIO3MEN NUTaloWEro cocyna, a takke X3
C JleKapCTBEHHO-HACLILLAEMbIMN MUKPOChe-
pamu (DEB; drug-eluting beads).

HecmoTps Ha pocT yucna nybnmkauuin, no-
CBSILLLEHHbIX  JIOKOPErMOHAPHOMY  NIeYEHUIO
BHyTpuneyeHo4Hor XUK, adpdekTtnBHOCTb X3
1 XM ocTtaeTcsa A0 KOHLA He U3y4eHHom (21, 22).
Takke He onpepgeneHo, kakyto metoauky PXT
M B KAKOW NOCNEeL0BaTE/IbHOCTU CrieayeT npu-
MEHSATb.

J. Wang n coaBrt. (2023) cpaBHuBanm ag-
HEKTUBHOCTE XO MPUMHOTEKAHOM C MPUMEHE-
HMemMm mMmukpocdep nnm nununogona y 40 naun-
€HTOB. Pe3ynbTatbl neyeHnss Mukpocpepamu
okazanuchb Nydlle: yactoTa OTBeTa, MeauaHa
obLLel BbIXXMBAEMOCTU 1 OOHONETHSAS BblXKMBa-
emMocTb cocTtaBmnm 70%, 11,5 mec n 50% npo-
1B 20%, 9,0 mec n 35%. boneBow cMHOPOM
N renaToTOKCUYHOCTb He npeBbiwann 1-2-n
cTeneHn n 6bIIN KynMpoBaHbl KOHCEPBATUBHO.
OcnoxHeHue, noTpeboBaBLUEE XMPYPIrNYECKO-
ro BMelwarenbCcTBa, Obl/1I0 OTMEYEHO Y OAHOro
(5%) nauymeHTa B rpynne X3 c¢ DEB (23).
Cxoxue gaHHble onybnnkosanm T. Sun 1 coasT.
(2022) (24).

B ooHOM M3 HEMHOIMMX OTEYECTBEHHbIX UC-
cnegosaHunm b.W. JonrywunH n coast. (2015)
BbIMOSIHUAM 82 uukia MacnsHom X3 ¢ AOKCopy-
OULMHOM, reMumnTabrHOM B KOMOUHALMK C MU-
TOoMUUMHOM C, MUTOKCATPOHOM C 5-pTopypa-
umnom y 33 naumenTtos ¢ XLUK: meagmaHa BbiXXin-
BaemMocTu cocTaBuna 9 mec. HacTuyHbIn OTBET

oTMeueH y 29%, ctabununsaums — y 46%, npo-
rpeccmpoBaHue — y 25%. ABTOpbl OTMETUN,
4YTO Haumnydwune pesynbtatel (12 mMec) 6buu
OOCTUMHYTblI MPU MNPUMEHEHUN KOMOUHaUMN
npenapartoB reMumtTabuH + MutToMmmnumH C (25).

Jlyqwne nokasatenu BbKMBAeEMOCTU Oblnu
onybnukoBaHsbl Y. Ge u coasT. (2020). NMpu nc-
nonb3oBaHUM MacnsHowm X3 ¢ 5-pTopypaum-
JIOM, TMAOPOKCUKAMNTOTELMHOM M anmpybunum-
HOM y 185 6onbHbIX Hepe3ekTabdbenbHor XLIK
aBTOpPbl MOJY4YUIN MeAnaHy BbIKMBAEMOCTU
no4ytn 27 Mec, a nokasatenb OOHONETHEN Bbl-
XNBAEMOCTW cocTaBus 65% (26).

BbinonHeHMe aHaoBackynsipHon ambonnsa-
LM OMyXONEeBbIX COCYA0B 6e3 NCMNo/ib30BaHUS
XMMMOTEPANEBTUYECKMX NPENAPaTOB TakXe No-
3BOJINIIO YBENNYNTL BbIXXMBAEMOCTb Y OOJIbHbIX
Hepe3ekTabenbHOM BHyTpuneveHouyHom XLIK.
Tak, no gaHHbIM S. Velayati n coast. (2023),
ambonmaaums NoAM3TUIEHOBBIMU MUKpPOChe-
pamMu B KOMOUHaLmMm ¢ CXT Obina OTHOCUTENbHO
6e30nacHON: OCNOXHeHNs 3-1 cTeneHn pasBu-
nmcb y 8,5%, a noctamMb0M3aLUMOHHbIA CUHA-
poMm — vy 14, 7% OonbHbIXx. YacToTa oTBEeTa Ha
3HO0BACKyISIPHOE NedeHme coctasuna 79,4%,
a MeamaHbl BpeMeHW OO0 NporpeccupoBaHus
1 obwen BbkmBaemocTtn — 4 1 13 mec (15).

O6beanHeHHbI aHann3 M. Owen 1 CoaBT.
(2023) nokasan, 4TOo 06WAs BbIKMBAEMOCTb
B rpynnax XM n X3 CTatncTu4eckm 3HaAYMMO
He pasnuyanack: 10,1-31,1 mec n 6-30 mec.
OnoHako OONbLWWMHCTBO nNybnukauun ceuae-
TENbLCTBYET O TOM, 4YTO Pe3ybTaTbl JIeYeHus
60nbHbIX XLUK npu ncnonbaosanun XU nyyiie,
yem npu X3 (21). Tak, MO gaHHLIM MeTaaHanu-
3a J. Edeline n coaBTt. (2021), oTBET Ha Ie4eHne
Obin nonyyeH y 41%, B TO BpemMs kak nocrne X3
TOonbko y 23%. MeguaHa obuler BbiXuBae-
MOCTU Takke Oblna Boilwe B rpynne XW: 21 mec
Mo cpaBHeHUO ¢ 16 mec (22).

Z. Cai n coast. (2021) pokasanm, 4TO Mpo-
BeneHue XM no cxeme FOLFOX noBbICMio ad-
GEKTVUBHOCTb JIEYEHUSA MO CPABHEHMIO C Mac-
NgHOM X3 C MUTOMMULMHOM, 3MUPyouLMHOM
N kapbonnatMHOM: CpenHsasa MpPoOoJIKUTENb-
HOCTb XW3HW 1 nokasaTenn 1-2-neTHen BbIXU-
BaemocTu coctasunm 19,0 mec n 60,1-38,6%
npotmnB 10,8 mec 1 42,9-29,4% COOTBETCTBEH-
HO. OgHako 4yacToTa pa3BUTUS MUENOCYNpPEC-
CUMN U TaCTPOUHTEPCUMHANIbHON TOKCUYHOCTWU
B rpynne XM 6bina Bbiwie (17).

M. Ishii n coaBT. (2022) BeinonHuamn XM npe-
naparamm remumTabuH, uucnnatnuH n 5-dTop-
ypaumn y 18 naumeHtoB. OTBET Ha Ne4vYeHue
O6b1n nonyyeH y 37,5%, meanaHa BbI>KMBaAeEMO-
ctn coctaBsmna 20,6 mec, a 0QHONETHSASA BbIXXU-
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BaeMocCcTb — 75%. Y 11 naumeHToB Ha ¢$oHe
NIeYEeHMs pasBuiacb remartosiormiyeckasl TOK-
CUYHOCTb 3—4-1n cTenenn (14).

S. Franssen un coaBt. (2024) cpaBHuBanu
onuxaniwne n othaneHHble pesynbtatbl XU
1 CXTy 192 6onbHbIX. B rpynne XU peaynbraTthl
OblIN 3HAYUTENBHO Jy4lle: CpeaHsas npoaorn-
XUTENbHOCTb XU3HU N 3-NEeTHAS BblKMBae-
MOCTb cocTaBunu 27,7 mec un 34,3% npoTus
11,8 mec n 3,5%. Wiccneposatenm oTtMeTunu,
4YTO Y NAUMEHTOB, KOTOPbLIM Ha3Ha4unm PXT Bo
BTOPON NuHuK (Npu HeaddekTneHocTn CXT),
MeauaHa BbiXrBaemMocTu Obina Boilwe — 30 mec,
TOorga Kak B MEpBON JIMHMKM OHa COoCTaBuia
27 mec (16). 3T pedynbTaThl NOATBEPXKOAKOT-
cs1 06beauHeHHbLIM 0630pom J. Edeline n coasT.
(2021): cpenHas o6LWAa BbIKMBAEMOCTb MpwU
CXT ¢ nocneaywouwen PXT okasanacb Bbille,
yem B PXT B nepBoin nuHumn: 25,2 mec npoTuB
15,7 mec cooTBeTCTBEHHO (22). Hambonee
pacnpocTpaHeHHbIM MNokKa3aHMeM K JIoKope-
r’MOHAPHOMY JIEHYEHMIO BO BTOPOWN JINMHUWN ABJISI-
eTCad XMMUOPESNUCTEHTHOCTb (MPOrpeccmpo-
BaHVe 3aboneBaHus B MEYEHWN) UIn pasBUTME
TOKCUYECKUX aBAeHur Ha dpoHe CXT (15).

B Hawem nccneposaHnm PXT Oblna ncnosnb-
30BaHa B Ka4yecTBe BTOPOW NUHUU Npu Headp-
dEKTUBHOCTU /UK HenepeHocumocTn CXT
B 28,8% cnyyaeB. lNepen Ha3Ha4YeHMEM 3HOO-
BaCKYJIAPHOIr O JSlIeHeHUs HexXenaTtesibHble aBe-
HUS Npeabloywen Tepanmm b KynrMpoBaHbl,
4YTO NO3BOJINIIO NPOBECTM BHYTPUAPTEPUIBHYIO
xumMmoTepanmio 6e3 cepbe3HbiX HexenaTesnb-
HbIX SIBIEHUA.

KomOuHauusa sHOO0BaCKYISIPHOro NeyYyeHus
n CXT crnocoOCTBYET YBENMNYEHUIO NPOOOIIKN-
TENbHOCTU XM3HU Yy OONbHbLIX Hepe3ekTabersb-
Ho BHyTpunevyeHo4yHown XLIK. Tak, Y. Hu un co-
aBT. (2020) cpaBHuBanM adOEKTUBHOCTb X3
(nnmnoponom unmn DEB) nntoc nepoparsnbHbIii
npuem anatmHnda ¢ MoHoTepanuein anaTuHuU-
6om. Bce meToguku X3 npoBoannm no cxeme
GEMCIS. B rpynne X3 ¢ DEB meanaHa BbXU-
BAaEMOCTM M YacTtoTa OOBLEKTUBHOIO OTBETa

coctaBuam 19,3 mec n 84,6%, B rpynne X3
¢ nunmoaonom — 14,0 mec n 75,0%, npu npu-
MEHEeHUM ToNbKO anaTtnHuba — 6,5 mec 1 40%.
HexenatenbHble SBNEHUS HE NpeBbILLANMU
1-2- cTeneHun, ogHako B rpynne X3 c¢ DEB
yallie pasBMBaIUCb rACTPOUHTEPCTUHAsIbHAs
TOKCUYHOCTb U renaTtoTOKCUYHOCTb, a Takxke
remMaTolorm4eckme o0CnoxHeHus (27).

A. Cercek n coaBt. (2020), npumeHsas XU
C pIOKCYpPUOVHOM U BHYTPUBEHHOE BBEAEHNE
remumtabuHa u okcanunnaTtuHa y 38 naumet-
TOB, MONAYYMIN 4acToTy oTBeTa 58%. MeaonaHa
BbDKMBAEMOCTU cocTaBuia 25 Mec, a 0aQHONET-
HSIS1 BbI)KMBAEMOCTb YBENMYMNACH NPaKTUYECKN
00 90%. OgHako y 2 naunMeHToB NOCne sHOO0Ba-
CKYNIIPHOrO Nle4eHns pasBunacb aHeBpu3ama
racTpoayoneHanbHom aptepun. OCNOXHEHUS
3-4-1n cteneHn coctaBmnun <50% un Gbinn npe-
MMYLLECTBEHHO CBSI3aHbl C renaTtoTOKCUYHO-
CTbt0. “XUMMYECKNIA” OUNNAPHbIV CKNepo3 pas-
BUICS Yy 4 60JbHbIX 1 NOTPeboBan BbINOJIHEHNS
CTEHTNPOBAHUS XENYHbIX MPOTOKOB (28).

B mocTtynHol nutepaTtype Mbl HE 0BHapPYXun-
M uccnepoBaHnii adPEKTUBHOCTM KOMOUHA-
umm XM n X3 y naumeHToB ¢ Hepe3eKkTabenb-
HoOW BHyTpunedeHouHou XK. B Hawen paboTe
BO BCeX Crlydasix BbIMonHaAnM oba Bmaoa aHOO-
BACKY/IPHOr0 fie4eHUss Npu KaxaoM UuMKie
XMmMoTepanuu.

TsKenbIx HexenartenbHbix asneHnin PXT He
Habnoganm, 4To CBUAETENLCTBYET O ee 6e3-
onacHocTn. Tokcunyeckne adpdpekTol PXT He
npeBbiwann 1-2-n CTENEHN N NIEFKO KOPPUTU-
poBannCb CUMNTOMATUYECKOW Tepanuewn,
4YTO CBUOETENIbCTBYET O XOPOLUEN NEPEHOCU-
MOCTM NeYeHus.

3aknovyeHme

NMpoBegeHHOE uccnenoBaHve W AaHHble
MUPOBOW NuUTEpaTypbl CBUOETENbCTBYIOT 00
OTHOCUTENIbHO 6e30MacHoOCTU U adpdeKkTmB-
HOCTU BHYyTpUapTepuUanbHOro XxmMMmoTepanes-
TUYECKOro fiedeHnsl NauyeHToB C HepesekTa-
6enbHo BHyTpuUnedyeHo4Hom XLIK.
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Brief abstract

The article presents the authors’ own re-
search results on locoregional treatment of un-
resectable intrahepatic cholangiocellular carci-
noma; the technique of regional chemotherapy
is described; literature data are provided.

Abbreviations

DOX + FOLFOX - doxorubicin + oxaliplatin +
5-fluorouracil + leucovorin

ECOG - Eastern Cooperative Oncology
Group

GEMOX — gemcitabine and oxaliplatin

GEMCIS - gemcitabine and cisplatin

Cl — confidence interval

CHA — common hepatic artery

RCT - regional chemotherapy

SCT - systemic chemotherapy

Chl — chemoinfusion

CCC - cholangiocellular carcinoma

CE — chemoembolization

CA - celiac artery

Introduction

Intrahepatic cholangiocellular carcinoma
(CCQC) is the second most common primary
malignant liver tumor after hepatocellular carci-
noma (1). Surgical tumor removal remains the
only definitive treatment method. Unfortunately,
even after RO resection, the 5-year survival rate
is 20-35%, and recurrence occurs in 80% of
cases (2, 3).

Liver resection is feasible only at early stag-
es of the disease, whereas locally advanced
tumor is diagnosed in more than 70% of pa-
tients at initial presentation (4, 5). The median
survival of patients with unresectable intrahe-
patic CCC without specific therapy is less than
7.5 months, with a 5-year survival rate of 6—10%
(6, 7).

CT with gemcitabine and cisplatin (GEMCIS)
is the first-line antitumor treatment for patients
with inoperable CCC (8-10). However, the ob-
jective response rate does not exceed 40%,
and the median survival is less than 12 months
(2, 11). The combination of GEMCIS with im-
munotherapy is considered a preferable treat-
ment option: in patients completed the course
an overall survival rate may increase up to
12.8 months (12). Atthe same time, CT induces
severe adverse events in two-thirds of patients,
leading to prolonged intervals between cycles
or their interruption (13, 14).

According to some researchers, the use of
RCT for locally advanced CCC allowed to re-
duce systemic toxicity and increase median
survival to 27 months (15-17). However, sys-
tematic reviews and meta-analyses available
in the literature demonstrate heterogeneity in
patient groups, methodologies, and chemo-
therapy regimens.

The aim of our study was to assess the safe-
ty and efficacy of RCT in the treatment of pa-
tients with unresectable intrahepatic CCC.

Material and methods

From 2012 to 2023, at the Russian Research
Center for Radiology and Surgical Technologies
named after Academician A.M. Granov, pallia-
tive RCT was performed in 112 patients with
unresectable CCC. The patient database was
closed for analysis in September 2024. The
used treatment methods were approved by the
Ethics Committee: Minutes No. 05-18 dated
November 28, 2018, and Minutes No. 01-09
dated September 22, 2023.

Study inclusion criteria were as follows: age
over 18 years; histologically confirmed CCC;
unresectable tumor; disease stage T2-4NO-
1MO-1 (lymph); ECOG performance status of
0-2.

Exclusion criteria: presence of metastases
in other organs, carcinomatosis; severe comor-
bidities in sub- or decompensation stages;
prior immunotherapy or targeted therapy; total
bilirubin > 60 umol/L; grade Il or Ill ascites;
inability to perform selective catheterization of
tumor vessels for chemoembolization (CE); se-
vere stenosis or occlusion of the celiac artery
(CA) and common hepatic artery (CHA); clini-
cal or laboratory signs of acute inflammation
or sepsis.

Each RCT cycle consisted of diagnostic and
therapeutic stages: direct angiography of the
hepatopancreatobiliary region, followed by se-
lective CE and Chl. After puncturing the femoral
artery using the Seldinger technique, diagnos-
tic angiography of the superior mesenteric
artery and CA was performed to assess vascu-
lar anatomy, neovascularization, tumor invasion
into major vessels, and technical feasibility of
various RCT methods.

For CE, an arterial catheter was selectively
inserted in tumor vessels. Then the chemoem-
bolization agent was administered, which pre-
pared immediately before administration in the
X-ray operating room: cytostatic was mixed
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with distilled water (1:5) and 2-3 mL of water-
soluble contrast agent. To the obtained solu-
tion, 3—6 mL of Lipiodol Ultra Fluid was added,
and the mixture was shaken for 3 minutes. The
resulting suspension was slowly injected under
X-ray guidance. Then, finely chopped pieces
(2 x 2, 2 x 4 mm) of hemostatic sponge were
added to reduce blood flow and decrease neo-
vascularization. After a control scan, the cath-
eter was positioned in the proper hepatic ar-
tery, CHA, or CA for the regional Chl. The cath-
eter tip was placed distally to the left gastric
artery to prevent chemotherapy-induced gas-
tritis or ulceration.

Chemotherapy was performed according to
GEMOX, GEMCIS, or FOLFOX regimens. Drug
dosages were calculated based on clinical
guidelines, with a one-third dose reduction due
to intra-arterial loco-regional route of adminis-
tration. RCT cycles were repeated monthly.
Upon disease progression (intrahepatic metas-
tasis or primary tumor growth), the GEMCIS/
GEMOX regimen was switched to DOX +
FOLFOX.

Among the 112 patients, 78 were women
and 34 were men, aged 37-84 years (mean
61.9). RCT was used as the first-line therapy
in 80 patients and as second-line therapy in
32 patients after the failure of SCT. The reason
for changing the treatment regimen was the
continued tumor growth in the liver (59.4%)
and/or toxic complications of intravenous
chemotherapy (40.6%). All adverse effects
were resolved before initiating RCT. Tumor dif-
ferentiation was low in 36.6% of patients, mod-
erate in 47.3%, and high in 16.1%. ECOG per-
formance status was 0, 1, and 2 in 53 (47.3%),
48 (42.9%), and 11 (9.8%) patients, respec-
tively. A total of 481 RCT cycles (from 1 to 31,
mean 4.3) were performed using GEMOX,
GEMCIS, and DOX + FOLFOX regimens. Due to
intrahepatic progression, first-line RCT
(GEMCIS/GEMOX) was switched to second-
line (DOX + FOLFOX) in 15 patients. One RCT
cycle was performed in 31 (27.7%) patients,
two cycles in 22 (19.6%), and three or more
in 59 (52.7%) patients.

Study data analysis was conducted using
MedCalc statistical software version 19.1.3
(2019). To assess the time to progression and
overall survival rates throughout the follow-up
period, the Kaplan-Meier method of construct-

ing life tables was used. Criteria for statistical
significance were considered to be differences
with an error probability of less than 5%
(p < 0.05). Survival rates were calculated from
the start of antitumor therapy.

Angiography and RCT-related adverse
events were evaluated according to the CIRSE
classification (2017) and criteria NCI CTCAE,
v.5.0.

Results

There were no lethal outcomes related to
arteriography and RCT. Some patients had
complications related to X-ray endovascular
interventions. One patient developed hemato-
ma at the site of femoral artery puncture which
did not require surgical treatment (grade 1
complication according to CIRSE classification,
2017). Emergency surgery involving the resec-
tion of a false aneurysm at the site of femoral
artery puncture was required in another case
(0.9%) (grade 3complication). Postembolization
syndrome, presented by abdominal pain and
fever, developed in 39 patients (34.8%), with
18 cases requiring opioid analgesics (grade 2
complication). Grade 1 hematological toxicity
was observed in 28.6% (n = 32) of patients and
did not require additional therapy. Only two pa-
tients (1.8%) developed grade 2 anemia, which
was managed with iron supplements. Grade 3
neutropenia was detected in 0.9% (n = 1) of
patients, requiring treatment with leukopoiesis
stimulants. Grade 1-2 gastrointestinal toxicity
occurred in 16.1% (n = 18) of patients and was
resolved with symptomatic therapy within 1-2
days. Grade 1-2 hepatotoxicity was observed
in 36 cases (32.1%) and was managed con-
servatively. In one patient (0.9%), antitumor
treatment was complicated by the development
of a maculopapular rash, which intensified with-
in the first two days after RCT.

At present, nine patients are alive after 10 to
82 months (median 15.5 months). After endo-
vascular treatment, a partial response was
achieved in 24 patients (21.4%), stable disease
in 71 (63.4%), and disease progression in
17 (15.2%). Median time to progression and
overall survival were 4.06 months (95% CI 1.5-
6.2) and 13.9 months (95% CI 11.0-17.1), re-
spectively. The 1-, 2-, and 3-year survival rates
were 52.7%, 20.5%, and 11.6%, respectively
(fig. 1, 2).
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Fig. 1. Angiograms of patient M., 57 y.o.; intrahepatic cholangiocarcinoma.

a — Selective angiography of the replacement right hepatic artery from the superior mesenteric artery: there is
a pathological area of mixed vascularization containing tumor vessels in the S,, extending to S, and S, of the liver;

b — Celiac angioography: there is no blood supply to the tumor from the branches of the celiac trunk; no pathological
nodules were identified in the left lobe;

¢ — Selective angiography of the replaced right hepatic artery 6 months from the start of treatment: the tumor is the
same size, with decreased neovascularization and avascular zones;

d - Celiac angiography 20 months after the beginning of treatment; progression: there are tumors “de novo” in the left
lobe.
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Fig. 2. Angiograms of patient T., 42 y.o.; intrahepatic
cholangiocarcinoma.

a — portography: there is no left branch of hepatic portal
vein (it is compressed by the tumor);

b - Celiac angiography: in the left lobe there is a
hypovascular tumor, supplied by the left hepatic arteries;
¢ - Portography after after two cycles of regional
chemotherapy according to the GEMCIS: there is left
branch of hepatic portal vein;

d - Computed tomography scan of the abdomen with
intravenous contrast before treatment: in the left lobe
there is a tumor up to 100 mm in diameter;

e — Computed tomography scan of the abdomen with
intravenous contrast after two cycles of regional
chemotherapy: left lobe tumor decreased up to 80 mm
in diameter.
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Discussion

RCT is successfully used for the treatment
of primary and metastatic liver tumors.
Selective intra-arterial administration of cyto-
statics allows achieving its high concentra-
tions in the tumor while reducing systemic
toxicity (18, 19, 20). The basis of RCT method-
ology is a peculiarity of the tumor blood supply,
90-95% of which provided by the hepatic artery.
At the same time, blood supply to normal liver
parenchyma is provided 70% by the portal vein
and only 30% by arterial blood.

Of the RCT methods, Chl and CE are most
frequently used. Chl allows increasing the con-
centration of chemotherapy agents in the tumor
due to the “first-pass” effect. CE combines the
effects of Chl and mechanical embolization,
causing ischemia of the tumor tissue. Currently,
oily CE is used, when a suspension of a chemo-
therapy drug with an oily contrast agent
(Lipiodol) is injected into tumor vessels with
possible subsequent occlusion of the feeding
vessel, as well as CE with drug-eluting beads
(DEB).

Despite the growing number of publications
addressing locoregional treatment of intrahe-
patic CCC, the efficacy of CE and Chl remains
not completely understood (21, 22). Further-
more, it is not determined which RCT technique
and in what sequence should be used.

J. Wang et al. (2023) compared the efficacy
of irinotecan-based CE using microbeads or
Lipiodol in 40 patients. The results favored treat-
ment with microbeads: response rate, median
overall survival, and 1-year survival rate were
70%, 11.5 months, and 50%, compared to 20%,
9.0 months, and 35%. Pain syndrome and hepa-
totoxicity not exceeded grade 1-2 and were
managed conservatively. A complication re-
quiring surgical intervention occurred in one
patient (5%) in the CE with DEB group (23).
Similar findings were reported by T. Sun et al.
(2022) (24).

In one of the few Russian studies,
B.l. Dolgushin et al. (2015) performed 82 cy-
cles of oily CE with doxorubicin and gemcit-
abine combined with mitomycin C, and mitox-
antrone with 5-fluorouracil in 33 patients with
CCC. The median survival was 9 months. Partial
response was observed in 29%, stable disease
in 46%, and progression in 25%. The authors
noted that best results (12 months) were
achieved with the gemcitabine plus mitomycin
C combination (25).

The best survival outcomes were reported by
Y. Ge et al. (2020). Using oily CE with 5-fluoro-

uracil, hydroxycamptothecin, and epirubicin in
185 patients with unresectable CCC, the authors
reported a median survival of nearly 27 months,
with a 1-year survival rate of 65% (26).

Endovascular embolization of tumor vessels
without chemotherapy agents also allowed im-
proving survival in patients with unresectable
intrahepatic CCC. Thus, according to S. Velayati
et al. (2023), embolization with polyethylene
microbeads in combination with systemic SCT
was relatively safe: Grade 3 complications oc-
curred in 8.5% of patients, and postemboliza-
tion syndrome in 14.7%. The response rate for
endovascular treatment was 79.4%, with me-
dian progression-free survival and overall sur-
vival of 4 and 13 months (15).

Pooled analysis by M. Owen et al. (2023)
demonstrated no significant difference in over-
all survival between Chl and CE groups: 10.1-
31.1 months and 6-30 months. However, most
studies suggest that outcomes of treatment
with Chl in patients with CCC are better than
of treatment with CE (21). Thus, according
to meta-analysis by J. Edeline et al. (2021),
the response rate was 41% for Chl versus only
23% for CE. Median overall survival also was
better in the Chl group: 21 vs. 16 months (22).

Z. Cai et al. proved that Chl by FOLFOX regi-
men has increased treatment efficacy compar-
ing with oily CE with mitomycin, epirubicin, and
carboplatin. Average life span and 1- and 2-year
survival rates were 19.0 months and 60.1%-
38.6% versus 10.8 months and 42.9%-29.4%,
respectively. However, incidence of myelosup-
pression and gastrointestinal toxicity were
higher in the Chl group (17).

M. Ishii et al. (2022) performed Chl with
gemcitabine, cisplatin, and 5 fluorouracil in 18
patients. Treatment response was achieved in
37.5%, median survival was 20.6 months, and
1-year survival 75%. Treatment-related grade
3-4 hematological toxicity occurred in 11 pa-
tients (14).

S. Franssen et al. (2024) compared immedi-
ate and long-term outcomes of Chl and SCT
in 192 patients. The Chl group showed signifi-
cantly better results: average life span and
3-year survival were 27.7 months and 34.3%
versus 11.8 months and 3.5%. The researchers
noted that patients receiving RCT as second-
line therapy (after SCT failure) had a higher
median survival: 30 months, compared to 27
months for first-line (16). These results are
confirmed by the pooled review by J. Edeline et
al. (2021): mean overall survival in SCT with
subsequent RCT appeared higher than in RCT
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as first-line therapy: 25.2 versus 15.7 months,
respectively (22). The most common indication
for locoregional treatment as the second-line
therapy is chemoresistance (disease progres-
sion in the liver) or SCT-induced toxicity (15).

In our study, RCT was used as a second-line
therapy in 28.8% of cases due to SCT inefficacy
and/or intolerance. Adverse events related to
prior therapy were managed before the endo-
vascular treatment, ensuring safe administra-
tion of the intra-arterial chemotherapy.

The combination of endovascular treatment
and SCT improves survival in patients with un-
resectable intrahepatic CCC. Thus, Y. Hu et al.
(2020) compared efficacy of CE (with Lipiodol
or DEB) plus oral apatinib with apatinib mono-
therapy. All CE was performed by GEMCIS
regimen. In the group of CE with DEB, the me-
dian survival and objective response rate were
19.3 months and 84.6%, in the group of CE with
Lipiodol - 14.0 months and 75.0%, in the group
of apatinib monotherapy - 6.5 months and
40%. Adverse events did not exceed grades
1-2; however, gastrointestinal and hepatic tox-
icity as well as hematological complication were
observed more frequently in the group of CE
with DEB (27).

A. Cercek et al. (2020) achieved response
rate of 58% using Chl with floxuridine and intra-
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Ponb aHruorpacguu 6paxmouedanbHbiXx apTepui
U nnockopetrektopHou KT B guarHoctuke
MeTacTaTUUECKHUX Y3/I0B LUEeU U ONYyXOJHU
KapoTUAHOIO riaomyca

A.U. Baropynbko™ 2, I'.[1. Huctparos'*, A.K. lonybuos?®, [1.B. Kosnos?, C.[1. PbikoB’
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3 'bY MockoBsckovi obnactn “MockoBckuii 061aCTHOV OHKOJIOrM4eckui amcrnaHecep”, banaluvxa,
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4I'BY3 ropoga MockBbi “MOCKOBCKU MHOrOMPO®OUIIbHbIV KITMHUYECKUA LeHTP “KoMmmyHapka”
/A3 ropoaa Mocksbi”, MockBa, Poccusi

Ha cerogHswHui eHb PeHTreH3HA0BaCKY/ISPHbIE METOAbI ANarHOCTUKU U JIEHEeHUS] LuarHy/iv Aajieko Briepes
M 3HA4YUTEJIbHO pacLupuv 0b1acTy CBOEro npuMeHeHus B meavumHe. K npumepy 6ypHbIMy TemMnamy pas-
BVIBAETCS OHKOJIOrM4ecKoe HarpaseHune. AHrvorpagpuyeckue annaparbi CHabXeHbl AeBaricaMyi C OHKOJI0MM-
4eCcKUMu rnaketamu, O4HUM 13 KOTOPbIX SIBJISETCS M/I0CKOLETEKTOPHast KoMmribioTepHas Tomorpagus (MAKT),
KoTopasi, o MHEeHWIO HEKOTOPbIX aBTopoB (b.U. JdonrywmH v coaBT.), obaagaeT TOYHOCTbIO ANArHOCTUKU
95-98%.

CenektvBHas aHrvorpagpusi bpaxeolegasibHbix apTepui AAET BO3MOXHOCTb HE TOJIbKO OLL€HUTb CTErNeHb are-
POCK/IEPOTUYECKOrO MOPAXEHVs, HO W MPEeACTaBiseT HaM KapTuHY COCYAOB, MUTAIOLLMX 0bpa3oBaHue,
a B HEKOTOPbIX CJ1yHasix BOBMOXHO YBUAETb 9KCTPABALMIO KOHTPACTHOIrO BELLeCTBa rpuv pacraze oryxoJsiu.
Obpa3soBaHue oryxosm n3 kKapoTuaHOro rroMyca (XeMoAekToMa) — peakoe 3aboeBaHne U3 HevipOSHAOKPUH-
Hovi TkaHu. CKpbITOE Te4YeHue, CUMIITOMbI, CXOAHbIE C OO/IbLUVM KOJIMHECTBOM MaTto10rvi, NPUBOASIT K BbICO-
KoMy rpoLeHTy owmnbok — o 25-90% u, kak cnenctBve, K HECBOEBPEMEHHOV MOCTaHOBKE AvarHosa.
JunarHoctvka onyxoay n3 KapoTuaHOro rmoMyca v MeTacTatu4eckoro y3sia B obiacty GugypkaLmm COHHbIX
apTepuri IBJISIETCS CJIOXKHOV 3aaqeri, KoTopasi OCHOBbLIBAETCS Ha 3aKJ/IIOYEHUN KIIMHUYECKOM KapTUHbI, YJilb-
TPas3ByKOBOIro nuccsenoBaHus, ToMmorpaguv n aHrmorpapumn. Mopgosiorndeckas Bepupukaums He rnpoBOAUNT-
Cs U3-3a BbICOKOIrO pUCKa KPOBOTEYEHUS U NOBPEXAEHUS BETBEN YeperiHbiX HepBOB. XeMoAeKkToMa C MaJsion
BacKynsipu3aumen sSBaseTcsl KparHe CJI0XHOW A1 ANarHOCTUKU. B aaHHOW cTatbe rnpuBoAvM nogobHoe
HabnwaeHve.

KnroyeBbie cnoBa: riaparaHriiioma; XeMogekToMa, MeTacTatudyeckun JimmMeoyses; aHruorpagus; yabtpa-
3BYKOBOE 1CC/IeA0BaHNeE; KOMIbIOTEPHAs TOMOrpagus; anarHoCTnka XeMoLeKkTOMb|

Ana uutuposanua: A.W. 3aropyneko, .M. Huctpartos, A.K. lony6buoe, [.B. Ko3nos, C.IM. PuikoB. Ponb aHrno-
rpadum 6paxmoredansHbix apTepuii 1 nnockoaetTekTopHoin KT B AnarHocTrke MeTactaTMyeckmx y3oB Len
1 OMyxonn KapoTUAHOro rnomyca. MexayHapoaHbIv XypHasa MHTEPBEHLUMOHHOV KapanoaHrnoaorun. 2024;
79 (4): 61-75. https://doi.org/10.24835/1727-818X-79-61

KoHd KT nHTepecoB: aBTopbl 3as9BNSI0T 00 OTCYTCTBUM KOHDINKTA UHTEPECOB.

UcTouHukn puHaHCHMpoBaHUa: paboTa BbinosiHeHa 6e3 CNOHCOPCKOM NOAAEPXKKM.

Posnb aHrnorpagum 6paxvouedasibHbix apTepuii v niockoaeTekTopHor KT 61
B ANarHOCTUKE METacTaTtu4eCckux y3/10B LLUEW 1 OMYXOJIN KapoTULHOro riomyca
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The role of brachiocephalic artery angiography
and FD-CT in the diagnosis of metastatic nodules
of the neck and tumors of the carotid glomus

A.l. Zagorulko'?, G.P. Nistratov'*, A. K. Golubcev®, D.V. Kozlov*, S.P. Rykov'’

" Oncological Center No. 1 of Moscow City Hospital named after S.S. Yudin, Moscow Healthcare
Department, Moscow, Russia

2 The Peoples' Friendship University of Russia (RUDN University), Moscow, Russia
8 Moscow Regional Oncology Dispensary, Balashikha, Moscow Region, Russia

4 Moscow multidisciplinary clinical center “Kommunarka” of Moscow Health Care Department,
Moscow, Russia

To date, X-ray endovascular methods of diagnosis and treatment have made great strides forward and have
significantly expanded their fields of application in medicine. For example, the oncological field is developing
rapidly. Angiographic devices are equipped with devices with oncological packages. One of which is flat-
detector computed tomography (PDCT), which, according to some authors (Dolgushin B.l. and co-authors)
has a diagnostic accuracy of 95-98%.

Selective angiography of the bracheocephalic arteries gives us the opportunity not only to assess the degree
of atherosclerotic lesion, but also presents us with a picture of the vessels feeding the formation, and in some
cases it is possible to see the extravation of the contrast agent during tumor disintegration.

The formation of a tumor from the carotid glomus (chemodectoma) is a rare disease of neuroendocrine tissue.
The latent course, symptoms similar to a large number of pathologies, lead to a high percentage of errors up
to 25-90% and, as a result, to untimely diagnosis. Diagnosis of a tumor from the carotid glomus and metastatic
node in the area of carotid artery bifurcation is a difficult task, which is based on the conclusion of a clinical
picture, ultrasound examination, tomography and angiography. Morphological verification is not carried out
due to the high risk of bleeding and damage to cranial nerve branches. Achemodectoma with low vascularization
is extremely difficult to diagnose. In this article, we present a similar case.

Keywords: paraganglioma; chemodectoma; metastatic lymph node; angiography; ultrasound; computed
tomography; diagnosis of chemodectomy

For citation: A.l. Zagorulko, G.P. Nistratov, A. K. Golubceyv, D.V. Kozlov, S.P. Rykov. The role of brachiocephalic
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BeepneHue

Onyxosb KapOTMAHOIro MOMYCa OTHOCUTCS K
naparaHrnmoMmam — 9TO HEMPO3HOOKPUHHAas
OnNyxosib N3 MnaparaHrMOHapPHbIX KNETOK, MU-
rpaums KOTOpPbIX MPOUCXOAUT U3 HEPBHOMO
rpebHs B nepmopg, BHYyTPUYTPOOHOro pa3BuTuS.
YuntbiBass CKpbITOE TeyeHue 3abosieBaHus,
CUMMTOMbI, CXOAHble C 6OMbLLUNM KOJIMYECTBOM
nMaTonornii, AMarHoCcTrka naparaHrivom Lieu,
haxe B HacTosllee BpeMsl, UMeeT BbICOKUN
nMpoueHT owndok — 0o 25-90%. PenkocTb naH-
Horo 3aboneBaHus W, Kak cneacTeve, mManas
OCBEOOMJIEHHOCTb Bpayen Takxke npuBOaUT
K HECBOEBPEMEHHOW NOCTAHOBKE AMarHo3a.

“30on0TbIM CcTaHOapPTOM” B AMArHOCTUKE
aBngeTca aHrmorpadua 6paxvouedanbHbiX
apTepuin ¢ BbINOJIHEHMEM MI0OCKOOETEKTOPHOM
komnbtoTepHowm Tomorpadum (MOKT), neMOoH-
CcTpupyoLwaa o6beM, pacnosioXeHNe U BacKy-
napusaumio onyxonu (puc. 1B, ). Xupyp-
rMYeCcKoe JIe4YEHME OCTaEeTCs MaBHbIM METO-
OOM fnle4eHunst faHHom natonorun. NpnmeHeHve
3HO0BACKYNAPHON aMO0oM3aumm onyxonun Ka-
poTnagHoro rmomyca I-lll Tmna cHmxaeTt nHTpa-
ornepaumoHHYIO KPOBOMNOTEPIO, B TO BPEMS Kak
npun IV Tune (onyxonu 60fblUMX pPa3MepoB)
amMbonnsaums conpsikeHa ¢ BbICOKMM PUCKOM
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Puc. 1. a, 6 — HopMasibHbIe aHTMOrPaMMbl COHHbIX
B, I — @HIMOrpaMmbl ONyxXoau KapoTUAHOroO rinomyca.

OCJIOXXKHEHUN — Murpaumein amM60s10B B pPSAOM
pacnosioXxeHHsble cocyapl (1-7).

Onsa noHMMaHua ocobeHHOCTeNr aHrmorpa-
dunyeckom KapTUHblI rnomMyca Heobxoanumo
3HaTb ero Npupoay U PEHTreHIHO0BACKYNsAP-
Hyl0 aHaToMuIO OpaxuouedanbHbiXx apTepUi.
XemopgekToma BTOpasd No pasmepy OnyxoJsb
nocne MO3roBOro BelLecTBa HaOMOYE4YHMKOB.
AHaATOMMYECKN 9TO KPaCHOBATO-KOPUYHEBOIO
LuBeTa OBaJibHOM GOpPMbl CTPYKTypa OKOJI0
3-5 MM, okpyxeHHas dUOPO3HOWM Karcynoun,
BecoM MeHee 15 Mr. B nutepartype pacnosno-
XEHNE XeMOLEKTOMbl YKa3aHO B aBEHTULUN,
paoomMm c 6udypkaumen COHHOM apTepumn, HO

apTepun nauyeHTa T. B padHbIX MPOEKUUSX;

HEKOTOpPbIE XMPYPr ONUCLIBAOT €ro Haxoxae-
HMe K nepudepumn B TKAHAX, MPUMbIKAKOLLNX
K anBeHTUuuK (8, 9).

Momycbl NpoayLMPYIOT ONOreHHbIE aMUHbI,
pearmpyloT Ha uamMmeHeHmne KoHueHTpauuun O,,
CO,, pH kpoBu n nepegatoT nHpopmaumno 0d
3TOM B OynbbapHble LLeHTPbI FOJIOBHOMO MO3ra
(10-13). MNpn HU3KOV KOHLLEHTPALMM KNCITOPO-
0a UMNyJSibCbl C NaparaHrimeB CTUMYIMPYIOT
BO30YyXOEeHME OblXaHWs, NOBbILLIEHWE Konunde-
CTBa LMPKYIMPYIOLLNX 3PUTPOLIMTOB, NOBbILLE-
HMEe apTepuanbHOro AaBfieHus, a Takxke NOBbI-
LeHne cekpeuun aapeHOKOPTUKOTPOMHOro
ropMoOHa, MIOKOKOPTUKOWAOB, agpeHannHa u

Pornb aHrnorpagum paxviouedasibHbix apTepuii v riockoaeTektopHori KT
B ANArHOCTUKE METacTaTtudeCcKkmx y3J10B LLUEW W ONyXOJIM KapoTuaHOro riiomMyca
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Cxema 1. Cxema BapMaHTOB POCTa KapOTUAHbIX NaparaHrnom no J1.A. AtaHacsHy (1967).

nHcynuHa (2, 14—16). Ha ocHoBaHuKM OTKPbITUS
XEMOPELLENTOPHOM YHKUUN HexpoMadPUH-
HbIX MaparaHrianes, B YaCTHOCTU KapOTULHOro
Tenbua, Muligan B 1950 r. npeanoXun TepMuH
“xemogekToma” (hemia — pacTtBop, dechtestai —
BocnpuaTre). Momyc xapakrepuayeTcs 06uib-
HOWM CETbIO MPEeKanuiyIgpoB M KanuindpoB OT
apTepuasibHbIX BETBEN HAPYXHON, BHYTPEHHEN
nnn 6udypkaunm obuien CoHHom apTepuii (17).
VIHHepBupyeTCcsa rMoMyC TPEMS UCTOYHUKAMM:
ramus sinus carotici nervi glossopharyngei,
ramus glomi carotici nervi vagi v rami pharyngei
nervi vagi. 913bIKOrnoTo4Hbli HepB (IX) pearun-
pyeT Ha U3MEHEHUSA NapunanbHOro AaBsieHUs
YIrMeKncnoro rasa u Kkmcnopoga, nepenaeT vH-
dopmaumio K ApyrMM yyaCcTkamM LEHTPasibHOMN
HepBHOW cmncTembl (18).

XemMogekTomMma BCTPeYaeTCca cpean BHEOpP-
raHHbix onyxonen wen B 0,5-0,9% cny4aes
(19). OgHako cpeau HEBPOTEHHbIX OMyXOosen
weun Ha ux gonto npuxoamtca 37% (19, 20).
Poct xemogekToMm umeeT crnegylouwime 0cCo-
OEHHOCTU: 3HauyuTenbHas WHGUNLTPaALNUSA
6nusnexawmx TKaHewn, CKJIOHHOCTb K LMpPKY-
JNISPHOMY POCTY M 06pacTaHuio COHHbIX apTe-
pun, TEHOEHUUA K pacnpocTpaHeHuto BOOJb
COCYyAMCTOro nyyka K OCHOBaHWIO 4epena
(4, 14, 20-24). PasgeneHune KapoTUAHbIX IMO-
MYCOB NPOUCXOANT B 3aBUCUMOCTU OT Pa3HbIX
dakTopoB, a Takxke OT NPUYNH Pas3BUTUS: CMNO-
pagndeckue, CeMenHble, runepnaacTnye-
CKMe; OT M’MCTOJIOMMYECKOr0 CTPOEHUS: aHIUNO-
MaTO3Hble, aNbBEOJIAPHbLIE, CMELLUAHHbIE, aTu-
MUYHbIE; OT B3aMMOAENCTBUSA C OKPY>KAOLLVMMN
TKaHSIMU: HEVMHBA3WBHbIE, TOKANIbHO MHBA3UB-
Hble, MHBa3VMBHbIE.

Knaccudpukaums TtonorpadoaHaToMmye-
CKNX OCOOEHHOCTEN OMyxoau raomMyca U COH-

HbIX apTepui, npegsoxeHHas J1.A. ATaHacaHOM
B 1967 ., nony4nna Hanbonbllee pacnpocTpa-
HEHME N 3akJloHaeTcs B BblaeneHun 4 Bapu-
aHToB (cxema 1): 1 — onyxonb pasgBuraet
B CTOPOHbI HAPYXHYIO 1 BHYTPEHHIOI COHHbIE
aptepuun (40%); 2 — onyxonb B BUAEe MyPpThl
OXBaTblBAET HAPYXHYI COHHYIO apTeputo
(15%); 3 — onyxosib OXBaTbIBAET BHYTPEHHIOO
COHHYI0 apTepuio (5%); 4 — onyxosib OXBaThbl-
BaeT Oudypkauuo obLIEeNn COHHON apTepun
n obe ee BetBu (40%). Ita knaccudunkaums
rnonayymsna WmMpokoe pacrnpoCcTpaHeHNe B Ha-
e cTpaHe.

W.R. Shamblin un coaBT. B 1971 . npeano-
XU BbloenuTb 3 Tuna onyxonu (cxema 2):
“manasa” onyxonb uau | TMn, — OoNyxofib TECHO
cornpukacaeTcsi CoO CTeHKaMn 00eux COHHbIX
apTtepuin, padmep onyxonu (B guameTpe) Oo
2,5 cm; “Oonbluas” onyxonb, KOTOpas BKJOYa-
eT Il n Il TN, — onyxonb HaxXoOMUTCS B MJIOTHOMN
CNassHHOCTW C a[BEeHTauMen COHHbIX apTepui
(yoaneHue pacueHMBaeTCs Kak TPyAHOBLINOSI-
HUMOE), pasmepom > 2,5c¢cm, Ho < 5c¢cm — Il Tnn,
OnMyXo0Jib NMOJIHOCTbIO OKYTbIBAET COHHbIE apTe-
pun, paamep > 5 cm — Il Tnn.

CMNTOMbI JaHHOW Onyxoan MOoOryT ObiTb
pas3nnyHble. B 6onbLIMHCTBE ClydYaesB — 3TO Ha-
Nin4me onyxonu v ee yBesIM4EHMe B pasmepax.
K MeCTHbIM CMMATOMaM MOXHO OTHECTU OMUC-
darmio, oxpunaocTb roaoca, CTpugop, rofo-
BOKPYXXeHue, napanmy YepenHbix HEpBOB, bpa-
avkapauto, “ckadkmn” pasneHud. Npu nanbna-
umm onyxonun obpataeT Ha cebs BHUMaHMe To,
4YTO OHa CMELLAETCSH MO FOPU30HTaNM, HO HE Mo
BEPTUKAIM, a TaKXe OLLyLlaeTcs nynbcauums,
rnepepatrouLasacs oT COHHOM apTepun.

Ha nepBom aTane npu dudmkanbHoOM 00-
cllegoBaHUU OT/IMYUTE XEMOLEKTOMY U JINM-
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Cxema 2. Cxema aHaTomumyeckon knaccudumkaumum xemogekrtom no W.R. Shamblin n coast. (1971).

doyzen 3aTpyoHUTENBHO. YNbTPa3ByKOBOE UC-
cnepgoBaHume (Y3WM) COHHbIX apTepuin NO3BOJSI-
€T BbISBUTb 10KaIM3aLuo ONyxonun, CTPYKTYPY,
cTeneHb BacKyaapu3aumm 1 3anogo3puTb AaH-
HYIO NaTONOrMi0, MO3TOMY Yalle BCErO NepBbiM
3BEHOM B MOCTaHOBKE JgmarHosa SsBASKOTCS
Bpa4u yNbTPa3BYKOBbIX MeTonoB. Komnbio-
TepHada Tomorpadpua (KT) n marHUTHO-peso-
HaHcHasa TomMorpadus aBnSOTCS CTaHOAPTOM
npy ANarHOCTUKE XeMOAEKTOMbI (puc. 2B, 3).

XapakTepHble 0COOEHHOCTM OMyXO0JIn KapoTu,-
HOro rmomMyca — 9TO NokKanu3aums U 3epHu-
cToCcTb (Mo Tuny “conb u nepey”) Ha T1-
B3BELLUEHHbIX NU300paXXeHUsX.

YynTblBasi BbICOKMIM PUCK KPOBOTEYEHUS U/
AN NOBPEXAEHUS BETBEN YeperHbIX HEPBOB,
npoBefeHne NyHKLUMOHHOW BUONCuUn He peko-
MeHOO0BaHO (25), omMarHoCcTnka OCHOBbIBAETCS
Ha 3aK/IIOYEHUN KIIMHUYECKOM KapTWHbI, OaH-
Hbix Y3W, Tomorpadpum n aHrmorpapum 6pa-

Puc. 2. a - NAKT nauuventa T.; 6 — 3D-pekoHcTpykumst KT ¢ BHYTPMBEHHbIM KOHTpPACTMPOBaHMEM MauveHTa T.;

B — 3D-pekoHcTpyKkums KT ¢ BHYTPUBEHHbLIM KOHTPACTMPOBAHMEM OMyX0JM KaPOTUAHOrO romMyca.

Ponb aHrnorpagum paxvoledasibHbix apTepuii v rniockoaetektopHori KT
B ANAarHOCTUKE MEeTacTatudeCcKkux y3J10B LLUEW W ONYXOJI KapoTUAHOro riomyca
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Puc. 3. a - KT-kapTuHa naumeHTa c Ornyxosiblo KapoTUAHOrO rMOMyca B ropn30oHTaIbHOM cedeHunn; 6 — KT-kapTuHa
naumMeHTa ¢ OnyxoJibio KAPOTUAHOMO rMIOMYCa B CarMTTaibHOM CeYEeHUN.

xmouedanbHbiX apTepuin C BbINOJIHEHNEM
MAOKT (26-29). OCHOBHbIM METOAOM JIEHEHUS
XEMOOEKTOM SIBIIETCH XUPYPrnyeckoe neve-
HMe, KOTOpPOe MNPOTMBOMOKa3aHO Npu obLWKnp-
HOWM AMCCEMMHALMM OMYXOJIN N HaIM4Yum otaa-
JIEHHbIX METacTal30B. Jle4eHne XxemMoOeKTOMbI
TOJIbKO JNTy4eBON Tepanuen ManosadPeKTUBHO.
B nocneonepaunoOHHOM nepuoae HasHavawT
JIY4EBOE JIeHeHMe Ha NoXe yaaneHHOM Onyxosnu
(27, 30, 31).

AHrnorpadpus bpaxmouedanbHbiXx apTepun
JaeT LOCTaTOYHO BbICOKYK TOYHOCTb B AMarHo-
CTUKE KapoTUAHOW XeMOOEKTOMbI, HO Kak
ObITb MPU €e HETUMUYHOW aHrnorpaduUyeckon
kapTnHe? [MpencrtaBnsgemM KAMHMYECKOE Ha-
6nogeHne naumeHtTa C rUMNOBACKYNSAPHOMN
XEMOLEKTOMON.

KnuHuyeckoe HabnogeHne

MauymeHT T., 64 ropa. Poct 172 cm, macca Tena
64 «r, nHaekc Mmacckl Tena 21,6 kr/m?, nnowanb no-
BepxHocTu Tena 1,75 m2, TemnepaTtypa tena 36,6 °C.

AHamHes: B anperne 2024 r. ne4yeHne y ctTomarto-
nora (ymaneHue 3yOOB HUXHEN 4eniocTu), B Mae
2024 r. 3ameTun yBenunyeHme, OONE3HEHHOCTb
B NMog4ventocTHor obnactun cnpasa (numdoysen?).
B vioHe 2024 r. nosiBunocb obpa3oBaHne nopg, A3bl-
koM. ObGpaTuicsa K Bpady Mo MecTy XWUTeNbCTBa,
pekomeHaoBaHa aHTMbakTepuanbHas Tepanus Ha
doHe KOTOPOW OTMETUINT YMEHbLUEHNE NOAHENOCT-
Horo numdoyana crnpasa. AbcLecc NoabA3bIHHOMO
npocTpaHcTBa cnpasa? B nioHe 2024 r. — BCKpbITUE
M JpeHupoBaHue abcuecca MosocTu pTa.
HanpaBneH B LieHTp ambBynaTOpHOM OHKONOrm4ye-
ckor nomowy. Mpun Y3U: ynbTpa3BykoBble NpU3Ha-
KW WenHom numdageHonaTmm ¢ AByxX CTOPOH, naTo-

nornyeckmin wemnHole numdoysen cnesa (lIA ypo-
BeHb). oA yNbTpa3BYyKOBbLIM KOHTPOJIEM BbINOJIHEHA
TOHKOWrosnbHas acnupaumoHHas éuoncus (TAB) 06-
pa3oBaHus B Npoekuumn budypkaumm COHHOM apTe-
puu cneea, uMTorpaMmma: B noslydEHHOM Matepuane
€OVHNYHbIE TPYMMbl OMYyXONeBbiX MNOINMOPPHbIX
KNeToK C AereHepaTtuBHbIMU U3MEHEHUSIMU, HEKO-
TOpble C WHK/3USAMU: pak CJIIOHHOW >Xenesbl?
The Milan System for Reporting Salivary Gland
Cytopathology - V, nogo3peHne Ha 3n10Ka4eCTBEH-
HYIO OMNyxosib. JHAOCKOMMYECKOE WCCrenoBaHme
xenyaka B nioHe 2024 r.: NOBEPXHOCTHbIM racTpuT.
NapwuHrockonusa B utone 2024 r.: XpOHUYECKUIA na-
puHrut. MoeTopHoe Y3U numdoysnos wen B uione
2024 r.: ynbTpa3BykOBble Npu3Haku Bonee xapak-
TEPHbI O/ BTOPUYHOrO nopaxeHua (meTacTas);
TAB, umTorpamma cCoOTBETCTBYET METACTATUHECKO-
My paky. MNM3T/KT B aBrycte 2024 r.: egViHNYHbIN
BEPXHUIN APEMHbIN NMM@OY3€eN crieBa pasmMepamm
17 x 12 mm. KT wewn B aBrycte 2024 r.: B KapoTua-
HOM MpoCTPaHCcTBE B 06s1acTy 6udypkaumm obLen
COHHOW apTepun runepBackynsspHoe obpasoBaHue
OBaJsIbHOM GOPMbI C HETKMMM KOHTYPaMM pasmepamim
00 18 X 14 MM, TECHO NPUNEXUT K HAPY>KHOW COHHOM
apTepum 6osiee 4em Ha 180°, K BHYTPEHHEN COHHO
apTepun meHee 4yem Ha 180°, pasgBuraeT nx, Bepo-
STHO, COOTBETCTBYET KApOTWAHOM NaparaHrimmome
(puc. 26, 4a, 6). MauneHT HanpaBneH B OoTaeneHne
onyxonemn rosioBbl U LWen OHKOJIOMMYEeCKOro LeHTpa
Ne1, KB umenn C.C. tOguHa ona guarHoOCTUKU U ne-
YeHUs1 ¢ AnarHo3oM: MeTacTtas B NMM@Ooy3sbl e
cnesa 06e3 MepBUYHO BbIIBNEHHOro o4ara?
KapotngHaa naparaHrnmoma? ConyTCcTBylOWME
3aboneBaHuvs: rmnepToHnyeckas 6onesHo Il ctagun,
KOHTpoNupyemMasa aptepuanbHasa runeptensuns, M
2A, puck 4. AtepocknepoTtudeckas 60ne3Hb cepaLua.
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MBC: cteHokapams HanpskeHns 1l pyHKUMOHANbHO-
ro knacca (PK), XCH 1, ®K Il. XpoHnyecknii noBepx-
HOCTHbIV racTpuT, CTaansi PEMUCCUN.

Mpu nanbnaumm Ha wee NMM@POY3sbl YETKO He
onpenensTcs, NPy 0OCMOTPE NOSIOCTU pTa: Tpuama
HET, MOABMXHOCTb $13blka COXPaHeHa, cnuaucrtas
po3oBas, rnagkasd, 6e3 nNpu3HakoB OMyxXONeBOro
pocTa, Ha C/IM3NCTON AHa NoMoCTU pTa crnpasa no-
cneonepaunoHHbin pybey, 4o 10 mm, 6e3 npusHa-
KOB OMyX0JIEBOro pocTa.

Ha koHcunmnyme: yunTbiBasg pacxoxneHve OaH-
HbIX PEHTFEHOJIOMNMYECKUX METOA0B, C OOHOM CTOPO-
Hbl, U YNbTPA3BYKOBbIX MPU3HAKOB N LMTONOIMMN —
C OpYyrown, Obl10 PELLEHO BbIMNONHUTL aHrnorpaduio
COHHbIX apTepuii cnesa ana auddepeHumansHom
LOMarHOCTUKN 1 onpegeneHns ganbHenwen TakTuKn.

Mpwn aHrmorpadurm CoOHHbLIX apTEPUIN CreBa, Bbl-
nonHeHHowW Ha annapate Philips Azurion 7 M20
C KOHTpacTHbIM BewlecTBOM omHunak 350, Bu3ya-

NIN31POBaHbl 06LLAsA, HAPYXHAst U BHYTPEHHASA COH-
Hble apTepumn, obpaszoBaHMe B Npoekunm budypka-
LM HE ONpeaenseTcs, TakkKe HE BbISBIEHbI COCY-
Obl, nuTalowue [aHHylo 30HY (CcMm. puc. 1). Ong
MCKJIlO4YEHNST OWKnBKM aHrmorpaduyeckoe uccne-
[OBaHVE BbIMOJIHAMOCH B Pa3HbIX NPOEKLUUSIX, B TOM
yucne ¢ ucnonbdoBaHvem MOKT (cm. puc. 2a).
MpuHATO peweHne, 4To 06pa3zoBaHME MArKUX TKa-
Heln Wen He xeMmoaekToma, a numdoysen. B aHrmo-
rpacpuyeckon onepauroHHOW noAd ynbTPa3BYKO-
BbIM KOHTPOJIEM C OOMNMJEPOBCKUM UCCELOBAHU-
eM (puc. 5) BbinonHeHa TpenaH (cor) 6uoncus,
rnoJlydyeHbl cTonOubl TKaHn 6enecoBaToro LBeTa —
2 ctonbua. MNMocne 6Gmoncun BbINOIHEHA KOHTPOSb-
Has aHrnorpadus COHHbIX apTepuin cnesa (Ha CTo-
poHe 6uoncun), MNpPU3HAKOB MapaBas3anbHOro
pacnpoCTpaHeHns KOHTPACTHOIO BELLECTBA HE Bbl-
aBneHo. MNauneHT B yOOBNETBOPUTESIBHOM COCTOSI-
HUN NepeBefeH B nanaTy, BbIMMCaH Ha 2-11 AEHb.

Puc. 4. a — KT-kapTuHa nauueHTa T. C Onyxosbio KapOTUAHOrO rOMyca B FrOpU30oHTalbHOM ceveHunn; 6 — KT-kapTuHa
nauueHTa T. C OnyxoJibio KAPOTUAHOMO rMOMYyCa B CarnTTajibHOM CEYEHUN.

Puc. 5. a - Y3 ¢ gonnnepoBckuM nccnegosaHnem naumeHTta T.; 6 — Y3 ¢ gonnnepoBCcKUM UCCeaoBaHneM naum-

€HTa C ONyXO0J1bl0o KapOTUAHOro rmomyca.

Ponb aHrnorpagum paxvoledasibHbix apTepuii v rniockoaetektopHori KT
B ANAarHOCTUKE MEeTacTatudeCcKkux y3J10B LLUEW W ONYXOJI KapoTUAHOro riomyca
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MMcTonornyeckoe 3aktoyeHne: annTenmomnaHo-
KeTo4yHasa 35lokayecTBeHHas onyxosfib B numdatu-
4eckoM y3Jie Lewn, ANnsg yTOYHEeHUS T’MCToNorM4ecko-
ro TMna matepuan HanpasfieH Ha UMMYHOIMCTOXM-
Muyeckoe nccnegosaHue (UMX).

NIX: B onyxoneBbIX KNeTkax BblpaXkeHHasi uTo-
niasmaTmyeckas rpaHynapHasa peakuuss ¢ a/a
Kk Synaptophysin (clone MRQ40 Cell Marque Corpo-
ration USA), Chromogranin-A (clone LK2H10
Ventana), CD56 (clone 123C3 Ventana), S100 (clone
4C4.9 Vemtana) — npusHaky meTacTtasa naparaH-
rTIMOMBbI.

3akJiioyeHue

JdaHHoe knnHmyeckoe HabnogeHue noka-
3blBaET CJ/IOXHOCTb AnddepeHymanbHOn guar-
HOCTUKWM OMyX0NY KapoTUAHOro rinomyca v me-
TactaTM4eckoro numMmdaTmyeckoro ysna wew,

Introduction

The tumor of the carotid glomus belongs to
the paragangliomas — it is a neuroendocrine
tumor of paraganglionic cells, whose migration
occurs from the neural crest during intrauterine
development. Given the latent course of the
disease, the symptoms are similar to a large
number of pathologies, the diagnosis of
paragangliomas of the neck, even at present,
has a high percentage of errors up to 25-90%.
The rarity of this disease, and as a result, the
low awareness of doctors, also leads to an
untimely diagnosis.

The “gold standard” in diagnosis is
angiography of the bracheocephalic arteries
with PDCT, demonstrating the volume, location
and vascularization of the tumor (Fig. 1 c, d).
Surgical treatment remains the main method
of treating this pathology. The use of
endovascular embolization of type I-1ll carotid
glomus tumors reduces intraoperative blood
loss, while in type IV, large tumors, embolization
is associated with a high risk of complications -
migration of emboli into nearby vessels (1-7).

To understand the features of the
angiographic picture of the glomus, it is
necessary to know its nature and the X-ray
endovascular anatomy of the bracheocephalic
arteries. Chemodectoma is the second largest
tumor after the adrenal medulla. Anatomically,
it is a reddish-brown oval-shaped structure of
about 3-5 mm, surrounded by a fibrous capsule
weighing less than 15 mg. In the literature, the
location of the chemodectomy is indicated

OCHOBBbIBAACb Ha AaHHbIX Y3W wenHbIX TMdo-
y3710B 1 MArkux TkaHewn, KT ronosbl n wewun
a TakXke BbINOJHEHUN PEHTreHoaHrnorpadpun
OpaxmoLedarnbHbIX apTepuil.

'mMcTonornyeckoe 3akiyeHne ¢BJFeTCSH
Hambonee NOCTOBEPHbIM, HO U OMAaCHLIM Me-
TOOOM, Y4UTbIBAA PUCKN KPOBOTEYEHUSA U HE-
BpoJiornyeckue paccrporvicTtea. lposeneHue
TpenaHobuoncuy nopn yJbTPasBYKOBbIM KOH-
TponemMm u aHrmorpadpuun apTepuin rosoBbl
n wen ¢ NAKT cHuxaeT gaHHbIe PUCKU U MO-
3BOJIIET NMPaBUIIbHO YCTAHOBUTb ANArHO3.

Ha HayanbHbIXx 3Tanax OMarHOCTUYECKOro
rnoncka Takme nauueHTbl He cpaldy MOryT no-
napatb K Bpady-oHKoJIOory, Hambosiee 4acTto
MepPBMYHbIM 3BEHOM SABMAIOTCHA Bpadu-Tepa-
MeBTbl, Bpayn cepaevyHO-COCYANUCTLIE XUPYPIU,
Bpavn PEHTreH3HO0BACKYNAPHbIE XUPYPTIA.

in the adventitia, next to the bifurcation of the
carotid artery, but some surgeons describe
its location to the periphery in tissues adjacent
to the adventitia (8, 9).

Glomuses produce biogenic amines, react
to changes in the concentration of O,, CO,,
and blood pH and transmit information about
this to the bulbar centers of the brain (10-13).
At low oxygen concentrations, impulses from
the paraganglia stimulate the excitation of
respiration, an increase in the number of
circulating red blood cells, an increase in blood
pressure, as well as an increase in the secretion
of adrenocorticotropic hormone, glucocorti-
coids, adrenaline and insulin (2, 14-16). Based
on the discovery of the chemoreceptor function
of non-chromaffin paraganglia, in particular
the carotid body Muligan in 1950. He proposed
the term chemodectome: hemia — solution,
dechtestai - perception. The glomus is
characterized by an abundant network of
precapillaries and capillaries from the arterial
branches of the external, internal or bifurcation
of the common carotid artery (17). The glomus
is innervated by three sources: ramus sinus
carotici nervi glossopharyngei, ramus glomi
carotici nervi vagi and rami pharyngei nervi
vagi. The pharyngeal nerve (IX) reacts to
changes in the partial pressure of carbon
dioxide and oxygen, transmits information to
other parts of the central nervous system (18).

Chemodectoma occurs among non-organ
neck tumors in 0.5-0.9% of cases (19).
However, among neurogenic neck tumors, they
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Fig. 1. a, b — a normal angiogram of the carotid arteries of patient T. in different projections;
c, d — an angiogram of a tumor of the carotid glomus.

account for 37% (19, 20). The growth of
chemodectomy has the following features:
significant infiltration of nearby tissues,
a tendency to circular growth and fouling of the
carotid arteries, a tendency to spread along the
vascular bundle to the base of the skull (4, 14,
20-24). The separation of carotid glomuses
occurs depending on various factors, as well as
on the causes of development: sporadic,
familial, hyperplastic; from the histological
structure: angiomatous, alveolar, mixed,
atypical; from interaction with surrounding
tissues: non-invasive, locally invasive, invasive.

The classification of topoanatomical features
of glomus and carotid artery tumors proposed
by L.A. Atanasyanin 1967 was most widespread
and consists in the allocation of 4 variants
(Scheme 1): 1 — the tumor pushes the external
and internal carotid arteries apart (40%); 2 —
the tumor in the form of a clutch covers the
external carotid artery (15%); 3 — the tumor
covers the internal carotid artery (5%); 4 — the
tumor covers the bifurcation of the common
carotid artery and both its branches (40%).
This classification has become widespread in
our country.

Pornb aHrnorpagum paxviouedasibHbix apTepuii v riockoaeTektopHori KT
B ANArHOCTUKE METacTaTtudeCcKkmx y3J10B LLUEW W ONyXOJIM KapoTuaHOro riiomMyca
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Scheme 1. Scheme of growth variants of carotid paragangliomas according to L.A. Atanasyan.
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Scheme 2. Scheme of anatomical classification of chemodectomes by W.R. Shamblin et al. (1971).

W.R. Shamblin et al. in 1971 proposed to
distinguish 3 types of tumors (Scheme 2):
“small” tumor or Type | — the tumor is in close
contact with the walls of both carotid arteries,
the size of the tumor (in diameter) is up to
2.5 cm; “large” tumor which includes type Il and
Il = the tumor is in dense solidity with the
advent of the carotid arteries (removal is
considered difficult), size > 2.5 cm, but < 5 cm
is type Il, the tumor completely envelops the
carotid arteries, size > 5 cm is type lll.

The symptoms of this tumor may be different.
In most cases, this is the presence of a tumor
and itsincrease in size. Local symptoms include

dysphagia, hoarseness of voice, stridor,
dizziness, cranial nerve paralysis, bradycardia,
pressure “jumps”. When palpating a tumor,
attention is drawn to the fact that it shifts
horizontally, but not vertically, and there is also
a pulsation transmitted from the carotid artery.
At the first stage, it is difficult to distinguish
between a chemodectomy and a lymph node
during a physical examination. Ultrasound
examination of the carotid arteries allows you to
identify the localization of the tumor, the
structure, the degree of vascularization and
suspect this pathology, therefore, most often
the first link in the diagnosis is the doctors of
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Fig. 2. a- FD-CT of patient T.; b — 3D CT reconstruction with intravenous contrast of patient T.; ¢ — 3D CT reconstruction

with intravenous contrast of carotid glomus tumor.

Fig. 3. a — CT is a picture of a patient with a carotid glomus tumor in horizontal section; b — CT is a picture of a patient

with a carotid glomus tumor in sagittal section.

ultrasound methods. Computed tomography
and magnetic resonance imaging are the
standard for the diagnosis of chemodectomy
(Fig. 2 In, Fig. 3). The characteristic features of
a carotid glomus tumor are localization and
granularity (according to the “salt and pepper”
type) on T1-weighted images. Taking into
account the high risk of bleeding and/or
damage to cranial nerve branches, puncture
biopsy is not recommended (25), diagnosis is
based on the conclusion of the clinical picture,
ultrasound examination, tomography and
angiography of the bracheocephalic arteries
with PDCT (26-29). The main method of
treatment with chemodectomy is surgical

treatment, which is contraindicated in cases of
extensive tumor dissemination and the
presence of distant metastasTaking into
account the high risk of bleeding and/or
damage to cranial nerve branches, puncture
biopsy is not recommended (25), diagnosis is
based on the conclusion of the clinical picture,
ultrasound examination, tomography and
angiography of the bracheocephalic arteries
with PDCT (26-29). The main method of
treatment with chemodectomy is surgical
treatment, which is contraindicated in cases of
extensive tumor dissemination and the
presence of distant metastases. Isolated
radiotherapy for chemodectoma is not very

Ponb aHrnorpagum paxvoledasibHbix apTepuii v rniockoaetektopHori KT
B ANAarHOCTUKE MEeTacTatudeCcKkux y3J10B LLUEW W ONYXOJI KapoTUAHOro riomyca
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effective. Radiotherapy of the excised tumor
bed is indicated postoperatively. (27, 30, 31).

Clinical case

Patient T., born in 1954, 64 years old. Height 172
cm, body weight 64 kg, BMI 21.6 kg/m?, body
surface area 1.75 m2, T - 36.6 °C.

Anamnesis: in April 2024, during dental treatment
(removal of mandibular teeth), in May 2024, | noticed
an increase, soreness in the submandibular area on
the right (lymph node?). In June 2024. there was an
education under the tongue. | went to a doctor at my
place of residence, antibacterial therapy was
recommended, against which | noted a decrease
in the submandibular lymph node on the right.
An abscess of the sublingual space on the right?
In June 2024 - opening and drainage of an abscess
of the oral cavity. Sent to the CAOP. With ultrasound,
there are signs of cervical lymphadenopathy on both
sides, pathological cervical lymph nodes on the left
(level 1l1A). Under ultrasound control, a TAB of
formation in the projection of the carotid artery
bifurcation on the left was performed, a cytogram —
in the obtained material, single groups of tumor
polymorphic cells with degenerative changes, some
inclusions: salivary gland cancer? The Milan System
for Reporting Salivary Gland Cytopathology - V,
suspected malignanttumor. Endoscopic examination
of the stomach in June 2024 - superficial gastritis.
Laryngoscopy in July 2024 - chronic laryngitis.
Repeated ultrasound of the lymph nodes of the neck
in July 2024 — ULTRASOUND signs are more typical
for secondary lesions (metastases); TAB, cytogram —
corresponds to metastatic cancer. PET CT scan in
august 2024 - single superior jugular lymph node on

the left 17 x 12 mm. CT scan of the neck in August
2024 — in the carotid space in the area of bifurcation
of the common carotid artery, an oval-shaped
hypervascular formation with clear contours up to
18 x 14mm, closely adheres to the external carotid
artery by more than 180 degrees, to the internal
carotid artery by less than 180 degrees, pushes
them apart, probably corresponds to a carotid
paraganglioma (Fig. 2b, Fig.4 a,b). The patient was
sent to the department of head and neck tumors of
the Oncological Center No. 1, S.S. Yudin State
Clinical Hospital for diagnosis and treatment with a
diagnosis. Metastasis to the lymph nodes of the
neck on the left without a primary lesion? Carotid
paraganglioma? Concomitant diseases: Hyper-
tension Il ct, controlled hypertension, GLP 2A, risk 4.
Atherosclerotic heart disease. Coronary heart
disease: angina pectoris of tension FC 2, CHF 1,
FC 2. Chronic superficial gastritis, stage of remission.

On palpation, the lymph nodes on the neck are
not clearly defined, when examining the oral cavity:
there is no trism, the mobility of the tongue is
preserved, the mucous membrane is pink, smooth,
without signs of tumor growth, on the mucous
membrane of the bottom of the oral cavity on the
right there is a postoperative scar up to 10 mm,
without signs of tumor growth.

At the consultation: taking into account the
discrepancy between the data of X-ray methods on
the one hand and ultrasound signs and cytology on
the other, it was decided to perform angiography of
the carotid arteries on the left for differential
diagnosis and determination of further tactics.

During angiography of the carotid arteries on the
left, performed on a Philips Azurion 7 M20 device

Fig. 4. a — CT is a picture of patient T. with a tumor of the carotid glomus in horizontal section; b — CT is a picture of
patient T. with a tumor of the carotid glomus in sagittal section.
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Fig. 5. a — ultrasound with a Doppler examination of patient T.; b — ultrasound with a Doppler examination of a patient

with a chemodectomy.

with Omnipak 350 contrast agent, the common,
external and internal carotid arteries were visualized,
the formation of a bifurcation in the projection was
not determined, as well as the vessels feeding this
zone were not detected (Fig. 1). To exclude an error,
angiographic examination was performed in different
projections, including using MPCT (Fig. 2a). It was
decided that the formation of soft tissues of the neck
is not a chemodectome, but a lymph node. In the
angiographic operating room under ultrasound
control with Doppler examination (Fig. 5), a trepan
(cor) biopsy was performed, columns of whitish
tissue were obtained — 2 columns. After the biopsy,
a control angiography of the carotid arteries was
performed on the left (on the biopsy side), there
were no signs of paravasal spread of the contrast
agent. The patient was transferred to the ward
in a satisfactory condition and discharged on the
second day.

Histological conclusion: epithelioid cell malignant
tumor in the lymph node of the neck, to clarify the
histological type, the material is directed to IHC.

IHC — in tumor cells, a pronounced cytoplasmic
granular reaction with a/a to Synaptophysin (clone
MRQ40 Cell Marque Corporation USA), Chromo-
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Transcatheter embolization of popliteal artery
as a treatment method for pain syndrome

in gonarthrosis: pathogenetic rationale

for the method and literature review
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Objectives: to conduct a review of studies on TEPA effectiveness presented in the literature; to provide
a pathogenetic rationale for this treatment method effectiveness.

Rationale. Osteoarthrosis (OA) is a serious medical and social problem as the leading cause of disability
worldwide. Due to the growth of the "elderly population” the incidence rate is constantly increasing. The main
symptom of OA is pain, which significantly reduces the quality of life of patients. Despite the extensive toolset
of treatment methods for pain syndrome, including drug therapy, physiotherapy and exercise therapy, none of
the methods provides absolute effectiveness. There is a need to find new effective minimally invasive treatment
methods, one of which may be TEPA.

Methods. In order to study pathogenesis of pain in OA and TEPA effectiveness, analysis of literature sources
based on Pubmed, Elibrary, and Google Scholar was performed.

Results. The pathogenesis of pain syndrome in OA is based on inflammation, leading to neoangiogenesis
and the development of new nerve terminals in a joint. TEPA demonstrates good results decreasing severity
of pain syndrome in patients with mild and moderate GA with a long-term effect of up to 2 years. However,
in patients with severe OA, despite significant pain alleviation one month after surgery, it subsequently returned
to baseline values, which indicates the ineffectiveness of the method in this group of patients. In addition to the
pain alleviation assessed using questionnaires, the effect of treatment on synovitis in the joint was demonstrated,
which was assessed before and after surgery using contrast MRI of the knee joint. This method is relatively
safe; no serious side effects or complications were observed after the intervention.

Conclusion. TEPA is effective and safe treatment method for pain syndrome resistant to conservative therapy.
Effectiveness of this method requires further investigations and conduction of large randomized studies.

Keywords: transcatheter embolization of popliteal artery branches; osteoarthritis; gonarthrosis; pain;
pathogenesis
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KpaTtkui Teauc

OcTteoapTpos (OA) apnseTcs 3HAYMMON Me-
ONKO-CcouManbHOM nNpobnemMon, 9Bnaach Beay-
wewnm  MnpUYNHON  MNHBANMOHOCTU  MUpE.
OcHoBHbIM cumnTomoB OA gaBnsetca 060b,
3HA4YMMO CHMXXaKLWAs Ka4eCTBO XU3HU nauu-
€HTOB. Ha cerogHsLwHmni oeHb CyLLeCcTBYET He-
06X0AMMOCTb B MOWCKE HOBbIX 3D@PEKTUBHbIX

Cnucok cokpaiwieHui

OA - ocTeoapTpos

A — roHapTpo3

TOBINA - TpackaTtetepHasa amMbonmsauuns
BETBEN NOAKOJNIEHHOW apTepun

MA — nogKoneHHas apTepus

AKTyanbHOCTb

MeTo10B NeyeHns 6onesoro cuHapoma. OgHUm
N3 Taknx MeToaoB MoXeT ctaTb TOBIA. B He-
O0NbLUOM KOJIMYECTBE UCCEO0BaHUN OaHHbIN
MEeTOo[, rnokasajél CBOK BbICOKYID 3dpPeKTmB-
HOCTb U OTHOCUTEJbHYIO 6Ee30MAaCHOCTb.

OcTteoapTpo3 (OA) — 3aboneBaHne OnopHoO-
OBUraTesibHOro annapara, SBASIOWEECs B Ha-
CTOSALLNA MOMEHT BeayLleln NPU4nNHOM MHBA-
JMOHOCTU BO BCEM MUPE.

TpaHckaTteTepHasi ambom3aLmsi BETBeV NoaKOJIEHHOM apTepun Kak MeTos e4eHmns 60/1eBoro
CUHApPOMa rNpyi roHapTPo3e: natoreHeTnyeckoe o6o0CHoBaHWe MeToza 1 0630p INTepPaTypsbl
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Mo paHHbIM MMPOBOW CTATUCTUKU, HUCIO
6onbHbIXx OA 3a nocnegHee gecaTuseTme yee-
nnyunock NoyTn B 2,5 pasa, Bo3pacTtas B cpef-
Hem Ha 600 TbiCc. yenosek B rog (1). OgHown
13 Hanbosee 4YacTo BCTPEYaIOLLMXCS ero noka-
nm3aumin  ABAGeTCa nopaxeHue KOJIEHHOro
n TazobenpeHHoro cyctaBoB. B P® roHapT-
po3om (A) n KoKcapTpo30oM CTpagaloT OKOI0
13% HaceneHua ctapuwe 18 neTt, a NpMpocT 3a-
6oneBaemoctu coctaensetr 20% B ron (2).
YuynTbiBass pacwmpeHme “noxusion nonyna-
umn”, ons KOTOpoi Hanboiee xapakTepHO AaH-
Hoe 3abonesaHue, k 2050 r. nporHo3mpyeTcs
yBenuyeHne 3abosieBaeMoCTV MPUMEPHO Ha
74,9% (3).

CoumanbHas 3HaYMMOCTb AaHHOro 3abone-
BaHMS onpenenseTcs PpOCTOM CBSA3aHHbIX C HUM
HEeTPYAOCNOCOBHOCTU, MHBANIMOHOCTU, a Takke
CHUXeHVeM KadecTBa XusHum (4). lNpesanu-
pylowum cumntomom OA asnsietcsa 605b B Cy-
CTaBe, ypOBEHb KOTOPOW HE BCeraa COOTHOCUT-
CS1 C TSXXEeCTbio 3ab0oneBaHus.

HecmoTps Ha 60/bLUOI apceHan MeTodoB
neyeHnsa 60NEBOro CUHAPOMA, KOTOPbIE BKJIO-
yaloT dbapmakoTepanuio, pusnoTepanuio n ne-
4eOHY DUIKYILTYPY, HU OOMH N3 METOOO0B He
naet abcontoTHoW apPeKTUBHOCTU. Taknm 06-
pasom, CyLlecTByeT HEOOXOAMMOCTb B paspa-
00TKe HOBbIX 3M@PEKTUBHbLIX MaSIOMHBA3MBHbIX
MeTOd0B NevyeHuss AaHHoro 3aboneBaHus (5).
OOHUM 13 TakmMx NEPCNEKTUBHbIX METOAOB SAB-
ngeTcs TpaHckaTteTepHas amMbonusauus BeT-
Bel NoaKoneHHbIx aptepuin (TOBIA).

MaTodpuauonorua 6oneBoro cUHgpomMa
npyv roHapTpo3e

KoneHHbIn cycTaB NpeacTtaBfieH COYNEHEe-
HMEeM gucTanbHOro otaena 6eapeHHON KOCTH,
npokcumanbHoro otaena 6onblebeplLoBoi
KOCTW 1 HaAKOJIEHHMKA, CyCTaBHblE MOBEPXHO-
CTWN KOTOPbIX MNOKPbITbl MManVHOBbLIM XPSILLOM,
KOTOPbIA B HOPME SBNSETCHA aBaCKyJSpPHOMN
OeckNneTo4YyHonm CTpPpyKTypon. [MpocTpaHCcTBO
MeXay CYCTaBHbIMW NOBEPXHOCTAMM 3anosiHe-
HO CYCTaBHOW XWOKOCTbIO, BblpabaTbiBAeMOW
CMHOBManbHOW obonoykoi. Ta, B CBOK oOu4e-
penb, — ABycnowvHada. lHtmuma coctonTt m3 cu-
HoBMOUMTOB A 1 B TMNOB, NepBble N3 KOTOPbIX
ABNAIOTCA Makpodaramm M BbIMONHAOT 6a-
pbepHylo dYHKLUMIO, a BTOpble — dmnbpobnacTa-
MW, CUHTE3NPYIOLWMMUN pasfinyHble OenkoBble
MOJieKy bl, HEOOXOoAUMbIE AN NUTaHUS XPaLLa
(6). CyOUHTUMANbHbLIA CAON OTHOCUTENLHO
OecK/IeTOYHbIA U COoOepPXUT KPOBEHOCHbIE
(kanunngapbl, apTepuosbl U BEHYJbI) N nMmdpa-
TUYECKME COCYAbl, & TakKXKe HEepPBHble OKOHYa-

HUA, 4TO noareepXagaeTcda npm MMKPOCKOMN-
4YeCKOM MCCreaoBaHUM CUHOBMaANbHOW 060-

JIOYKN C  UCNOJIb3OBAHUEM  PAa3JINYHbIX
Kpacutenem n UMMYHOTMCTOXMMUYECKUX Me-
TOOO0B (7).

3a nocnegHune rogpl NOSIBMIOCh MHOMO AaH-
HbIX, 0OKa3blBalOLWMX, YTO OCHOBOW MNporpec-
cupoBaHmna OA saBnsSieTCa BOCMNaneHue, Cro-
COBOCTBYIOLL,EE HEOAHTMOIEHE3Y U POCTY HOBbIX
HEPBHbIX OKOH4YaHW B cycTaBe, Toraa Kak no-
BpeXOeHWe XpaLla SBSETCSA NMLb NMYCKOBbIM
dakTopom (8).

PaspylwieHne xpsiwa akTuBmpyeT BbiOpoc
60/bLLIOr0 KONMM4YecTBa MNPOBOCHANNTENbHbIX
daKTopoB, KOTOPbIE CNOCOOCTBYIOT POCTY HO-
Bbix cocynoB. C. Wang n coaBT. BblOensoT
HECKOJIbKO CUIHANbHbIX MyTEN, OTBETCTBEHHbIX
3a HeoaHrvoreHes B CycTaBe, KOTOpblE pery-
NVpYyoT GakTop pocTa 9HOOTENUS COCYAOB
(VEGF), daktop pocta pubpodbnactos (FGF),
dakTop, nHayumpyembin rmunokcuen 1 (HIF-1),
n curHaneHbln Nyt Notch, KoTopble B3anmo-
OencTByloT Mexay cobon. HapylieHue peryns-
UMM 9TUX NyTen NpUBOANT K aHOMasIbHOMY aH-
rmoreHesy, TeM caMmbliM CNOCOBCTBYSA Nporpec-
CUPOBaHMIO MOBPEXAEHMSA xpslia U BblOpocy
60/bLLIOr0 KONMM4YyecTBa MNPOBOCHANNTENbHbIX
XEeMOKMHOB, Takmx kak IL-1B, TNF-a v gp. (9).
JencTtere nocnegHnx npuBOAMUT K anonTo3y
KN1eTOK, MOBbILLEHMIO METabOINYECKOW akTUB-
HOCTU B XpSLle, TEM CaMbIM YCKOPSIS ero ge-
reHepaumio, 41O coO3faeT nMnpoCTpaHCcTBa
ONs HOBbIX cocynoB. B peaynbrate mexny
BOCMANNTENbHOW peakuuen n aHrmoreHe3om
obpasyeTcsa NMOpPOYHbIA KPYr, B KOTOPOM BOC-
naanTeNbHble MeanaTopbl COCOOCTBYIOT aH-
rmoreHesy, a BHOBb 06pasoBaHHble KPOBEHOC-
Hble COCyObl BblAENSAIOT OOMNOJIHUTENbHbIE BOC-
nanuTenbHble MeauaTopbl, euwe 6o0nblue
ycKopss paspylleHne xpsauia. Hoeble cocyapl
npopacTaloT BO BHYTPEHHIOD 4acTb XpsALla,
M3MEHSS €ro MCXOOHYIO aBaCKyISipHYO cpeny.
OTO NPUBOAMUT K YBENIMYEHUIO OKUCINTENIBHOIO
MOBPEXOEHUS N MEPEKMCHOIO OKUCNEHUA NU-
nuaooB, ycyryonsasa pereHepauunto. JaHHbIN
dakT Obl1 AOKa3aH 3KCMEPUMEHTANIbHO: YPOB-
HW BOCMaNUTENbHOro dakrtopa B CYCTaBHOW
XMOKoCTN y Kpbic ¢ OA BblI HAMHOIO BbILLE,
4yeMm B rpynne co 300pOBbIMY CycTaBamMu, a UH-
rmbupoBaHMe aHrmoreHesa nomorano nopaa-
BUTb BOCMNANMUTENbHYIO peakuuo, orpaH141Bas
npuBAEYEeHME MMYHHbIX KJIETOK 1 NpOBOCMNa-
NTENbHBbIX MEeANaTOPOB K MECTY MOBpexae-
Hua (10, 11).

C 0aHOI CTOPOHBI, aHrMoreHe3 Mor Obl ObITb
rnosie3eH 4Jis XpsLa 1 BCEro cycrana B LEIOM,
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Tak Kak B TEOPUWN OOJ/KEH yaydllaTb OOCTaBKy
KMCNopoaa, NUTaTeNbHbIX BELLECTB 1 HGaKkTopOoB
pocTa K MeCTy MOBpPEexXaeHMsa Xpslia 1 B ero
rnybokune croun, TeM camMbiM NMoaaep>Xmeasi ero
MeTabonnyeckyto akTUBHOCTb, HEOOXOAMMYIO
0191 BbKMBAHWS M BOCCTAHOBIEHUS KJ1ETOK, 00-
neryas geneHne v MMrpauyio Me3eHxMasnbHbIX
KJIETOK, CNOCOBCTBYSA PEMOLENVNPOBAHNIO XPSi-
wa, a Takke noMoras B yoaneHum “metabonu-
YecKuUX OTX0O0B” K3 MECT MNOBpEeXOeHUs.
OaHaKo NOPOYHLIN KPYT, COCTOALLNIA N3 HEOAH-
rmoreHesa u Bbibpoca 60/bLLIOro Y1cia XeMo-
KMHOB, TOJIbKO YCYyryonseT paspylLUueHue Xpsi-
A, 4TO B KOHEYHOM UTOre NPUBOANT K 06paso-
BaHUO GUOBPO3HOKW cocyaucTor pybuoBoOi
TKaHW, KoTopas He 06nagaeT CTPYKTYPHbIMMU
N PYHKUNOHANbHLIMU XapakTepUCTUKaMn Ha-
TUBHOIO rManMHOBOro xpswa (12).

HeoaHrnoreHes n aktmeauus aHooTennasb-
HbIX KNneTok cocynoB npu OA, B CBOIO o4yepeap,
SABISOTCSA BaXKHbIM (akTOpOM, CNoCcoOCTBYIO-
MM reHepaumm 6onesbix curHanos. Miccneno-
BaHWS Mokasanu, YTo 3HOOTENNOUUTbLI Crocob-
CTBYIOT MOBbILLUEHHOM Cekpeumn pakTopa pocTta
HepBoB (NFG), KOTOpbLIN MHUUMMPYET pas3pac-
TaHWe HepPBHbIX BOJIOKOH, YCUIMBAIOLLIUX Nepu-
depuyeckyto 60neByl0  YYBCTBUTENBHOCTb,
a Takke W3MEHsSeT MNopor MHHepBauun AO1s
HelpoHoB nobnusocTtu (13). Apyrmne dakTopsl,
Takme Kak HeTPUH-1 1 MOHOUUTAPHbIN XeMOTakK-
cuyecknii 6enok-1 (CC), yyacTByiOT B pa3sutunm
6051, cnocobCTBYS NPOPaACTaHNIO aKCOHOB Ye-
pe3 cyOXoHAPasibHYK KOCTb M BbI3blBasi CEHCU-
BunmMaaumio 3agHMX KOPELLKOB CMIMHHOIO MO3ra,
4YTO 3aMblkaeT 60MEBYIO LIEMOYKY.

dakT TOro, YTO yBENIMYEHME 4YKCna KpPOBe-
HOCHbIX COCYOOB M HEPBHbIX OKOHYAHW B CYy-
cTaBe ABNSAEeTCA BO3MOXHbIM UCTOYHUKOM 6oNu
npu OA, cenekTrBHasa OKKJIO3US 3TUX COCYA0B
MOXET YMEHbLUNTb BbIPaXXEHHOCTb 00NIEBOro
CcuHOpoMa npu KoHcepBaTUBHOM nedeHnn OA
pasfinyHbIX CTagui, B TOM YMCE Y NALNEHTOB,
MMeLWMX NpOTMBOMNOKA3aHUS K XuUpypruye-
cKkoMy nevyeHuto. Kpome TOro, cenektmBHas
OKKJ1I031S1 COCYO0B MOXET YMEHbLUNTb MPUTOK
MeauaTopoB BOCMANIEHMS U MPOBOCNaNNTENb-
HbIX LMTOKMHOB (14).

SddpekTuBHocTb TIABIA
Nno AaHHbIM Pa3JIN4HbIX UCCQIeA0BaHUN
Hay4HbIX OaHHbIX, Kacatowmxcs apdeKkTmns-
HocTn TOBIA, cpaBHUTENLHO Mano, ogHako
BCE OHW WIJTIOCTPUPYIOT XOpoLume peaynbTaThl.
B xope noucka 6bno HanpoeHo 9 nccneposa-
HU, Ha4MHasa ¢ 2017 r., 0ANH U3 KOTOPbIX SABJIS-
eTcd cucrteMaTuyeckum 0630pomMm.

Bo Bcex nccnenoBaHusax ougHka 601eBoro
CMHOpOMa NMpou3Boausach C MOMOLLbIO ONPOC-
HUKOB W” wWKan, Takmx kak BALU, WOMAC
n KOOS, 3 Hux nocnegHue gBa sIBNSOTCS
cneundunyHbiM1 ONpocHMKamMmn anga oueHkn OA
KOJIEHHOro 1 TaszobenpeHHoro cyctarsoB (15,
16).

Tak, B 2017 r. BbILLIO MNPOCMEKTUBHOE KO-
ropTHOE unccnenoBaHne 3PpPeKTUBHOCTU OM-
6onmnsaumn Beteen MNA, B KOTopoe Bowio 92
KOJNIEHHbIX CyCcTaBa C JIerkumMm n ymepeHHoim OA
(1-3-m ctenenun no Kellgren-Lawrence (KL)),
conpoBoXxgarwmmcs 60/1eBbIM CUHOPOMOM,
YCTOMYMBBLIM K KOHCEpPBATUBHON Tepanuun.
ODDEKTMBHOCTDL NNIeYEHNS OLLeHBaNach 4yepes
1, 4, 6 mec, a ganee Kaxable Nonroga B Teye-
H1e 4 net. KnuHmn4ecknin ycnex onpenenssncs
cHmXeHnem 6onm no wkane WOMAC He meHee
yeMm Ha 50%. Peuname 601 Ha ypoBHe, npe-
BbiLLaowem 50% oT nepBOHavasbHOro 6anna
no wkane 6onn WOMAC v coxpaHsiloLemMcst
6onee 2 mMec, cumTancsa KIMHUYECKOW Heyna-
4yen 1N NaumeHTam npegjaranochb BbiNOJHEHME
MOBTOPHOW onepaunmn. B pesynbrate nevyenums
nccnenoBaTtensamMmy Obl1I0 OTMEYEHO CHUXEHME
cpenHero 6anna 6onu 1 obuwero Ganna no
wkane WOMAC n BALL npumepHo B 2 pasa
MO CPaBHEHUIO C UCXOAHbIM 4epe3 1 Mec,
C JasibHeNLWEeM ero CHUXEHVUEM B OANHAMUKE.
KnunHuyeckunii ycnex yepes 6 mec HabntoaeHns
coctaBun 86,3%. 13 naumeHtam notpeboa-
JNlacb NMOBTOPHAas ornepauns n3-3a HeJoCTaTou-
HOrO YMeHbLUEHNS BONN UK KPaTKOCPOYHOIro
peumamea. HeTbipe nauyieHTa Obisin NOTEPSIHBI.
KnuHunyeckunin ycnex 4yepesa 2 roga rnocre nep-
BO ambonunsaumm coctasunn 85,2% B kone-
Hax ¢ OA 1-2-in ctenenun no wkane KL n 69,8%
B konieHax ¢ OA 3-n ctenenu no wkane KL.
M3 Bcero atoro 6bInn caenaHbl BbiBOAbI, HTO
naumeHTbl ¢ Gonee TsXKenbIMU OereHepaTms-
HbIMW U3MeHeHnsiM1 cycTtaBa (cteneHb KL 3)
nokasanu 60siee HA3KYIO YacTOTy KIIMHUYECKO-
ro ycnexa 4yepes 6 Mec, 4eM NauneHTbl C fer-
KMMU n3ameHenusammn (ctenenb KL 1-2) (17).

B mpyrux wmuccnegoBaHusx ambonmsauns
TakxKe nokasana xopowue peaynbraThl. Tak,
B pPeTpOCneKkTBHOM uccnegoBaHun S.H. Lee
M COaBT. B rpyrnmne NauueHToB C JIEFKUM U1 yMe-
peHHbIM [A 0TMeYanocbh 3HA4YUTESNIbHOE KJIMHN-
4YeCcKoe YyJy4yllEHNE B BUAE CHUXEHUS YPOBHS
6onm no wkane BALL ¢ 55 no 19 yepes 6 mec,
KOTOPOE COXPaHANOCb Kak MUHUMYM 19 mec
(B panbHeWLweM nauneHTbl He Bbinu oTcnexe-
Hbl). OgHako B rpynne ¢ TsaxensiMm A, HECMOT-
ps Ha 3HauYMTeNbHOE CHWXeHue O6anna BALL
yepesd 1 Mec nocrne onepauun, B OUHAMUKE

TpaHckaTteTepHasi ambom3aLmsi BETBeV NoaKOJIEHHOM apTepun Kak MeTos e4eHmns 60/1eBoro
CUHApPOMa rNpyi roHapTPo3e: natoreHeTnyeckoe o6o0CHoBaHWe MeToza 1 0630p INTepPaTypsbl
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60neBOI CMHOPOM BO3BPAaLLANCS K Ha4aslbHbIM
3Ha4YeHUsIM. OTO CBUAOETENIbCTBYET O TOM, YTO
ambonmnsaumsa apdekTUBHa TONbKO Yy NaumeH-
TOB ¢ 1-3-11 cteneHbio OA (18). Xopolume pe-
3ynbTaThbl OblSIV NOJTYYEHbI U B APYIMX UCCNeno-
BaHuMaAX (19-21).

HepocTtaTkoM BCex 9TUX MCCNenoBaHnim ABs-
€TCs OTCYTCTBME paHaoMusauum n oukcaumm
oToaneHHbix pesynbratoB. B 2021 r. S. Bagla
M COaBT. NPOBENU nepBoe HebosbLoe paHao-
MU3VPOBaHHOE MNCClefoBaHne, B KOTOPOe BO-
wen 21 nauneHT, 14 U3 KoTopbIx OblNV paHOO-
MU3MPOBaHblI B rpynny ambonm3aumm n 7 —
B rpynny nnauebo. B pesynbraTte nccnenoBaHus
BCE MauueHTbl, KOTOpbIM Oblna Ha3HayveHa
“dukTrBHaS” npoueaypa, 4Hepes MecsL, nepeLw-
N1 B rpynny NevYeHus BBUAY COXPaHEHUS Y HUX
BblpaXKeHHOro 60/1eBOro CUHAPOMA, B TO BpeMs
KaK B rpyrnne, B KOTOPOW NpoBOAnIacbL 3MO0nu-
3auus, 4yepes 1 Mec BbIPaXeHHOCTb 60NN B KO-
neHe no wkane BALLU cHm3mnacb Ha 51 6ann,
a B rpynne nnaueobo Bcero Ha 1 6ann (22).

B 2024 r. L.R. Cusumano n coaBT. onybnmn-
KoBanu Hambonee oTaasnieHHble pesynbTaThbl fe-
yeHmsa 60U ¢ NOMOLLbID aMBONM3aun BETBEN
MA. 18 (47,4%) n3 38 nauyeHToOB NPOAEMOH-
CTpUpoOBaNu CHUXeHue cpegHero Oanna
WOMAC 4epes 24 mec nocne neyeHnda He me-
Hee yeM Ha 50% oT ncxogHoro. B nogrpynne
MauVeHTOB C MepBOHAYaIbHbIM KIMHNYECKNM
ycnexom yepes 12 mec 18 (72,0%) ns 25 co-
OBLWNIN O CTOMKOM KJIMHUYECKOM YyCrnexe ye-
pe3 24 mec. Y 7 (28,0%) n3 25 naumeHToB
Habnoganca peumans CUMNTOMOB B MHTEpBa-
ne mexay 12 n 24 mec, 4To 6bISI0 ONpeaeneHo
Kak KnmHundeckasa Heygaya (23).

HecmoTps Ha apPEKTUBHOCTb OMNPOCHUKOB
M LWIKan B KA4eCTBE MHCTPYMEHTOB [OJ151 OLLEHKMN
YpPOBHU 6051, 0COObIN MHTEpPEC NpeacTaBnseT
MCMNO/Ib30BAHNE MHCTPYMEHTasIbHbIX METOA0B
NCCneaoBaHns, CNOCOOHbIX OLEHUTb BIUSHUE
ambonmnsaumm Ha cybcTpakT 3aboneBaHus.
B ceHTabpe 2024 r. BbILWIO PETPOCMNEKTUBHOE
onucartesibHOe nccnengoBaHne, B KOTOPOM ag-
$EKTUBHOCTb TpaHCKaTeTEPHON aMbonmnsaunn
OLEHKVBaNachb He TOJIbKO K/IMHMYECKU, a Takxke
MO CHMXXEHUIO BbIPaXEHHOCTM CUHOBUTA MO
OaHHbIM MPT C KOHTPACTHbIM YCUJIEHUEM,
KoTopasi 6blia MpoBedeHa BCEM NauUMeHTam
HenocpeacTBEHHO A0 Npouenyphbl, a Takxke ye-
pe3 3 mec nocne onepaumn. Kak n B opyrmx
nccnegoBaHusX, NOCE onepaunmn y uccneaye-
MbIX OTMEYasioCb CHUXeHue GaioB Mo LkKa-
nam WOMAC un BALL. OgHako npu cpaBHEHUM
MP-TtomorpamMmm B AuHamMuke Takxe Obiin
OTMEYEHbl 3HaYUTENbHbIE pPe3ynbTaTtbl: Tak,

rnokasaTtesib  KOHTPACTHOCTU CUHOBUANILHOWN
000/104KM 00 BMelwaTenbCTBa COCTaBMUI
B cpeaHeM 5,1 MM ¢ MmeamaHom 5 Mm, K 3-mMy xe
MecsLy nocfie BMeLlaTesnbCTBa 3TOT nokasa-
Tenb MNPOLAEMOHCTPUPOBAN CTaTUCTUYECKU
3Ha4YMMOE CHUXEHVE [0 CpenHero 3HaveHus
2,9 MM C MeamaHom 2 MM, 4TO NPOAEMOHCTPU-
poBanio 3aMETHOE CHMXEHME OLLEHOK CMHOBUTA
rnocne amMbonmM3auun KONEHHbIX apTepuin y na-
umeHToB c A (24).

3anocnegHue 5 net B Poccum Takxke nosiBu-
JINCb COOBLIEHNS O NPUMEHEHNN OAHHOW Me-
Toamkm neyvenmsa. B 2021 r. .M. LWWapadytom-
HOB MpeacTaBmn 3 KJIMHUYECKNX HabnioaeHus
npumeHeHus TOBIMK y nauneHToB ¢ OA KoneH-
HOro cyctaea 3-1 ctenenm no KL n crtonkmm
60neBbIM CUHAPOMOM, He NoAAALMMCS KOH-
cepBaTMBHbIM METOL4aM JIe4YEHUS, B KOTOPbIX
Takoke JOCTUMN OTINYHBIX Pe3ynbTaToB (14).

B 2023 r. BbIlWNM pe3ynbTaTbl APYroro poc-
CUNCKOro uccnepoBaHuda, KOTOpOE MNpoBO-
amnocb Ha 6ase TpaBMartosioro-opToneanye-
CKOFrO M OTOENEHUS PEHTrEHOXUPYPIrNYECKMX
METOA0B AMArHOCTUKM 1 fiedenuns T'AY3 “OpeH-
Oyprckass obnactHas kaMHU4Yeckast 6onbHMLA
nmeHn B.V. BonHoBa” B TeyeHne roga. B Hem
npuHsano yyactme 80 maumeHTOB C roHapTpO-
3oMm |-l ctagnm no KL, ¢ 60neBbIM CUHOPOM,
YCTOMYMBBIM K KOHCEpBaTMBHOW Tepanuu.
JaHHble naumeHTbl ObIM pasgeneHbl Ha 2 paB-
Hbl€ rpynmnbl, B NepBOW rpynne Obl0 BbIMOHE-
HO BHYTPUCYCTaBHOE BBeEHME pacTBopa Ha-
TPWEBOW COMN MManypoHOBON KUCNOThI (MPOTE3
CUHOBMAsIbHOM XUAKOCTU), BO BTOPON BbIMNOJI-
Hanm TOBIA ¢ ncnonb3oBaHMeM Mukpocopep
anametpom 150-250 mkm. O6e rpynnbl 6bin
COMOCTaBUMbI MO FeHOEPHO-BO3PACTHbIM Xa-
pakTtepuctukam. OCnoXxHeHun B obeunx rpyn-
nax 3aperncTtpupoBaHo He Obino. o mano-
VHBa3VBHOIO JleyeHnsa B 06eunx rpynnax naum-
€HTOB Obl/IN BbISIB/IEHbI OOCTATOYHO BbICOKME
nokasatenu wkansl WOMAC, cBuaeTenbcTBy-
IouwmMe O 3Ha4YUTEeSNbHbIX KIMHUKO-PYHKLNO-
HaslbHbIX HapyLIEeHUSaX KOJIEHHbIX CYCTaBOB.
JlocToBEpPHbIX pasnm4ynin N0 3ToOMy NokasaTesnio
[0 NevyeHns BbisIBIEHO He Oblno. Yepes 3 mec
nauneHTbl OEMOHCTPMPOBAIN 3HA4YUTESIbHOE
yiydleHe B BUAOE OOCTOBEPHOIO CHUMXEHUS
6annoB no wkanam WOMAC wu Jlmcxonbma
B 00eux rpynnax, npM4eM y rnauyeHToB B rpyn-
ne TAQ ObINN OOCTUrHYTbl JOCTOBEPHO MEHb-
LImMe ypoBHU OAHHOW LKanbl (25).

Hapno oTMeTuTb, 4TO, HECMOTPS Ha 6OJIbLLON
06beM NaumeHToB, NONYYMBLLMX AAHHOE feye-
HMe, He OblI0 OTMEYEHO Cepbe3HbIX OCIOXHE-
Hu. Tak, coobLwanocb O rematoMe B MecTe
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[0CTyna, KpaTtkOBPEMEHHbIX 60NN N N3MEHe-
HUSA LBEeTa KOXW, Yy HECKOJIbKMX MaLUEeHTOB pa3s-
BUNacb KpaTKOBPEMEHHasi MoAoLUBEeHHasn na-
pecTes3ns U o4yarosasi 93Ba Koxu. [locnegHue
[Ba OCNIOXHEHWS, BEPOSITHEE BCEro, CBS3aHbl
C MCMNoJSIb30BaHMEM 3MOONM3MPYIOLLMX YaCTUL,
He NoAxXoAgdLLLero pa3mMepa un Heuenesom amoo-
amsaumm, 4TO OMKTYyeT HeobXxoAMMOCTb MNog-
POOHOro M3y4eHUs1 aHAaTOMUU KPOBOCHaOXe-
HUSA KOJIEHHOIO CyCcTaBa, BO3MOXHbIX aHAaTOMO-
30B MEeXAy apTepusiMm, a Takxke TLaTelbHOro
N3YYEHUSI aHTMorpamMm nepemq, BbiMOSIHEHMEM
amMboan3aunm n UCNONb30BaHKUS NOOXOAALLENO
ambonnsarta (26-28).

Ha cerooHAWwHWN OeHb BBUAOY OrpaHu4eH-
HOro onbiTa WCMONb30BaHUA 3MbonMaaunn
BeTBen A HeT eanMHOro KOHCeHcyca OTHOCU-
TeNIbHO TOro, Kakom 3amMOONU3UPYIOLWVIA MaTe-
pvnan Hanbonee 6e3onaceH U 3PPEKTUBEH.
HepaBHU MeTaaHanni cpaBHU 3OPEKTUB-
HOCTb BPEMEHHbIX M MOCTOAHHbIX 9MO0N3NpPY-
IOLLMX areHToB. Pe3ynbraTbl HE NMoKasanm 3Ha-
YUTENbHbIX Pa3NNUMiA B pesyrbraTax JIe4eHus
naunveHToB Mexay AByMms rpynnamu (29).
Ha ocHoBe paHHbIX nutepaTypbl Haunbonee
onTMMalbHbIM 1N 6e3onacHbIM NMpeacTaBnseT-
€S UICNOMb30BaHNE B KA4eCTBE 3MOONN3NPYIO-
wero martepumana Mukpocdep anamMmeTpom
100-300 mkm.

MeToauka onepauun

HecmoTps Ha HeKoTopble pasnuyns B UC-
CNnefoBaHUsSX M MUCNOJIb30BAHWE Pa3/INYHbIX
amM0b0onn3aToB, anropmuTM BbIMOJSIHEHUS onepa-
TUBHOIO BMELLATENLCTBA CTPOMUTCSA N0 oaunHa-
KOBbIM MNpuHumnam. B kadectBe poctyna ons
BbIMOIHEHMST aHrmorpadmn C nocnenylowen
ambonnsaumnein ueneBbix apTepuin BbICTynaeT
aHTerpagHbli OoCTyn 4Yepe3 obuiyio beapeH-
HYIO apTepuio C UCMONb30BAHMEM MHTPOAbBIO-
cepoB 4-6 Fr.

AHTErpagHboli 4OCTYN NPON3BOOUTCS MYyTEM
NYHKUUM MOA MECTHOW aHecTe3nen oobuen
6enpeHHOn apTepun Nog, PEHTFEHOBCKUM UK
yNIbTPa3BYKOBbIM KOHTponem. [locne kartete-
pur3auu BbINOJHAETCS aHrnorpadusa HUXKXHEN
TpeTu NOBEPXHOCTHON OenpeHHOW apTepuu
M NoaKoneHHom apTtepumn ¢ 3D-peKoHCTPyK-
umen. Ha monydeHHbIX aHrmorpaMmmax Bepu-
GUUMPYIOTCS 30HbI MOBbLILLEHHOW BacCKynsapu-

3aumun, KOTopble NMPenCcTaBiEHbl B BUAE “COCY-
auctoro pymMsaHua’” CeTn MNOBbILLEHHON
Backynsapusaunm. Ocoboe BHMMaHME yoenseT-
Csl MeananbHOW YacTu KOJIEHHOrO CycTaBsa.

B 3aBMcMMOCTM OT aHaTOMuUK apTepuasib-
HO CeTn KOJIEHHOro CcycTaBa BbINOJIHAETCS
CeNleKTMBHAadA KaTteTepusaums LeneBon apTte-
pun guarHocTndeckum katetepom 4-5 Fr, no-
CJ1€ Yero No KOPoHapHOMY NPOBOOHUKY B COCY[,
3aBoauTcs Mukpokartetep 0,021-0,027, yepes
KOTOPbLI BBOOATCA 3MOOAM3ALMOHHbIE H4aCcTu-
upl. [Mpn BBEOAEHUM KOHTPACTHOIO npenaparta B
LLeJIEBON COCYA MHOIMMe mnaumMeHTbl OTMeYaloT
CX0xue O0oseBble OLLYLLEHUS, MOXOXME Ha TU-
nu4yHyto 60nb B cycTase. Nocne ambonmaauumn
BbINOJIHAETCA KOHTPONibHAas aHruorpadus.
Onepaumns 3aBepLUaeTcsl Ha/loXeHeM OaBs-
LLEer NOBAS3KMN.

3akJilo4eHue

Ha ocHOBaHMM BbILLIEU3NTOXEHHOIO MOXHO
coenatb BbIBO, YTO NMOUCK HOBbLIX METOLOB Ne-
yeHus OA 1 6on1eBoro cuHapoma, accounnpo-
BAHHOIMO C HUM, SIBIFETCA BaXHOW MEOUNKO-
coumanbHoO 3agadvent. B HacToAwmMn MOMEHT
HE CyLECTBYET TakOoro Metoga /edyeHus, no-
3BOJIAOLLLEr O NOJIHOCTbLIO CNPaBUTLCH C BONbIO,
a Takke 3amMeaiTb NporpeccnpoBaHmne gere-
Hepaumm cyctasa, TeM CaMbliM MOMOrast OTCpo-
YNTb OO NOSTHOCTLIO N30eXaTb ero NPoTe3n-
poBaHume. TOBIA, HECMOTpPS Ha OrpaHNYEHHOEe
KOJIMYECTBO [OaHHbIX, MoKasblBaeT XopoLluune
pesynbratbl B BUOE YMEHbLUEHUS BbIPaXKEHHO-
CcTn 60NeBOro cMHApOMa y NaunmeHToB C ner-
KUM 1 ymepeHHbiM A ¢ oToaneHHbiM addek-
TOoM 00 2 net. OgHako gaHHble UCCeaoBaHUA
Takke NoKasbiBAOT OTCYTCTBME O0JSITOCPOYHO-
ro apdekTa nevyeHns y naymeHToB C TSXKes0n
cTeneHblo 3aboneBaHuda. Kpome CHUXeHUs
YPOBHSI 60711, OLLEHEHHOI0 C MOMOLLBIO ONPOC-
HMKOB, AOKA3aHO, YTO OaHHbLIM MEeTon NedyeHus
BINSIET HA CMHOBUT B CyCTaBe, Y4To Obl/10 AokKa-
3aHO TMpPW BbINOJIHEHNUMN KOHTpacTHoW MPT
0o v nocne onepauun. TAOBIMA Takxke aBnseTcd
OTHOCUTENBHO 6e30omnmacHbIM MeToaoM. Tpe-
6yeTcs ganbHeliee nlyydyeHme ap@PekTMBHOCTU
OAHHON MEeTOAMKU B OTOAANIEHHOW NEepPCneKkTmBe,
a Takke MCnonb3OoBaHMe Ans 3TOro, NOMMMO
OMPOCHMKOB U WK, UHCTPYMEHTasNbHbIX METO-
[OB nccrenosaHusa, Takmx kak MPT cycTaBsa.
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Brief abstract

Osteoarthritis (OA) is a serious medical and
social problem as the leading cause of disability
worldwide. The main symptom of OA is pain,
which significantly reduces the quality of life
of patients. Currently there is a need to find new
effective treatment methods for pain syndrome.
TEPA may become one of such methods.
In a small number of studies, this method has
been shown to be highly effective and relatively
safe.

Abbreviations

OA - osteoarthritis

GA - gonarthrosis

TEPA - transcatheter embolization of
popliteal artery

PA — popliteal artery

Relevance

Osteoarthritis (OA) is a musculoskeletal
disorder that currently is the leading cause of
disability worldwide.

According to global statistics, the number of
OA patients has increased almost 2.5 times
over the past decade, increasing by an average
of 600 000 people per year (1). One of the most
common localizations of the disease is knee
and hip joints. In the Russian Federation,
approximately 13% of the population over
18 years old suffers from gonarthrosis and
coxarthrosis, with an annual incidence increase
of 20% (2). Given the growth of the “elderly
population”, which is most affected by this
disease, the prevalence of OA is predicted to
increase by approximately 74.9% by 2050 (3).

The social significance of this condition is
determined by the increasing rates of incapacity
for work, disability, and decreasing quality of
life (4). The predominant symptom of OA is joint
pain, which does not always correlate with
disease severity.

Despite the extensive toolset of treatment
methods for pain syndrome, including drug
therapy, physiotherapy and exercise therapy,
none of the methods provides absolute
effectiveness. Therefore, there is a need to
develop new, effective, minimally invasive
treatment methods for this disease (5). One of
the promising methods is transcatheter
embolization of the popliteal artery branches.

Pathophysiology
of pain syndrome in GA

The knee joint represents by articulation of
the distal femur, the proximal tibia, and the

patella, with articular surfaces covered by
hyaline cartilage, which is normally an avascular
and acellular structure. The space between the
articular surfaces is filled with synovial fluid,
which is produced by the synovial membrane.
The synovium itself is a bilayered structure. Its
intimacomprisestype Aandtype B synoviocytes,
with the former are macrophages that provide a
barrier function and the latter are fibroblasts
that synthesize various protein molecules
necessary for cartilage nutrition (6). The
subintimal layer is relatively acellular and
contains blood vessels (capillaries, arterioles,
and venules), lymphatic vessels, and nerve
terminals, that has been confirmed through
microscopic examination of the synovial
membrane using various stains and
immunohistochemical methods (7).

In recent years, much evidence has emerged
showing that OA progression is based on
inflammation, which promotes neoangiogenesis
and the growth of new nerve terminals in the
joint, whereas cartilage damage is merely
a triggering factor (8).

Cartilage destruction activates the release
of a significant number of pro-inflammatory
mediators that promote the growth of new
vessels. C.Wang et al. identified several
signaling pathways responsible for joint
neoangiogenesis, regulated by vascular
endothelial growth factor (VEGF), fibroblast
growth factor (FGF), hypoxia-inducible factor-1
(HIF-1), and the Notch signaling pathway,
which interact with one another. Dysregulation
of these pathways Ileads to abnormal
angiogenesis, thereby contributing to cartilage
damage progression and release of great
amount of pro-inflammatory chemokines such
as IL-1B, TNF-a, etc (9). Chemokines induce
apoptosis of chondrocytes and increase
cartilage metabolic activity, accelerating its
degeneration and creating space for new
vessels. As a result, a vicious cycle is developed
between the inflammatory response and
angiogenesis, where inflammatory mediators
promote angiogenesis, and the new blood
vessels, in turn, release additional inflammatory
mediators, further accelerating cartilage
destruction. New blood vessels invade the inner
layers of the cartilage, altering its originally
avascular environment. This leads to increased
oxidative stress and lipid peroxidation, further
exacerbating degeneration. This fact was
proven by experiments: inflammatory factor
levels in the synovial fluid of rats with OA were
significantly higher than in healthy controls,
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while inhibition of angiogenesis helped supp-
ress the inflammatory response by limiting the
recruitment of immune cells and pro-inflam-
matory mediators to the site of damage (10, 11).

On one hand, angiogenesis could be benefit
for cartilage and the joint as a whole by
improving the delivery of oxygen, nutrients, and
growth factors to the site of cartilage damage
and its deep layers, thereby maintaining its
metabolic activity, supporting cell survival and
repair, facilitating mesenchymal cell division
and migration, promoting cartilage remodeling,
and aiding in the removal of metabolic waste
from the site of damage. However, the vicious
cycle of neoangiogenesis and release of large
amount of chemokines only exacerbates
cartilage destruction, ultimately leading to
development of fibrous vascular scar tissue,
which lacks the structural and functional
characteristics of native hyaline cartilage (12).

Neoangiogenesis and activation of vascular
endothelial cells in OA also play an important
role in generation of pain signals. Studies have
shown that endothelial cells contribute to
increased secretion of nerve growth factor
(NGF), which stimulates the growth of nerve
fibers, enhances peripheral pain sensitivity, and
alters the innervation threshold for nearby
neurons (13). Other factors, such as netrin-1
and monocyte chemoattractant protein-1
(MCP-1), contribute to pain development
by promoting axons growth through the
subchondral bone, causing sensitization of
dorsal roots of spinal nerve, perpetuating the
pain cycle.

Given the fact that the increased number
of blood vessels and nerve terminals in a joint is
a potential source of pain in OA, selective
occlusion of these vessels could reduce pain
severity in patients receiving conservative
treatment for OA of various stages, including
patients with contraindications to surgical
intervention. Moreover, selective vascular
occlusion may reduce the influx of inflammatory
mediators and pro-inflammatory cytokines (14).

TEPA efficacy according to various
studies

There is relatively little scientific data on the
efficacy of transcatheter embolization of
popliteal artery, but all of them illustrate good
results. Literature search since 2017 identified
9 studies, one of which was a systematic review.

In all studies, pain assessment was per-
formed using questionnaires and scales such
as VAS, WOMAC, and KOOS, the last two of

which are specific questionnaires for assessing
OA of knee and hip (15, 16).

Thus, in 2017, a prospective cohort study of
the effectiveness of the PA embolization was
published, where 92 knee joints with mild and
moderate OA (Grades 1-3 according to the
Kellgren Lawrence [KL] scale), accompanied
by pain syndrome resistant to conservative
therapy were evaluated. The treatment
effectiveness was assessed after 1, 4, 6 months,
and then every six months for 4 years. Clinical
success was defined as a pain reduction
according to the WOMAC scale of at least 50%.
Recurrence of pain at the level greater than
50% of the initial WOMAC pain score and
persisting for more than 2 months was
considered clinical failure and patients were
offered repeated intervention. The researchers
noted that the treatment resulted in decrease of
the average pain score and the total score
according to WOMAC and VAS scales by
approximately 2 times compared to the initial
score after 1 month, with a further decrease
over time. Clinical success after 6 months of
observation was 86.3%. Repeated intervention
was required in 13 patients due to inadequate
pain reduction or short-term recurrence. Four
patients were lost for follow-up. Clinical success
at 2 years after the first embolization was 85.2%
in knees with grade 1-2 OA according to the
KL scale and 69.8% in knees with grade 3 OA
according to the KL scale. Based on all this,
it was concluded that patients with more severe
degenerative changes in joints (KL grade 3)
showed a lower rate of clinical success at
6 months than patients with mild changes
(KL grade 1-2) (17).

In other studies, embolization has also
demonstrated good results. Thus, in the retro-
spective study by S.H. Lee et al., a significant
clinical improvement was observed in a group
of patients with mild to moderate GA, with
a decrease in pain level by VAS scale from 55 to
19 points after 6 months, which was maintained
for at least 19 months (patients were not
followed up further). However, in the group
with severe GA, despite a significant reduction
in VAS scores one month after the procedure,
pain levels eventually returned to baseline over
time. This suggeststhatembolizationis effective
only for patients with OA grades 1-3 (18). Good
results have been obtained in other studies as
well (19-21).

All these studies are limited by the lack of
randomization and long-term outcome
assessments. In 2021, S. Bagla etal. conducted
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the first small randomized study, which included
21 patients: 14 were randomized into the
embolization group and seveninto the “placebo”
group. As a result, all patients who underwent
the "sham” procedure switched to the treatment
group after one month due to persistent severe
pain syndrome, whereas in the embolization
group, knee pain by the VAS scale decreased
by 51 points after one month, while in the
placebo group, it decreased by only 1 point
(22).

In 2024, L.R. Cusumano et al. published the
most long-term results of treatment for pain
using the PA branches embolization. Among
38 patients, 18 (47.4%) demonstrated at least
a 50% reduction in the average WOMAC score
in 24 months after treatment. In the subgroup
of patients with initial clinical success at
12 months, 18 patients out of 25 (72.0%)
reported sustained clinical success at 24
months. However, 7 patients out of 25 (28.0%)
experienced symptom recurrence between
12 and 24 months, which was classified as a
clinical failure (23).

Although pain assessment scales and
questionnaires are effective tools for evaluating
pain levels, instrumental diagnostic methods
capable of assessing embolization effect on the
disease are of particular interest. In September
2024, a retrospective descriptive study was
published, in which the efficacy of transcatheter
embolization was evaluated not only clinically
but also by assessing the severity of synovitis
using contrast-enhanced MRI that was
performed on all patients immediately before
the procedure and in three months after the
intervention. As in other studies, patients
demonstrated reductions in WOMAC and VAS
scores after the procedure. However, significant
results were noted at comparisons of MRI-
scans over time: the mean synovial membrane
contrast parameter before intervention was 5.1
mm (median 5 mm), while three months post-
intervention, this value showed a statistically
significant reduction to 2.9 mm on average
(median 2 mm), indicating a notable decrease
in synovitis severity following knee artery
embolization in patients with GA (24).

Over the past five years, reports of the use
of this treatment method have also appeared in
Russia. In 2021, B.M. Sharafutdinov presented
three clinical cases of TEPA in patients with
knee OA of grade 3 by KL and persistent pain
syndrome resistant to conservative therapy,
achieving excellent results (14).

In 2023, results from another Russian study
were published. The study was conducted over
a year at the Department of traumatology and
orthopedicsandthe Departmentofradiosurgical
diagnostics and treatment at the State
Budgetary Institution Orenburg Regional
Clinical Hospital named after V.I. Voynov.
It included 80 patients with KL stage |-l
gonarthrosis and persistent pain syndrome
resistant to conservative therapy. These
patients were divided into two equal groups:
in the first group, intra-articular injection of
sodium hyaluronate (a synovial fluid prosthesis)
was performed, while the second group
underwent TEPA using microspheres with
a diameter of 150 250 um. Both groups were
comparable in gender and age characteristics.
No complications were reported in the both
group. Before the minimally invasive treatment,
patients in both groups had high WOMAC scores,
indicating significant clinical and functional
impairments of the knee joints. No significant
differencesin this parameter between the groups
were identified before treatment. After three
months, patients in both groups demonstrated
significant improvements, with significant
reductions in WOMAC and Lysholm scores. At
that, patients in the TEPA group achieved
significantly lower pain scores (25).

It should be noted that despite the large
number of patients who received this treatment,
no serious complications have been reported.
Hematoma at the access site, transient pain,
and skin discoloration as well as temporary
plantar paresthesia and focal skin ulcers in
a few patients were reported. The latter two
complications were most likely associated with
the use of embolizing particles of inappropriate
size and non-target embolization, which
indicates the need for athorough understanding
of knee joint vascular anatomy, potential ana-
stomoses between arteries, careful evaluation
of angiograms before embolization, and the
use of appropriate embolic agent (26-28).

Due to the Ilimited experience with
embolization of popliteal artery branches, there
is currently no consensus on the most safe and
effective embolic agent. Arecent meta-analysis
compared the efficacy of temporary and
permanent embolic agents. The results showed
no significant difference in patient outcomes
between the two groups (29). Based on the
available literature data, the most optimal and
safe embolic agent appears to be microspheres
with a diameter of 100-300 um.
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Procedure technique

Despite some variations in studies and the
use of different embolic agents, algorithm of
the surgical intervention follows the same
principles. The preferredaccessforangiography
and subsequent embolization of target arteries
is the antegrade approach via the common
femoral artery, using 4-6 Fr introducers.

The antegrade approach is performed under
local anesthesia by puncturing the common
femoral artery under X-ray or ultrasound
guidance. Aftercatheterization,anangiography
of the distal superficial femoral artery and the
popliteal artery is performed with 3D reconst-
ruction. On the obtained angiograms, zones of
hypervascularization appear as a “vascular
blush” — increased vascular network. Special
attention is paid to the medial part of knee
joint.

Depending on the anatomy of the knee's
arterial network, selective catheterization of the
target artery is performed using 4-5Fr
diagnostic catheter. Subsequently, 0.021-
0.027 microcatheter is introduced into the
vessel over a coronary guidewire, and
embolization particles are administered. Then,
the “stop-contrast” effect appears. During
contrast injection into the target vessel, many
patients report pain sensations similar to their
typical joint pain. After the embolization, control
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angiography is performed. The procedure is
completed with the application of acompression
bandage.

Conclusion

Considering the above, it can be concluded
that the search for new treatment methods for
OA and its associated pain syndrome remains
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