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Lienb: onpeaenvtb posib U 3HAYeHUEe SHA0BACKYNAPHBIX METOLOB PEBACKYNAPU3aLMM B IEYEHUW OCTPOI ULWIEMUU HUKHMX KOHeyHocTel (OUHK) ¢
no3unL MK COBPEMEHHO NUTepaTypbl.

Martepuan u metoabl: NPOBEAEH UTEPATYPHbIV MOUCK ONY6IMKOBAHHbIX PaboT B PyCCKOA3bIYHOW M aHINIOA3bIYHON NAATPOPMax MeANLIMHCKON n-
TepaTypbl, NOCBALLEHHbBIX NPUMEHAEMbIM 3HA0BACKYAAPHBIM MeToAam npu nedeHnn OUHK. Mouck nposoamnca 8 6asax AaHHbix PubMed, Google
Scholar, Web of Science, Cochrane.org, CyberLeninka.ru u eLibrary.ru 3a nocnegtue 10 net (kpome 1 paboTbl 1994 roza, MMetoLLel UCTOPUYECKOoe
3HayeHue). KNyeBbIMM CI0BaMM NPU NOUCKE UTEPaTypbl ABUIUCH: OCTPas ULIEMUSA HUKHUX KOHEUHOCTEN, IHA0BACKYAAPHbI TpOMBONU3HC, TPOM-
6acnupauua, aHriMoniacTuka, cteHTMpoBaHue. Cpeam 6onee 3000 HayyHbIX PaboT BblAK BbIOPaHbI M NOABEPrHYTbI HAYYHOMY aHanu3y 59 cTaTeil.
PesynbTatbl: UTEPATYpPHbIE AaHHble CBUAETENLCTBYIOT O EKEroAHOM POCTE YMCNA BbINOAHAEMbIX SHAO0BACKYNAPHbIX Onepaumit npu nevyeHnn OUHK.
370 06YCNI0BNIEHO HE TONBKO MUHUMAbHOMN UX MHBA3MBHOCTbIO, HO U BO3MOXKHOCTbIO 6os1ee TOUHOW BU3yanusaLmm smM60108, TPOMBOTUYECKMX MAcC
1 OpraHNYecKkmX U3MEHEHWI COCYA0B, a TaKKe aHTMOAPXUTEKTOHMKM NMOPAKEHHON KOHEYHOCTU. C Lie/Iblo aleKBaTHOW PeBaCKYAPU3aLLMM KOHEYHOCTH
MpW OCTPOV ULLIEMUWN PEKOMEHIYETCA NMPUMEHEHNE SHAO0BACKYNAPHBIX TEXHONOTUI B M30IMPOBAHHOM UK TMOPUAHOM PEXUME B COYETAHUM C OT-
KpbITbIMM BMeLLaTeNbCcTBaMK. Y KoMopbuaHbix naumeHTos ¢ OMHK npumeHeHne aHA0BACKYAAPHbIX TEXHONOMMI ABNsAeTcA 6onee onpaBAaHHbIM, Tak
KaK, Hapaay C peBackynAapu3aLyeit KOHEYHOCTH, NO3BONAET NPOBECTH Mapa/IebHY0 KOPPEKLMIO APYrX COMYTCTBYIOLMX COCYANCTbIX NOPAKEHUNA.
Bonee T0ro, yKasaHHble TEXHONOTMMU NO3BONAIOT CYLLLECTBEHHO CHU3WUTb YAaCTOTY MHTPA- U NOCNEONePaALMOHHbIX OCNOXKHEHW, aMNyTaLLMi KOHEYHOCTH
1 NeTaNbHbIX UCXOLOB B BAMKaliLLME CPOKM NOC/e UHTepPBEHLMIA. BMecTe ¢ Tem, B HacTosALLee BpemMsa He UMEETCA eIMHOTO KOHCEHCYca Mo SHA0BA-
cKkynapHomy nevennio OUHK, 13-3a Yero pasHble cCneLManucTbl NPUMEHAIOT Pa3NYHbIe BapUaHTbI eYeHUA C UCMO/b30BaHUEM IHA0BACKYAAPHbIX
TexHoNorni. K uncny HelocTaTKoB 1 OCOXKHEHWI SHAO0BACKYNAPHbIX TEXHONOMUIA OTHOCATCA KOHTPACT-MHAYLIMPOBaHHaA HedponaTus, dparmeHTaLms
TPom60B ¢ ambonvel AUCTaNbHOrO Pyc/a, BbICOKUIA PUCK KPOBOTEUYEHUA NPU NPUMEHEHWUM TPOMBOIUTUYECKOW Tepanuu, a TaKKe remosmns.
3aKntoyeHue: B nocnesfHue rogpl B 1evyeHnn naupnentos ¢ OMHK ctanm akTMBHO NPUMEHATLCA IHAOBACKYNAPHbIE TEXHONOMUM PeBACKYIApM3aLmK,
NOKa3aBLUKMEe NPEBOCXOAHbIE HEMOCPEACTBEHHbIE Pe3ybTaTbl MO CPABHEHUIO C TPAAMLMOHHBIMM OMNepaTUBHLIMK BMellaTenbcTBamu. OgHako otaa-
NEHHblE Pe3y/bTaTbl UX NPUMEHEHWA B U30IMPOBAHHOM BapuaHTE UAW B TMOPUAHOM PeXXMMe C OTKPbITbIMM BMeLIaTeNbCTBaMu npu severnn OMHK
TpebyloT AanbHenwero uyyeHunsa. bonee Toro, HECMOTPA Ha BCe MPeUMYyLLECTBa 3TUX TEXHONOTMI, CYLLECTBEHHOTO CHUMEHWA YacTOTbl aMnyTaLum
KOHEYHOCTM Npy NO3AHO AnarHoctTuposaHHoi OUHK He oTmeyeHo. MmeeTca HE0OXOAMMOCTb B fa/bHeliLleM YCOBEPLLIEHCTBOBAHUM CYLLECTBYHOLLMX
METOA,0B 9HA0BACKYNAPHOrO nedeHna OUHK, HanpaBaeHHOro, NpeKae BCero, Ha CHUMKEHME YacToTbl PaHHUX PETPOMO030B M aMMyTaLMKU KOHEYHOCTH,
a TakXke pa3paboTke aNbTEPHATUBHbBIX METOA0B KOHTPACTUPOBAaHUA COCYA0B 6e3 NPUMEHeHUA NOACOAEPHKALLMX KOHTPACTHBIX BELLECTB.

KnioueBble cnoBa: ocmpas uwemus HUMHUX KoHeyHocmel, 3H008aCKyAAPHbLIU mpombosu3uc, mpombacnupayus, aH2UoNaAaCMuKa, CmeHmuposaHue.
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Objective: To determine the role and significance of endovascular revascularization methods in treating acute lower limb ischemia (ALLI) from the
perspective of modern literature.

Materials and methods: A literature search was conducted on publications in Russian and English at the medical literature platforms on endovascular
methods used in the treatment of ALLI. The search was performed in PubMed, Google Scholar, Web of Science, Cochrane.org, CyberLeninka.ru, and
elibrary.ru databases over the past 10 years (except for one historical study from 1994). The key search terms included: acute lower limb ischemia,
endovascular thrombolysis, thrombaspiration, angioplasty, and stenting. Of the over 3,000 scientific papers, 59 articles were selected and subjected
to scientific analysis.
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Results: Literature data indicate an annual increase in the number of endovascular procedures performed for ALLI treatment. This growth is attributed
not only to their minimally invasive nature but also to their capability for more precise visualization of emboli, thrombotic masses, organic vascular
changes, and the angioarchitecture of the affected limbs. To achieve adequate limb revascularization in acute ischemia, endovascular technologies
are recommended in an isolated or hybrid approach combined with open surgery. In co-morbid patients with ALLI, endovascular interventions are
more justified, as they not only revascularize the limb but also enable simultaneous correction of other concomitant vascular lesions. Moreover, these
techniques significantly reduce the incidence of intra- and postoperative complications, limb amputations, and early post-intervention mortality.
However, currently there is no consensus on endovascular treatment for ALLI, leading to different specialists employing various treatment approaches
to endovascular technologies. The disadvantages and complications of endovascular techniques include contrast-induced nephropathy, thrombus
fragmentation with distal embolization, a high risk of bleeding with thrombolytic therapy, and hemolysis.

Conclusion: In recent years, endovascular revascularization technologies have been increasingly used in treating patients with ALLI, demonstrating
excellent immediate results compared to traditional surgical interventions. However, the long-term outcomes of their use in isolated form or a hybrid
mode with open surgeries require further study. Moreover, despite the advantages of these technologies, there has been no significant reduction in
limb amputation rates in cases of late-diagnosed ALLI. There is a need for further improvement of existing endovascular treatment methods for ALLI,
primarily focusing on reducing the incidence of early rethrombosis and limb amputation and developing alternative vascular contrast methods that do
not involve iodine-based contrast agents.

Keywords: Acute lower limb ischemia, endovascular thrombolysis, thrombaspiration, angioplasty, stenting.
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BBEAEHMUE

OcTpan apTepuanbHas HenpoxoaumocTtb (OAH) HUXKHMX KOHeu-
HocTelt (HK) ABnsieTcA ogHOM M3 akTyasibHbIX NPo6iem COBPeMEHHOM
COCYAMCTOM XUPYPruM, 4To 0BYCNI0BNEHO KaK BbICOKOM YacToTon eé
BCTPEYaemMOoCTH, Tak U BOAbLIMM YMCNOM HeyAoBNETBOPUTENbHbIX
pe3ynbTatoB seveHus [1-3]. ExxerogHo aTa natonorus AuvarHocTupy-
etca y 23,1-50,4 yenosek cpegyn 100000 HaceneHuns, N BEPOATHOCTb
€& Pa3BMTMA 3HAUNTE/IBHO BbilLE CPeAM WL, MPEKNOHHOIO BO3PacTa,
CTpafatoLmx Cepae’HO-CoCyaANCTbIMM 3aD0NEBAHMAMM U CaXapHbIM
avabeTtom [1-4]. B nocnefHve rogpl B Ka4ectse eé 3TMoNornMyeckoro
(baKkTopa cTana akTMBHO BbICTYNaTb HOBAA KOPOHABMPYCHaA MHdeKLMA
COVID-19, koTopasn He TONbKO NPUBOAUT K TPYAHO-KOPPUTMPYEeMOMyY
TMNepKoaryNALMOHHOMY CUHAPOMY, HO U TaKMKe CAYXWUT MPUUUHOWM
Pa3BUTMA OCTPOrO ayTOMMMYHHOTO BOCMaIeHUsA CTEHOK apTepuit ¢ no-
cnesytowmm nx Tpombosom [5-7].

HecmoTpsa Ha 3HauuTENbHblE AOCTUNKEHUA B MOHUMaHWU Me-
XaHM3MOB Pa3BUTMA ULIEMUYECKUX MOBPEXAEHUA TKaHeW Ha Kie-
TOYHOM U BUOXMMMUYECKOM YPOBHAX, @ TaKMKe MOABJEHUE HOBbIX
MWHW-UHBA3UBHbIX METOZ0B PEBACKyNAPU3aLMKM KOHEYHOCTH, [0
HACTOALLEro BPEMEHM 4acToTa amnyTauumii KoHeuyHocTr npu OAH
OCTaéTCA Ha BbICOKOM ypoBHE, AocTuratowem 29,2% [8-11]. MaBHbI-
MU NPUYMHAMM HEYAYHbIX UCXOA0B /IeYEHWUS CYMTAETCA HECBOEBpe-
MeHHa#sA AMarHoCT1Ka OCTPbIX TPOMH030B ¥ IMBONNIA MarncTPanbHbIX
COCYZl0B, CBA3aHHas IMB0 C NO34AHUM 0bpaLLEeHMEM NALMEHTOB, 60
¢ BpauebHbIMM owmbkamu [11-14]. Mo aTum npuumnHam 17,9% 6onb-
HbIM BbINOJIHAGTCA MEPBUYHAA aMMyTaLUUA KOHEYHOCTH, CUHAPOM
peBacky/iapusaumnm Habaogaertca fo 23,1% cayyaes, a PUCK OCTPOro
MOYEYHOro NOBPEXAEHUA YBEIMUUBAETCA B AeCATKM pa3 [11, 14-16].
Bonee Toro, AnNTENbHOCTb OCTPON WMLIEMUM A0 PEBACKYNAPU3aLIUK
KOHEYHOCTH, MO HEKOTOPbIM AAHHbIM, MOXET BbICTYNUTb B KayecTse
OAHOTO W3 TNABHbIX NPEAMKTOPOB HEraTUBHbIX MCXOA0B NleyeHus [8,
14, 17].

B ycnoBuAx Hallero pervoHa cnyyaun 3ano3ganoi AMarHoCTUKK
OAH Habntogatotcs bonee 4acTo, YTO CBA3AHO C OTCYTCTBMEM CheLua-
NUCTOB B 6O/bLUMHCTBE PErMOHOB pecrnybiMKK, Hea0CTaTOUHbIM 3Ha-
HUeMm Bpayeit Apyrux cneLmanbHoCTel, paboTaloLWLMX B YUPEKAEHNUAX
NepBUYHOTO 3BeHa MeAMKO-NMPOOUNAKTUYECKON NMOMOLLLM, BONPOCOB
[MArHOCTUKM M OKa3aHWs MOMOLLM MaLMeHTam C OCTPO uwwemuen
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INTRODUCTION

Acute arterial occlusion (AAO) of the lower limbs is one of
the pressing issues in modern vascular surgery due to its high in-
cidence and the many unsatisfactory treatment outcomes [1-3].
Each year, this pathology is diagnosed in 23.1-50.4 individuals per
100,000 population, with a significantly higher probability among
elderly individuals suffering from cardiovascular diseases and di-
abetes mellitus [1-4]. In recent years, COVID-19 has emerged as
an etiological factor contributing to this disorder, as it leads to a
difficult-to-correct hypercoagulation syndrome and acute autoim-
mune inflammation of arterial walls, resulting in thrombosis [5-
7].

Despite significant advances in understanding ischemic tis-
sue damage mechanisms at the cellular and molecular levels, as
well as the introduction of new minimally invasive limb revas-
cularization methods, the rate of limb amputations due to AAO
remains high, reaching 29.2% [8-11]. The primary reasons for
unsuccessful treatment outcomes are delayed diagnosis of acute
thrombosis and embolism of major vessels, either due to late pa-
tient presentation or medical errors [11-14]. Consequently, 17.9%
of patients undergo primary limb amputation, revascularization
syndrome occurs in 23.1% of cases, and the risk of acute kidney
injury increases dramatically [11, 14-16]. Furthermore, the du-
ration of acute ischemia before revascularization is considered a
major predictor of adverse treatment outcomes [8, 14, 17].

In our region, delayed diagnosis of AAO is more common
due to a shortage of specialists, insufficient knowledge among
primary care physicians about diagnosing and managing acute
limb ischemia, lack of specialized clinical departments, and limit-
ed availability of imaging diagnostics [18, 19].

Some recent studies indicate that 7.1% to 28.6% of ALLI pa-
tients are hospitalized in the late stages of the disease [12, 14,
19]. Prolonged ischemia not only leads to irreversible limb chang-
es but also increases the risk of systemic inflammatory response
syndrome, decompensation of chronic diseases, and mortality [3,
13, 15, 19].

The early 21st century has witnessed further development
of endovascular technologies, whose application in treating car-
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KOHEYHOCTEN, OTCYTCTBMEM CMELMANN3MPOBAHHbIX OTAENEHUIA U He-
06X0AVMbIX BU3Ya/IM3NPYHOLLMX METOZA0B AMarHoCTUKK [18, 19].

B psae HeaaBHO onybaMKOBaHHbIX paboT 6b110 NOKa3aHo, YTo B
no3zHuWe CPOKM 3abonesaHna rocnuTannsupyrotes ot 7,1% o 28,6%
nauuneHTos ¢ OAH HK [12, 14, 19]. AnuTenbHas UWLEMUS MOXKET No-
B/1eYb 33 cO6OI He TONbKO HeoBPaTUMbIE U3MEHEHUSA B KOHEYHOCTH,
HO UM MOBbICUTb PUCK PA3BUTUA CUHAPOMA CUCTEMHOIO BOCMAIUTE b~
HOro OTBETA, AEKOMMEHCALLMM COMYTCTBYIOLWMX XPOHUYECKMX 3abone-
BaHWI 1 pPa3BUTUA NeTanbHbIX Mcxomos [3, 13, 15, 19].

Hauano XXI Beka 03HamMeHOBaNOCb [a/IbHEMLIMM Pa3BUTUEM
3H/0BACKY/IAPHbIX TEXHONIOMMIA, NPUMEHEHME KOTOPbIX B IEYEHUU 3a-
60n1eBaHNI cepAeYHO-COCYANCTON chcTeMbI, B TOM yncae u OAH HK,
HaMHOIO YNYYLLMIO HEeMOCPEACTBEHHbIE PE3YNLTaTbl U UCXOA NPOBO-
aumoit Tepanuu [10, 20, 21]. OgHaKo, B HacTosALLEe BPEMs UX MECTO
B nevyeHun OMHK npu no3gHMX CPOKax ULLIEMUM MANO U3YYeHO, He
NMPUHATBI €4MHbIE PEKOMEHAALMM U KOHCEHCYCbl MO MNPUMEHEHUIO
3HA0BACKY/NAPHbIX TEXHONOTMI peBackynapmsaumm B nedyeHnn OMHK
TpoMb0- 1 IMBONOreHHOTO NpoucxoKaeHus [15, 22].

Kpome TOro, BHeApeHWe NogobHbIX TEXHONOTUI MOKa eLwé 3Ha-
UMMO He CHM3W/IO YaCTOTy PaHHKUX TPOMBO30B M CBA3AHHBIX C 3TUM
amnyTaumMii KoOHe4yHoctu [22-24]. B cBA3M C 3TUM, aHanu3 AaHHbIX
NUTepaTypbl, NMOCBALWEHHOM POAM W 3HAYEHWUID SHAO0BACKYAAPHbIX
TexHonornii B nedeHnn OAH HK, cunTaeTcsa akTyasibHbIM U NO3BONSET
MONYYUTb KaKME-TO OPUEHTUPbI ANA LUMPOKOTO X KJIMHUYECKOTO NpK-
MEHEHMS.

LLENb UCCNEQOBAHUA

OnucaTb ponb M 3HAYEHME IHLOBACKYNAPHbIX METOA0B B /leye-
HWUM OCTPOV ULLEMMUM HUKHUX KOHEYHOCTEN.

MATEPUAN U METOAbI

MpoBesgéH AWUTepaTypHbIA NOUCK OnybAMKOBaHHbIX paboT B
PYCCKO- M aHMOA3bIYHOM NAaThOpMax MeAMLMHCKON nuTepaTypbl,
NOCBALEHHbIX MPUMEHAEMbIM 3HAOBACKY/IAPHBIM MeToZam Jeye-
Hua OWHK. Mouck nposoaunca B 6asax AaHHbIXx PubMed, Google
Shcolar, Web of Science, Cochrane.org, CyberLeninka.ru u eLibrary.ru
3a nocnegrue 10 ner, (kpome 1 pabotbl 1994 roga, MMetOLLEN UCTO-
puyecKoe 3HaueHwue). KnoyeBbiMM CI0BaMM MPU NMOWCKE AUTepaTypbl
ABU/INCb: OCTPasA MULLEMMA HUKHUX KOHEYHOCTEMN, SHA0BACKY/IAPHbIN
Tpombonmsuc, TpombacnmMpauma, aHTMOMAACTMKA, CTeHTMPOBaHMe.
Cpeay 6onee 3000 HayyHbIX paboT 6bin BbIOPAHbI ¥ NOABEPTHYTHI
Hay4HOMy aHanu3y 59 ctateit.

PE3YNbTATDI

K uncny sHpgoBackynapHbix metogos nedenna OAH HK oTHocAT-
CA Pa3/IMYHble BapPMAHTbI acnNMPALLMOHHOW M PEOSIUTUYECKOW TPOM-
63KTOMMU, TPOMOONM3MCHOM TEPaNUK, aHTMOMNACTKA U CTEHTUPO-
BaHME COCYZOB, OCYLLECTBAAEMble 3HAOBA3aNbHO C MPUMEHEHMEM
CMeumnanbHOro MHCTPYMeHTapus 1 TexHonoruit [20, 25, 26]. Kpome
MMHMMa/IbHOM MHBA3MBHOCTU, Ba¥KHbIM MPENMYLLECTBOM SHA0BACKY-
NApHOW peBackynapusaumm HK sasnsetca 6onee TouHas uaeHTUOU-
KaLma aMb0/10B, TPOMBOTUYECKMX MACC M OPTraHNYECKUX U3MEHEHWI
COCYZ10B, @ TaKKe BO3MOXHOCTb TOYHOTO U3yYEeHUA €€ aHTMOAPXUTEK-
TOHUWKM [8, 12, 21, 27]. ChenyeT OTMETUTb, YTO BO3MOMKHOCTb NMOCTO-
AHHOTO aHrMorpadUYEcKoro KOHTPOASA Mo3BoaseT bonee afeKBaTHO
NPOBOAMTb HE TOMbKO TPOMBIKTOMMIO, HO M 3aBEPLUUTL ONEepPaL o
MYTEM YCTPAHEHWA MPUYMH, BbI3BABLUMX COCYAUCTYIO 0BCTpYKLMIO [8,
21, 24, 28-30]. bonee Toro, yKasaHHble TEXHONOMMM NO3BOAAIOT NPOBE-
CTV yaaneHne TPOMBOTUYECKMX MacC U3 MPOCBETA apTePUIl MEeKOro

diovascular diseases, including AAO of the lower limbs, has sig-
nificantly improved immediate treatment outcomes [10, 20, 21].
However, their role in the management of ALLI in late ischemic
stages remains underexplored, and no unified recommendations
or consensus on the use of endovascular revascularization for
thromboembolic ALLI have been established [15, 22].

Moreover, introducing these technologies has not substan-
tially reduced the incidence of early thrombosis and associated
limb amputations [22-24]. Therefore, a literature review on the
role and significance of endovascular technologies in treating
AAO of the lower limbs remains relevant and may provide helpful
guidance for their broader clinical application.

STUDY OBIJECTIVE

To describe the role and significance of endovascular meth-
ods in treating alli.

MATERIALS AND METHODS

A literature review was conducted using Russian and En-
glish medical databases. The search was performed in PubMed,
Google Scholar, Web of Science, Cochrane.org, CyberLeninka.
ru, and elLibrary.ru databases over the past 10 years (except for
one historical study from 1994). The key search terms included:
acute lower limb ischemia, endovascular thrombolysis, throm-
baspiration, angioplasty, and stenting. Of the over 3,000 scientific
papers, 59 articles were selected and subjected to scientific anal-
ysis.

RESULTS

Endovascular methods for the treatment of acute arterial
occlusion of the lower limbs (AAO-LL) include various types of
aspiration and rheolytic thrombectomy, thrombolytic therapy,
angioplasty, and stenting of blood vessels, performed endovascu-
larly using specialized instruments and technologies [20, 25, 26].
Besides minimal invasiveness, an essential advantage of endo-
vascular revascularization of the lower limbs is the more precise
identification of emboli, thrombotic masses, and organic vascular
changes, as well as the ability to thoroughly study their angioar-
chitecture [8, 12, 21, 27]. It should be noted that the possibility of
continuous angiographic control allows a more adequate throm-
bectomy and ensures the resolution of the underlying causes
of vascular obstruction [8, 21, 24, 28-30]. Furthermore, these
technologies enable the removal of thrombotic masses from the
lumen of small caliber arteries by performing targeted selective
thrombolysis [17, 23, 24, 31]. The effectiveness of this approach
in restoring the patency of distal vessels in ALLI has been report-
ed to reach 98%, with only 2% of cases failing due to the presence
of old organized thrombi [32]. Compared to traditional interven-
tions, this method, by dissolving fresh blood clots, allows tissue
perfusion restoration through the small artery system and pre-
vents localized muscle infarction [33].

A study conducted in the U.S. showed that between 2003
and 2013, the use of endovascular thrombolytic therapy for treat-
ing patients with ALLI increased from 16.8% to 24.2%. Among
162,240 patients, 33,615 (20.7%) received thrombolytic therapy
as primary treatment, 40.7% underwent additional endovascu-
lar procedures, and 25.2% received open surgeries. According
to the authors, during this period, the combined use of multi-
ple endovascular treatment methods increased from 31.6% to
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Kannbpa, BbINOHUB LLENIEBOW CENEKTUBHBIN TpoMbousuc [17, 23, 24,
31]. 9bdeKTMBHOCTb NOCNELHETO B BOCCTAHOBAEHUU MPOXOAMMOCTH
AncTanbHbix cocyaos npy OUHK, no HEKOTOPbIM AaHHbIM, AOCTUrANA
98%, 1 nnwb B 2% CNyyaes, U3-33 HAIMYMA CTAPbIX OPraHM30BaAHHBIX
TPOM6O0B, He BblnM OTMEYeHbl NONOXKUTE/bHbIE pe3ynbTaThl [32]. Mo
CpPaBHEHUIO C TPAAULMOHHBIMM BMELLATeNbCTBAMM AaHHbIA METOA,
6narofapa PacTBOPEHMIO CBEXKUX CryCTKOB KPOBW, NO3BO/IAET BOCCTa-
HOBUTb Nepdy3unto TKAHEN Yepes CUCTEMY MENIKUX apTepuii v nsbe-
}KaTb IOKaNbHbIN MHOAPKT Mbiww, [33].

B ogHOM 13 UccnepoBaHui Bbi10 NOKasano, yto B nepmog 2003-
2013 rr. 8 CLLIA KOnM4YecTBO BbINO/IHAEMOM 3HA0BACKYNAPHOM TPOM6OO-
NUTUYECKOMN Tepanuu npu nedyeHnn naumentos ¢ OMHK ysennumnoco
€ 16,8% £0 24,2%. Tak, cpeam 162240 nauneHToB B 33615 (20,7%) Ha-
6/110EHMAX B KQUECTBE NEPBUYHOTO IEYEHUA MPUMEHACA TPOMOONN-
3UC, KoTopbli y 40,7% NaumeHToB bbin 4ONONHEH PA3IMYHBIMM SHAO-
BaCKY/NAPHbIMK NpoLeaypamy, a B 25,2% HabntoAeHNI — OTKPbITbIMU
onepauuamu. Kak oTMeyatoT aBTopbl, B 3TOT NPOMENKYTOK BpEMeEHU
KOMOWHMPOBAHHOE WMCMO/b30BaHWE HECKO/bKMX CnocoboB 3HA0BA-
CKYNAPHOTO NeveHuns ysenmuunocs ot 31,6% o 47,8% (p<0,001), Tor-
[la KaK 4acToTa TPaAMLMOHHDBIX OTKPbITbIX BMELLATENbCTB CHU3WMAACh
c 28,7% no 23,6% (p<0,001). Mpwu 3tom, 0bLlas YyacToTa NeTanbHbIX
ncxopoB coctasuna 4,9% 1 3HauMMO peke BCTpeYanacb nocne H-
[LOBaCKy/NAPHbIX BMeLATeNnbCTs (3,2%) No cpaBHEHMIO C OTKPbITHIMMI
onepaumamm (5,9%) (p<0,001). Bonee Toro, 4actota amnyTauuii nocne
NPUMEHEHMA 3TUX ABYX BWUAOB PEBACKYNAPM3aLUIA KOHEYHOCTU CO-
cTaBuna 5,1% un 11,6% cootsetctBeHHO (p<0,001), cepaeuHbie (5,5%),
pecnupaTopHble (7,3%) u nouveuHble (12,5%) ocnoxHeHUs ropasno
yalLe BCTPeYaIUCh B rpynne naLyueHToB, NepeHécunx Tpombonmsmuc B
COYETaHWU C TPAAMLMOHHBIMK BMeLLaTenbeTeamm [17].

AHanu3 6onbLUIMHCTBA PabOoT NOKa3bIBAET, YTO PE3Y/ILTAThI S1eYe-
Hus OAH HK nouTtn 40 Tpetu cnyyaeB HOCAT HEYA0BNETBOPUTEbHbIV
XapaKTep W OCTaBAAIOT Kenatb Aydwero [1, 3, 4, 6, 8, 10, 11, 14, 23,
24]. 370, Npexae Bcero, 06yCN0BAEHO TEM, YTO OCTPAsA ULWEMUSA pPas-
BMBAETCA Ha MOYBE XPOHWUYECKMX OPraHUYECKUX OKKJ/IHO3MOHHbBIX MO-
PaXeHW AUCTaNbHOMO COCYAMCTOrO Pycna, B CBA3W C YeM He Bceraa
Habnogaetca apdeKT oT npoBeaEHHOW TpombakToMMuM [12, 21, 28].
BmecTe ¢ Tem, Npu OCTPOV 3aKynopKe COCyAoB 3Mb0ONamM NPOUCXO-
VT 6onee 6bIcTpan rMbesb MblLLEYHOW TKAaHU KOHEYHOCTH, TaK KaK Y
TaKMX NALMEHTOB BO3MOMXKHOCTU KOMMIATEPAIbHOMO KPOBOObpaLLeHUs
HefocTaTouHbl [4, 20, 34].

B page uccnenosaHuin Bbin0 NOKa3aHO, YTO 3afepKKa B Ne-
YyeHuu naumeHtos ¢ OAH HK B TeyeHne 12 yacos OT Hayasna OCTPOM
ULLeMUU MPUBOAMUT K YBEIMUYEHMIO YacTOTbl amMmyTaLyMu KOHEYHOCTH
W NeTanbHbIX UCXOA0B Ha 9% M 7% COOTBETCTBEHHO, a Npu bonee 24
Y — 3TV NoKasaTenu yxyawatorca go 78% v 31% cooTBeTcTBEHHO [35,
36]. Kpome TOrO, YCTaHOBNEHO, YTO OCHOBHbIM GaKTOPOM TaHaTore-
He3a Npu AAUTENbHbBIX CPOKaX ULWEMUMN ABNAETCA A/IMTENIbHOE BbICBO-
6oxaeHne cBOOOAHbIX PafyKanoB U ApYrvX TOKCUYECKUX BELLECTB,
npvBoAsLLee K NOCAeAyOWMM OCTPbIM OpraHHbIM AUCHYHKLUAM C
Pa3BUTMEM 3HIOTEHHOW UHTOKCUKALIMM U CMHAPOMA CUCTEMHOTO OT-
BETA Ha BOCMa/EHWE C NONMOPraHHOM HedocTaTouHoCTbIo [37]. Apy-
rMe uccneaoBaTeNM MoKasanu, YTo C yBENMYEHWEM CPOKOB OCTPOWA
ULLEeMMU NPOMOPLMOHANBHO CHUMKAOTCA LIAHChI HA BOCCTAHOB/EHKE
KPoBOOOPALLEHWA U CraceHMe KOHEYHOCTU. M0 UX JaHHbIM, Hauxys-
WKWe pe3ynbTaTbl PEBACKYNAPU3ALIUMM OTMEYEHD! Y NALMEHTOB, NOCTY-
MUBLLMX B CPOKM 6onee ABYX CYTOK OT Hayana 3abosiesaHus, U B 3TOM
rpynne nauuMeHToB yactoTa peTpombosa cocygoB gocturna 21,1%,
amnyTauym KoHeuyHocTv — 47,4%, neTanbHbix ncxogos — 15,8% [12].

Mo MHeHMIo psga aBTOPOB, M3-3a Toro, 4to OAH HK TpomboreH-
HOTO XapaKTepa YacTo Pa3BMBAETCA Ha MOYBE XPOHUYECKUX 0bauTe-
PUPYHOLLIMX NPOLLECCOB B COCYAAX, AaXKe CBOEBPEMEHHO BbINOHEHHas
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47.8% (p<0.001), whereas the frequency of traditional open in-
terventions declined from 28.7% to 23.6% (p<0.001). The over-
all mortality rate was 4.9%, being significantly lower following
endovascular procedures (3.2%) compared to open surgeries
(5.9%) (p<0.001). Additionally, the amputation rates after these
two types of revascularization procedures were 5.1% and 11.6%,
respectively (p<0.001). Cardiac (5.5%), respiratory (7.3%), and re-
nal (12.5%) complications were notably more frequent in patients
who underwent thrombolysis combined with traditional inter-
ventions [17].

Analysis of most studies indicates that treatment outcomes
for AAO-LL remain unsatisfactory in nearly one-third of cases [1,
3,4,6, 8,10, 11, 14, 23, 24]. This is primarily due to the fact that
acute ischemia develops against the backdrop of chronic organic
occlusive lesions in the distal vascular bed, meaning that throm-
bectomy does not always yield the desired effect [12, 21, 28]. Fur-
thermore, in cases of acute embolic occlusion of vessels, muscle
tissue necrosis occurs more rapidly because in such cases collat-
eral circulation is insufficient [4, 20, 34].

Several studies have shown that a delay in treating patients
with AAO-LL for more than 12 hours from the onset of acute isch-
emia increases limb amputation and mortality rates by 9% and
7%, respectively. When the delay exceeds 24 hours, these indica-
tors worsen to 78% and 31%, respectively [35, 36]. Additionally, it
has been established that a major factor in mortality during pro-
longed ischemia is the extended release of free radicals and other
toxic substances, leading to subsequent acute organ dysfunction,
endogenous intoxication, and systemic inflammatory response
syndrome with multiple organ failure [37]. Other researchers
have demonstrated that with increasing duration of acute isch-
emia, the chances of restoring blood circulation and saving the
limb decrease proportionally. According to their data, the worst
revascularization outcomes were observed in patients admitted
more than two days after disease onset, with vessel rethrombosis
rates reaching 21.1%, limb amputation rates at 47.4%, and mor-
tality rates at 15.8% [12].

According to several authors, as thrombotic AAO-LL often
develops against the backdrop of chronic obliterative vascular
disease, even timely revascularization in some cases does not
lead to full blood flow restoration due to thrombus spreading
into the microcirculation [12, 21, 26, 28, 35]. This is supported
by another study indicating that two years after percutaneous
mechanical thrombectomy, the limb salvage rate in patients with
embolism was 92.9%, whereas in patients with acute thrombosis,
it was 73.3% (p=0.04; OR 3.6; 95% Cl: 1.1-11.7) and for stent/graft
thrombosis, it was only 62.5% (p=0.01, OR: 4.7; 95% Cl: 1.5-13.6)
[35]. Additionally, the effectiveness of aspiration thrombectomy
with stenting in AAO-LL is reported to be 86.5%, making it a via-
ble first-line therapy [38].

Some authors argue that despite the high rate of negative
outcomes, in all cases (except in obvious decompensation), di-
rect endovascular or indirect traditional thrombectomy should be
performed, utilizing even the smallest chance to save the limb,
as the one-year survival rate of patients after major amputations
remains very low [1, 11, 24, 34, 39].

Analysis of literature data suggests that currently, there is no
unified consensus regarding the treatment strategy and volume of
interventions for patients with AAO-LL in late-stage ischemia [40].
Therefore, different authors use various treatment approaches
aimed at limb salvage. Some advocate a two-stage approach for
treating AAO-LL, with most patients admitted more than 24 hours
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peBacKkynspu3auma B paae CAy4yaeB He NPUBOAWT K MOJAHOLEHHOMY
BOCCTaHOB/IEHMIO KPOBOOOPALLEHMA BCAEACTBME PACNpOCTPaHeHUs
Tpomba B MMKpoUMpKRynsaTopHoe pycno [12, 21, 26, 28, 35]. 3710, B
YACTHOCTW, MOATBEPKAAETCA M B APYrOM UCCNEA0BaHWU, Tae OTMe-
YEHO, YTO YMCNO CNACEHHBIX KOHEYHOCTEN Y NALLMEHTOB C 3MBOMAMM
yepes 2 roza nocne NepKyTaHHOM MexaHU4YecKor TPOMBIKTOMMM CO-
cTaBuno 92,9%, Toraa Kak y nauMeHToB € OCTPbIM Tpombo3om — 73,3%
(p=0,04; OP 3,6; 95% [M: 1,1-11,7) n TPOM6030M CTeHTa/TpaHCMAaH-
Tata—62,5% (p=0,01, OP: 4,7; 95% [W: 1,5-13,6) — oHa bblNa 3HaUNMO
Huke [35]. Takke oTmeuyeHo, YTo 3GEKTUBHOCTb acmMpaLMOHHOM
TpombakToMUK co cTeHTUpoBaHuem npu OAH HK coctasnset 86,5%,
B CBA3M C YeM OHA MOMET bbITb MCMONb30BaHa B Ka4ecTse Tepanuu
nepsou AMHKK [38].

BmecTe ¢ TeM, HEKOTOpPbIE aBTOPbI CYMTAIOT, YTO, HECMOTPA Ha
TaKyH0 BbICOKYH YaCTOTY HEraTUBHbIX MCXOZO0B, BO BCEX CNy4YasX (3a nc-
KNtoueHnem aBHol fekomneHcauym) npu OAH HK cneslyeT BbINONHUTD
NPAMYIO 3HA0BACKYNAPHYH UM HENPAMYHO TPAAULMOHHYIO TPOMBO3IK-
TOMMIO M UCTIO/Ib30BATb BCE LWAHCHI (faXKe Camblil MUHUMANbHBbIN) Ans
CMaceHUs KOHEYHOCTM, TaK KaK roMuyHas BbIXKMBAEMOCTb NaLMeHTOB
nocne 6oNbWKNX amnyTauumii oueHb HU3Kan [1, 11, 24, 34, 39].

AHan13 JaHHbIX IMTepPaTypbl CBUMAETENLCTBYET O TOM, YTO B Ha-
CTOAILLEE BPEMA HE MMEETCA eIMHOTO KOHCEeHCYCa Mo BbI6OPY TaKTUKM
1 06bEMa neyeHns y naupeHTos ¢ OAH HK B no3gHMx cpoKax nwemmum
[40]. B cBA3w € 3TUM, pasHble aBTOPbI MPUMEHSIOT Pas/IMYHbIe BapuaH-
Tbl IeYEHUSA, LLE/IbI0 KOTOPOrO ABNSAETCS CrnaceHue KoHeyHocTn. OgHu
NPULEPHKMBAIOTCA ABYXSTANHOM TaKTUKM nedeHuna naupeHTos ¢ OAH
HK, ocHOBHas macca KOTopbIx MOCTynua B CPOKK bonee 24 yacos oT
Hauyana 3aboneBaHuA. Ha nepBom 3Tane aBTOPbI BbINOAHANN TPOM-
63MDOO0NIIKTOMMIO M3 aPTEPUI HUNKHMX KOHEYHOCTEW, a Ha BTOPOM,
nocne LeneBoi aHrmorpaduyeckoi AMarHoCTUKM COCYAMCTOro 6/10Ka,
npuberann K sHAOBACKYNAPHBIM UK OTKPbLITBIM OMnepaumsm, KOoTo-
pble B 60NbLIMHCTBE C/ly4aeB NO3BOIMAN COXPAHWUTL KOHEYHOCTb [12].

B ogHoi 13 paboT oTmeyeHo, 4To y naumeHTos ¢ OAH HK Bceraa
MMeeTc HeOobXOAMMOCTb B aHIMOrPadUUECcKOM CONPOBOXKAEHUM, TaK
KaK OHO NMO3BO/ISIET C BbICOKOM TOYHOCTHIO MOKA3aTb BCE MMEIOLLMECS
M3MEHEHMWA COCYAMCTOrO Pycaa ¥ OAHOMOMEHTHO BbIMOJHUTL SHAO-
BaCKyNAPHOE MX ycTpaHeHue. Kpome Toro, Kak noa4yépKmBatoT aBTo-
pbl, TPUMEHEHME aHFMOrPadmm, Kak OCHOBHOTO MHCTPYMEHTA BU3Ya-
IN3aLMKN COCYAMUCTbIX U3MEHEHMI, U3-3a BbICOKOM AMAarHOCTUYECKOM
€€ BO3MOMKHOCTM NO3BOMAET HE TONIbKO 3HAYMMO CHU3WUTb NPOLOIKM-
TeNbHOCTb Onepauum, Ho 1 bonee afleKBaTHO BbIOPATb TUM U 0OBEM
NpeaCToALLEi PEKOHCTPYKLMMW. ABTOPbI TaKKe PEKOMEHAYHOT LUMPO-
Koe BHeApeHMe rmbpuaHoro Nnoaxoaa K pesackynsapusaumm npu OAH
HK, an1a coxpaHeHns KOHEYHOCTU B ONrOCPOYHOM NnaHe [41].

OaHaKo Apyrve uccneaoBaTesin OTMEYAtoT, YTO CTaHAAPTHasA OT-
KpbITasd TPOMB3IMBONIKTOMMA C UCMONb30BaHMEM KaTeTepa dorapTu
ABNAETCA CaMbiM 3QPEKTUBHBIM METOAOM SIeYEHNS 3MBOMN Maru-
CTPasbHbIX AaPTEPUI HUKHUX KOHEYHOCTE. Mo AaHHbIM aBTOPOB, NpK
neyeHnn 102 naumeHToB ctaplue 65 net ¢ OAH HK ambonoreHHoro
XapaKTepa, 3IMO0NIKTOMMSA TONBKO Y 7,2% CONPOBOXKAANACH JONONHM-
TeNbHbIM BbINONHEHEM GacLLMOTOMMM FONIEHM, @ YAcTOTa aMMyTaLMm
HK n netanbHbix ncxopos coctasuna 13,7% m 9,8% CoOTBETCTBEHHO.
PasfeneHne nauMeHTOB Ha TPU rpynmnbl B 3aBUCMMOCTM OT JAaBHOCTU
ambonuu (8o 4 4acos, ot 4 oo 8 4acos, 1 6oee 8 Yacos) NOKa3ano, uto
B TAHATOreHe3e M YCeYEHUU KOHEYHOCTM AaBHOCTb MLWEMUK He Urpa-
Na NepBoOCTENEHHYIO0 Po/ib. MO MHEHWUIO aBTOPOB, CTEMEHb TAMKECTM
OCTPOM ULWEMUU U CKOPOCTb €€ NPOrpeccMpoBaHuUs 3aBUCENM, T1aB-
HbIM 06pa30M, OT I0KaIM3aLLMK apTepuanbHOro 61oka [13].

O4HUM U3 3HAOBACKYNAPHbIX MOAXOAOB K JIEYEHWUIO OCTPbIX
Tpombo308 apTepuit HK ABnaeTca TpomboAM3UC C PeonnTUYEcKom
Tpomb3KTOMMEN, KOTOPas, NO AaHHbIM Pa3HbIX aBTOPOB, MMEET pas-

after symptoms onset. In the first stage, the authors performed
thromboembolectomy from the lower limb arteries. In the sec-
ond stage, after targeted angiographic diagnostics of the vascular
obstruction, they proceeded with endovascular or open surger-
ies, which in most cases allowed limb preservation [12].

One study noted that patients with AAO-LL always require
angiographic support, as it enables highly accurate visualization
of all vascular changes and allows for simultaneous endovascular
correction. Furthermore, as the authors emphasized, the use of
angiography as the primary tool for vascular imaging significantly
reduces the duration of surgery and helps to determine the most
appropriate type and scope of the required reconstruction. The
authors recommend adopting a hybrid approach to revasculariza-
tion in AAO-LL for long-term limb preservation [41].

However, other researchers argue that standard open
thromboembolectomy using a Fogarty catheter remains the most
effective treatment for embolism of the major arteries of the low-
er limbs. According to their study of 102 patients over 65 years
of age with embolic AAO-LL, only 7.2% required additional fas-
ciotomy of the lower limb, and the rates of limb amputation and
mortality were 13.7% and 9.8%, respectively. The study divided
patients into three groups based on the duration of embolism (<4
hours, 4-8 hours, >8 hours) and found that the duration of isch-
emia was not the primary determinant of mortality and limb am-
putation. Instead, the severity and progression of acute ischemia
mainly depended on the location of the arterial blockage [13].

One endovascular approach to treating acute arterial
thrombosis in the lower limbs is thrombolysis with rheolytic
thrombectomy, which has shown varying degrees of effectiveness
according to different authors [17, 25, 31, 34, 42, 43]. One study
noted that for AAO-LL cases treated between 2 and 15 days after
onset, rheolytic thrombectomy resulted in favorable outcomes
in all cases, achieving a 100% immediate success rate in limb re-
vascularization. Moreover, angiographic support allowed for the
identification of severe vascular stenoses and their correction
through angioplasty and stenting, ensuring adequate restoration
of main blood flow [25].

In another study using regional thrombolysis in 27 patients
with AAO-LL, clinical success was achieved in only 62.9% of cases.
Furthermore, 48.1% of patients later required open reconstruc-
tion or endovascular correction of organic arterial lesions, with
amputation and mortality rates of 15.0% and 3.7%, respectively
[31].

According to some researchers, another advantage of endo-
vascular technologies is eliminating the need for general anesthe-
sia, which is particularly important for high-risk surgical patients.
Additionally, these methods allow for the simultaneous correc-
tion of multiple combined vascular lesions located in one or dif-
ferent regions of the same limb [21].

Other authors highlight that compared to traditional sur-
gical techniques for AAO-LL, the use of endovascular technol-
ogies, either alone or in hybrid approaches, significantly re-
duces the rates of early postoperative complications, vascular
rethrombosis, limb amputation, and mortality [10, 22, 28, 33,
44]. In one study involving 95 patients with AAO-LL, the techni-
cal success rate of endovascular intervention was 94.7%. How-
ever, in 83.2% of cases, due to multilevel vascular lesions, ad-
ditional angioplasty and stenting were required. The mortality
rate was 11.6%, while amputation rates for vascular thrombosis
and previously placed graft occlusions were 24.8% and 3.7%, re-
spectively [45].
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NNYHyto cTeneHb adpdekTnBHocTM [17, 25, 31, 34, 42, 43]. B yacTHOCTH,
B OZLHOM W3 UCCNefoBaHU oTmeyeHo, 4to npu OAH HK B cpoku ot
2 fo 15 cyToK noc/ie Hayana 3aboneBaHMs NPUMEHEHME PEOUTHYE-
CKOM TPOMB3KTOMMM NO3BONAET BO BCEX CyHaAX AOOUTLCA XOpoLLero
pesynbTaTta; Npy 3TOM HEMOCPeLCTBEHHbIN YCNeX PeBAcKyNfpU3aLLmMm
KOHEYHOCTH, MO AaHHbIM aBTopoB, coctasun 100%. bonee Toro, ak-
ruorpaduyeckasn nofaepKka no3Boauia naeHTMOULMPOBATL YHACTKK
BbIPaXKEHHbIX CYXEHWI COCYA0B U NPOBECTU UX NMKBUAALMIO MYTEM
aHMMOMNIaCTUKN U CTEHTUPOBAHWA C afleKBATHbIM BOCCTAHOB/NEHUEM
MarucTpasbHOro KPOBOTOKa [25].

B apyrom uccnepoBaHum, rae Bbii MCNONb30BaH PErMOHAPHbI
Tpombonmsmc npu nevednn 27 naumeHTtos ¢ OAH HK, Tonbko B 62,9%
cnyyaes 6bin LOCTUTHYT KNIMHUYECKMiA yenex, a 48,1% 60onbHbIM B No-
cnepytolem noTtpeboBanach OTKPbITaf PEKOHCTPYKLMA WA SHA0BA-
CKYyNAPHaA KOpPeKLusa OpraHUYeCcKUX NOPAXKEHUIM apTepuii KOHEUHO-
CTW, YacToTa amnyTaumm coctaBuna 15,0%, netanbHbix Mcxogos —3,7%
[31].

Mo MHEHWIO HEKOTOPbIX YYEHBIX, K YNCNY APYrUX NPEUMYLLECTB
9HA0BACKYNAPHBIX TEXHONOMIA OTHOCATCA OTCYTCTBUE HEOOXOAMMOCTH
B NMPVYMEHeHNM 06LLEro HAapKO3a, YTO OYEHb BAXKHO AJ1A MALMEHTOB C
BbICOKMM XMPYPIUYECKMM PUCKOM, U BOSMOXHOCTb OHOBPEMEHHOTO
YCTPAHEHUA MHOMKECTBEHHbIX COYETaHHbIX COCYAMUCTbIX MOPAXKEHWN,
JIOKa/IM3YIOLLMXCA B OAHOM MM pa3Hblx baccelHax 04HOW KOHeYHo-
ctm [21].

Pas, apyrvx aBTOPOB OTMEYAET, YTO MO CPABHEHWMIO C TPAAULMOH-
HbIMW MeToaMKaMKn xupypriyeckoro neveHna OAH HK npvmeneHune
9HA0BACKYNAPHBIX TEXHONOMMI B M30MPOBAHHOM WM TMOPUAHOM
BapuaHTe NO3BO/IAET 3HAYMTENbHO CHU3WUTbL YACTOTY PaHHWX nocne-
OMepaLMOHHbIX OC/MIOXHEeHUI, peTpombo3a CcocyZoB, amnyTaumu
KOHEYHOCTH, a TaKKe fieTasbHbIx ucxomos [10, 22, 28, 33, 44]. B oa-
HOW U3 paboT, NPUMEHMB IHAOBACKYAPHYHO TEXHONOTUIO B IEUEHUN
95 naumeHnToB ¢ OAH HK, aBTopbl NOKa3anu, YTo TEXHUYECKMIA ycnex
BMeLIATeNbCTBA coctaBun 94,7%, a B 83,2% cny4yaes, U3-3a MHOr0O3-
Ta¥XHOrO MOPAKEHWA COCYA0B, BO3HUK/IA HEOOXOAMMOCTb B A0MOA-
HUTENIbHOM MPUMEHEHUM aHMMONNACTUKMN U CTEHTUMPOBaHUA. YacToTa
NeTanbHbIX MCX0A0B cocTaBuna 11,6%, a amnyTauuii Npy Tpombose
COCYZI0B M paHee HaNoXKeHHbIX TpaHcnAaHTaTax — 24,8% u 3,7% coot-
BETCTBEHHO [45].

B apyroit paboTe 6b110 NOKa3aHO, YTO TEXHWUYECKUI yCnex SHA0-
BaCKy/NApPHbIX MeToaoB nevyeHns OAH HK coctasun 90,6%, a B bonee
NOMOBMHE C/ly4YaeB MaLMeHTaM Nocae acnupaLyoHHOW TPOMBIKTO-
MWK NOHagobwnack 6anNoHHas aHIMONIACTHKA U CTEHTUPOBAHUE CO-
CYLL0B B CBA3M C OPraHNYECKUMUN UX U3MEHEHUAMM [46].

MccnepoBaTeny nokasanu, 4To TEXHUYECKUI yCrex BHyTpUapTe-
pUanbHOro KaTeTep-HanpaBAeHHOro Tpombonusmca coctasun 83,3%,
3bdEKTMBHOCTb onepaLm Npy TPomb03e NOLKONEHHON apTepun U
apTepuii roneHu B baunkaiwmne 6 mecaues oTmeyveHa y 76,7% 1 90,0%
MaLMEeHTOB COOTBETCTBEHHO. YacToTa 60/bLIMX aMMyTaLMiA, fNeTanb-
HbIX UCXOZOB M NMOBTOPHbIX BMELLATENbCTB CNYCTA o4 Nnoc/ae onepa-
UMK, NO AaHHbIM aBTOPOB, coctasuna 16,7%, 7,1% n 21,4% cootseT-
CTBEHHO [47].

ABTOpbI, UMetoLwpme onbIT edyeHna naupeHtos ¢ OAH HK B yc-
JIOBUAX OTPaHUYEHHbIX PECYPCOB MOKa3bIBALOT, YTO SHA0BACKYNAPHbI-
MW METOAMKaMM yAAETCA BOCCTAHOBUTb MarucCTpasbHbIi KPOBOTOK
TONBKO Y 72,5% NaLMeHToB, a U3-3a NPOrPeccMpPoBaHMA ULLIEMUN UK
KE Pa3BUTUA PeTPoMb03a COCY0B amMyTaLyaA KOHEYHOCTH Obinia Bbl-
nosnHeHa 16% naumeHTam. Mo JaHHbIM 3TUX }Ke aBTOPOB, B PaHHEM
nocneonepaunoHHom nepuoge 8 10,3% cnyyaes pa3suaocb KpoBoTe-
yeHue ¢ 0bpasoBaHNEM NyNbCUPYHOLLEN remaTombl, B 2,3% — uneode-
MOpasbHbIN TPOM603, B 2,3% — OCTPOE HapyLUEHWE MO3rOBOO KPOBO-
obpalLeHus, B 3,5% — netanbHbiit ucxog, [10].
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Another study reported that the technical success rate of
endovascular treatments for AAO-LL was 90.6%. However, due to
organic vascular changes, more than half of the cases required
balloon angioplasty and stenting following aspiration thrombec-
tomy [46].

Other specialists demonstrated that the technical success
rate of intra-arterial catheter-directed thrombolysis was 83.3%,
with an effectiveness of 76.7% for popliteal artery thrombosis and
90.0% for tibial artery thrombosis within six months post-proce-
dure. The rates of major amputations, mortality, and repeat in-
terventions one year after surgery were 16.7%, 7.1%, and 21.4%,
respectively [47].

Researchers working in resource-limited settings found
that endovascular techniques restored main blood flow in only
72.5% of patients, while due to ischemia progression or vascular
rethrombosis, limb amputation was performed in 16% of cases. In
the early postoperative period, complications included bleeding
with pulsatile hematoma formation (10.3%), iliofemoral throm-
bosis (2.3%), acute cerebrovascular accident (2.3%), and mortal-
ity (3.5%) [10].

Conversely, another study compared the effectiveness of en-
dovascular (n=108) and traditional (n=107) treatments for AAO-
LL in 215 patients with grade llb ischemia. The technical success
rate of open revascularization was significantly higher than that
of endovascular techniques (83.6% vs. 71.9%; p<0.05). However,
the limb amputation rates did not differ significantly between the
open and endovascular groups (18.7% vs. 16.7%, p>0.05) [33].

A comparative analysis conducted in 2018 examined endo-
vascular (n=818), traditional (n=195), and hybrid (n=467) revas-
cularization techniques in 1,480 patients with AAO-LL. The study
found that, compared to the other two methods, endovascular
interventions were associated with significantly fewer major ampu-
tations and blood transfusion requirements, without significant dif-
ferences in mortality, repeat interventions, or myocardial infarction
rates. Additionally, the authors noted that in open surgery, throm-
boembolectomy is performed blindly, without proper angiographic
control, increasing the risk of incomplete removal of thrombotic
masses from the branches of major arteries. In such cases, there
is a high risk of thrombus fragmentation, migration into distal and
collateral vessels, and subsequent massive thrombosis [8].

At the same time, some authors highlight one of the main
disadvantages of endovascular technologies — the development
of contrast-induced nephropathy [15, 16, 48, 49]. It should be
noted that in the late stages of ischemia in AAO-LL, some degree
of acute kidney injury develops, caused by toxins released from
the ischemic area and contrast agents. This syndrome is associat-
ed with a high mortality rate [16, 49].

An analysis of published studies shows that targeted re-
gional thrombolysis does not always result in complete thrombus
fragmentation, which leads to early vascular rethrombosis [39,
43, 44, 47]. Moreover, thrombus dissolution can lead to fragmen-
tation and distal embolization, causing rapid and irreversible tis-
sue changes [44].

Another drawback of regional thrombolytic therapy is the
high risk of bleeding, which most commonly occurs at the arte-
rial puncture site and develops in 1.2%-5.9% of patients [43, 47,
50, 51]. Predictors of this complication include thrombocytope-
nia, advanced age, high arterial blood pressure, diabetes mellitus,
and excessive thrombolytic dosage [44, 50, 51].

Another limitation of rheolytic thrombectomy is its inability
to achieve complete limb revascularization due to organic vascu-
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Bmecte ¢ Tem, B Apyrom cooblieHuu, rae 6bi10 NpoBeAeHO
cpaBHeHWe 3GdEKTUBHOCTU 3HA0BACKyNApHbIX (N=108) u Tpaauuw-
OHHbIX (n=107) metogos neyenns OUHK y 215 naumeHtos npu IIb
CTENeHU MLWEMUM, TEXHUYECKUIA yCreX OTKPbITON peBacKynAapusaLmm
6bl21 3HAYMMO BbILLE, YeM NPU IHAOBACKYNAPHbIX MeToauKax (83,6%
npotus 71,9%; p<0,05), a yacToTa amnyTaLmMmM KOHEYHOCTU He UMena
3HauMmoro pasnunumna — 18,7% v 16,7% B rpynnax OTKPbITbIX M SHA0BA-
CKYNAPHbIX BMELIATENbCTB COOTBETCTBEHHO (p>0,05) [33].

MpoBeaéHHbIN B 2018 roay CpPaBHUTENbHbIN aHaNM3 3HAOBA-
CKynApHol (n=818), TpaauumoHHoi (n=195) n rmbpuaHon (n=467)
peBackynapusaumm koHeyHoctn y 1480 naumeHTtoB ¢ OMHK nokasan,
4TO 3HAOBACKYNAPHbIE BMELIATENbCTBA NO CPABHEHMIO C ABYMA ApY-
TMMW YKa3aHHbIMK Cnocobamuy NIeYeHUs CONMPOBOXKAAIOTCA ropasao
MEHBLKUM YMCNOM BOMbLIMX amnyTauuiAi U noTpebHoOCTel B remo-
TpaHcoy3uax 6e3 3HaUUMbIX Pa3NUUUMIA YACTOTbl IETANbHBIX UCXOA0B,
MOBTOPHbIX BMELLATENbCTB U pa3BUTUA MHbapKTa M1oKapaa. Kpome
TOro, N0 MHEHWIO aBTOPOB, M3-33 TOTO, YTO NPU OTKPbITLIX ONEepPaLMAX
TPOMB3IKTOMMA MPOBOANTCA BCAENYHO M 6€3 fONKHOTO aHrvorpaduye-
CKOTO KOHTPOAA, UMEIOTCA BCE BO3MOMKHbIE PUCKM 3aBepLUEHUA one-
paLuu He B NONHOM 06bEME, T.e. U3 MPOCBETA BETBEN MArnCTPasIbHbIX
apTepuit TPOMBOTUYECKME MAcChbl YAANAOTCA HE MONHOCTbIO. TaKKe
B NMOJOOHBIX C/ly4asX BbICOK PUCK dparmeHTaLymn TpOMBOTUYECKOrO
CryCTKa C ero murpaLieii B NpocBeT AWUCTa/bHbIX U KOANAaTePabHbIX
COCYA,0B M MOCNeayoLyM MacCMBHbIM TpOMBoobpasoBaHuem [8].

BmecTe ¢ Tem, HEKOTOpPbIE aBTOPbI NPUBOAAT OLHO U3 [NaBHbIX
Hef,0CTaTKOB IHA0BACKYNAPHBIX TEXHONOMMI — pa3BUTME KOHTPACT-WH-
AyumpoBaHHol HedponaTum [15, 16, 48, 49]. CheflyeT OTMETUTB, YTO
npn OAH HK B no3gHWe CpoKM ulwemun pas3BMBAETCA Ta UM UHAA
CTeneHb OCTPOrO MOYEYHOrO MOBPEXAEHUA, 0OYCNIOBNEHHOMO Kak
TOKCMHaMM, NOCTYNaOLWMMM U3 ULLEMU3NPOBAHHOM 30HbI, TaK U KOH-
TPaCTHbIM BELLECTBOM, W [AAHHbIV CMHAPOM acCOLMMPYETCA C BbICO-
KO YacToToW NeTanbHbIX Mcxoaos [16, 49].

AHanu3 onybanKoBaHHbIX PaboT NOKa3bIBAET, YTO NPU NPULLENb-
HOM PErMoHapHOM TPOMBO/IM3NCE HE BO BCEX CYYasX OTMeYaeTcs
noNHas ¢pparmeHTaLms TPOMOOB, 1 3TO ABAAETCA NMPUYMHOMN Pa3BM-
TVA paHHero petTpombosa cocyaos [39, 43, 44, 47]. Bonee Toro, Npu
pacTBOpPeHMN TPOMBOB MPOUCXOAMT UX PpparmMeHTaums ¢ ambonuen
[MCTaNbHOTO pyc/a, KoTopas NpYBOAUT K BbICTPbIM HEOOPATUMbIM
MU3MEHEeHMAM B TKaHsX [44].

K uncny apyrmx HeraTMBHbIX MOMEHTOB PervoHapHo Tpombo-
JIMU3UCHOW TepPanuUM OTHOCKTCA BbICOKMI PUCK KPOBOTEUEHMUS, KOTOpPOE
yalle BCero BO3HMKAeT Ha MecCTe NMYHKLMW apTepun 1 pas3suBaeTca y
1,2%-5,9% naumenTos [43, 47, 50, 51]. Ero npeaMKTOpaMm MoryT Bbl-
CTYNWUTb TPOMBOLMTONEHNSA, MPEK/IOHHBIN BO3PACT, HaIMYME BbICOKMX
Uunbp apTepuanbHOro AaBneHus, caxapHbli AuMabeT, a TakxKe W3bbi-
TOYHas f03a TpombonuTUKa [44, 50, 51].

K uncny apyrux HelocTaTKOB PEOSUTUHECKOW TPOMBIKTOMMM OT-
HOCUTCA HEBO3MOMXHOCTb TOTa/IbHON PEBACKYAAPM3ALIMN KOHEYHOCTU
C e NMOMOLLbI M3-33 Ha/IMUMA OPraHUYECKUX M3MEHEHWI COCYAOB,
BCTPEYAIOLLMXCA MOYTM Y NONOBUHBI NaupeHTos [45, 47]. 3To TpebyeT
npoBesEeHWA BTOPOI PeBaCKyNApMU3MPYIOLLE OnepaLymn cpasy uam B
6AvKaiilLMe CPOKKM Mocne PeosMTUYECKo TpombakTomun. OfHako,
13-3a BbICOKOTO PUCKA Pa3BUTUA KPOBOTEUEHMA Noc/ie Tpombonusnca
B BO/IbLUMHCTBE C/Ty4aeB HE UMEETCA BOSMOKHOCTU OLHOBPEMEHHOO
npoBesEeHWA BTOPOro 3Tana onepaLumn — pasinyHblX BapUaHTOB LUYH-
TMPOBaHWA cocynos [52].

Takum 0bpa3om, MTepaTypHble AaHHbIE NOKA3bIBAKOT, YTO Peo-
NIUTUYECKaA Tepanua UCMO/b3yeTCA B KayeCTBe OfHOTO U3 OCHOBHbIX
meTonos nevenna OAH HK, nossonatolLero BOCCTaHOBUTb NPOXOam-
MOCTb TPOMBMPOBaAHHBIX cOcyA0B. OfHAKO MOC/ae 3TOro BMeLLaTeb-
CTBA HEPEAKO UMeeTCA He0BXOAMMOCTb B NPOBELEHNUMN PEBACKYA3M-

lar changes, which occur in nearly half of the patients [45, 47].
It necessitates the second revascularization procedure either im-
mediately or shortly after rheolytic thrombectomy. However, due
to the high risk of bleeding following thrombolysis, performing
the second stage (various types of vascular bypass procedures) is
often not feasible [52].

Thus, literature data indicate that rheolytic therapy is used
as one of the primary methods for treating AAO-LL, allowing for
the restoration of occluded vessel patency. However, additional
revascularization procedures, either open or endovascular, are
often required after this intervention. Moreover, for various rea-
sons, this treatment method cannot be used as a first-line ther-
apy in nearly one out of four patients, necessitating alternative
treatment options.

The challenges above have led to the development of other
endovascular treatment methods for AAO-LL, including pharma-
comechanical thrombectomy using the Angiolet® [34], Rotarex®
[53], and Indigo® [23, 54] systems. In patients with contraindica-
tions to thrombolytic agents, these methods enable mechanical
fragmentation and aspiration of thrombi using specialized cath-
eter-mounted suction devices. After these procedures, patients
with acute thrombosis frequently require angioplasty or stenting
of affected vessels, while in embolic cases, control angiography is
necessary [34, 53, 54].

According to some reports, thrombectomy using the Angio-
Jet® system following rheolytic thrombolysis in AAO-LL patients
with underlying chronic critical limb ischemia demonstrated high
immediate effectiveness and significantly shortened hospitaliza-
tion duration. According to the authors, patient admission times
ranged from 3 to 32 hours, and each patient had an average of
4.7 co-morbid conditions. In no case was recurrent ischemia ob-
served in the operated limb within six months of follow-up, con-
firming the high effectiveness of the hybrid approach in treating
acute ischemic limb conditions [34].

Other specialists treated 23 patients with AAO-LL with a sev-
en-day ischemic duration using the Rotarex® system. Their find-
ings indicated a technical success rate of 95.7%, with a perioper-
ative complication rate of 13.1%. During follow-up ranging from 4
to 28 months, only one patient required limb amputation due to
thrombosis resulting from the self-discontinuation of anticoagu-
lant therapy [53].

Other researchers used vacuum catheter thrombaspiration
with the Indigo® system in 29 patients with AAO-LL. The proce-
dure's technical success rate was 90%, and the primary predictor
of good outcomes was a shorter time interval between ischemia
onset and surgical intervention [23].

Other authors propose improving treatment outcomes for
AAO-LL by combining endovascular and open surgical procedures,
including Fogarty catheter thrombectomy, balloon angioplasty
with stenting, and endovascular thrombus fragmentation and
aspiration in small vessels. This approach's technical and clinical
success rates in treating 52 complicated AAO-LL cases were 90.4%
and 80.8%, respectively. Vascular patency at 6, 12, and 24 months
was 91.4%, 86.1%, and 74.6%, respectively, while limb salvage
was achieved in 88.5% of patients. Patient survival at 6, 12, and
36 months was 82.6%, 80.2%, and 56.9%, respectively [24].

Some patients with late-stage AAO-LL are inoperable, and
in many cases, the only treatment option is conservative therapy
[11, 15, 55]. In this regard, some authors, using systemic throm-
bolysis in 48 patients with AAO-LL, achieved limb preservation in
89.6% of cases without requiring surgical intervention. However,
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pytoLIMX onepaLuii, KOTOpble OCYLLECTBAAIOTCA OTKPbITbIM NYTEM UK
C NPUMEHeHNEeM 3HA0BACKYAAPHbIX TexHonormin. Kpome Ttoro, B cuiy
Pa3/IMYHBIX MPUYMH HEBO3MOMKHO MCMONb30BaTh AaHHbIN cnocob ne-
YeHUA B KayecTse Tepanuu «nepsoi AMHun» OAH HK noutn y Kaxzo-
ro 4eTBEPTOro NaLMEHTa, B CBA3M C YeM BO3HMKAET HEObX0AMMOCTb B
NPUMEHEHWUMN APYTNX BaPUAHTOB IeYEeHUA.

BCé BbILLEN3IOKEHHOE IETI0 B OCHOBY Pa3paboTKu ApYrux sH-
[0BackynapHbix metogos nedeHna OAH HK, K umcny KOTopbIX OTHO-
cuTea U GapmaKko-mexaHUYecKas TPOMOIKTOMMA C UCMNOb30BAHUEM
cuctembl Angiolet® [34], Rotarex® [53] v Indigo® [23, 54]. Mpwu Hanu-
YuW y NaLmMeHTa NPOTUBOMNOKA3aHUM K MPUMEHEHUIO TPOMBOANUTUKOB
yKa3aHHble MEeTOAMKM MO3BOMAIOT MPOBECTU MexaHU4ecKyto ¢par-
MEHTAaLMI0 TPOMOOB 1 YAANWUTb UX aCIMPALMOHHBIM NYTEM C MOMO-
LLbIO CrieLManbHbIX KaTeTepOB-HacaoK. [locne 3THX e onepauuii He-
PEeAKO Y NaLMEHTOB C OCTPbIM TPOMBO30M BO3HMKAET HEODXOAMMOCTb
B QHTMONIACTUKE WAN CTEHTUPOBAHMM U3MEHEHHbIX COCYAO0B, a Npw
ambonusax — KOHTPoNbHas aHrmorpadus (34, 53, 54].

CornacHo HEKOTOPbIM aHHbIM, MPOBEAEHNE TPOMBIKCTPAKLMM
annapaTtom AngioJet® nocne peonutuyeckoro Tpombonmn3Mca y nauu-
eHToB ¢ OAH HK, pa3suBLUeiicA Ha NOYBE XPOHUYECKOW KPUTUYECKOW
ULLIEMMU, NMOKA3as0 He TONbKO BbICOKYIO HEMOCPeACTBEHHYIO I dek-
TUBHOCTb, HO W CMOCOBCTBOBAO 3HAYUMOMY CHUMKEHUIO MPOAOIKM-
TeNbHOCTU rocnuTanmsaumm. Mo gaHHbIM aBTOPOB, CPOKM NOCTyne-
HUA NaLMEHTOB BapbMpOBaM OT 3 A0 32 YacoB, @ y 04HOTo 60/1bHOrO
B CpesHeM Mmenochb 4,7 conyTcTByHOLWMX 3abonesaHuii. H1 B ogHOM
Cly4ae B TeYeHWe 6 mMecALEeB HabloAEHWA He OTMEYEHO peLvanBa
ULLIEeMMU OMEePUPOBAHHOMN KOHEUHOCTH, YTO MOATBEPKAAET BbICOKYIO
3PEKTUBHOCTb rMBpPUAHOTO Noaxoaa npu neveHmn OUHK [34].

OpaHu asTopbl Npu nedeHun 23 nauyneHtos ¢ OAH HK ¢ cemmcy-
TOYHBIM CPOKOM WLIEMWU, UCTIONBb3YA KOMMEKC Rotarex®, nokasanu,
YTO TEXHUYECKMI yCrex MexaHWU4YecKoW TPOMOIKTOMMM cocTaBseT
95,7%, a 4actoTa NepuonepaLmoHHbIX OCNOXHEHW — 13,1%. Mpwu
CpOKe HabntogeHus ot 4 o 28 mecsALeB TONbKO OLHOMY MaLMEHTY
6bifia BbINO/IHEHA amNyTaLMA KOHEYHOCTH M3-3a TPOMBO03a, BO3HMK-
Lero Ha NoYBe CaMOCTOATENIbHOTO NPeKpaLleHna NPUEéma aHTUKoary-
naHToB [53].

[pyrue yyéHble ana pesackynapmsaLm KoHeyHocTV 29 nauu-
eHTam ¢ OAH HK npumeHsanmn apyroi Buza, s3HA0BACKYNAPHOTO IeYEHNA
— BaKYYMHYIO KaTeTepHy0 TpombacnmpaLmio ¢ UCronb3oBaHUEM CU-
ctembl Indigo®. Mo faHHbIM aBTOPOB, TEXHUYECKUIA yCMex NpoLeaypbl
coctasun 90%, v raBHbIM NPEAVKTOPOM B MONYYEHUM XOPOLLMX pe-
3y/NIbTATOB ABWU/ICA MEHbLUMI NPOMENKYTOK BPEMEHM OT Hayana uile-
MWM [0 BbINOJHEHUA OMepPaTUBHOTO ieveHus [23].

[pyrne aBTopbl ANA YAYHLWEHUA Pe3ybTaToB JIeYeHna naLueH-
ToB ¢ OAH HK npeanaratoT KOMOMHMPOBaHHbIW NOAX0A, MYTEM CoYe-
TaHWA 3HA0BACKYNAPHBIX U OTKPbITBIX ONepaLyii — TPOMBIKTOMUIO €
Ucnonb3oBaHMem Katetepa ®orapT, 6aANOHHYIO aHIMONNACTUKY CO
CTEHTUPOBAHMEM, @ TaKKe GpparMeHTaLMIo U acnupaLmio Tpomba u3
MENIKMX COCYZ0B 3HA0BACKYNAPHBIM MYTEM. TEXHUYECKUN U KIAUHU-
YECKUI yCnex UCMNob30BaHMA TaKoM TaKTUKM NPU neYeHnn 52 cnox-
HbIx naumeHToB ¢ OAH HK coctasun 90,4% n 80,8% COOTBETCTBEHHO.
MpoxoammocTb cocynos yepes 6, 12 n 24 mecaues coctasuna 91,4%,
86,1% 1 74,6% cOOTBETCTBEHHO. Y4,a/10Ch CNACTX KOHEYHOCTb OT amny-
Taumm y 88,5% nauneHToB. BoiknBaemocTb Yepes 6, 12 n 36 mecaues
cocTasuna 82,6%, 80,2% v 56,9% cooTBeTCTBEHHO [24].

Yactb naumeHTos ¢ OAH HK npu no3gHmx cpokax mwemun fas-
NAETCA MHKYPAbenbHOM B XMPYPruyeckom niaHe, U, HePeaKo, efnH-
CTBEHHbIM METOZOM /IeYEHUA ABNAETCA KOHCEPBATUBHAA Tepanus [11,
15, 55]. B 3TOM HanpaB/ieHUM HEKOTOPbIE aBTOPbI, UCMONb3YsA CUCTEM-
HbI TpoMboM3NC Npu nevyeHnn 48 naumerToB ¢ OAH HK, y 89,6%
[06UAUCh COXpaHeHUA KOHeYHOCTM 6e3 npoBeAeHUs ornepaTMBHOrO
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in 10.4% of cases, patients with thrombosis of previously implant-
ed grafts required reconstructive surgeries. Additionally, 8.3% of
patients experienced hemorrhagic complications, and 6.3% un-
derwent limb amputation, but no deaths were reported in the
study [42].

A clinical case report published in 2020 described the suc-
cessful use of systemic thrombolysis in a 67-year-old female pa-
tient with paradoxical embolism of the common femoral, sub-
clavian, and superior mesenteric arteries. As the authors noted,
due to the patient's critical condition, vascular surgeons refused
to perform open surgery, and interventional specialists rejected
an endovascular approach, making systemic thrombolytic thera-
py the only viable treatment option. This approach successfully
eliminated acute ischemia, preserved the limb, and allowed for
patient discharge in relatively stable condition [51].

Unfortunately, this technique has several drawbacks, the
most significant being hemolysis due to mechanical erythrocyte
damage, which occurs in 0.2%-3.7% of cases. To reduce this com-
plication rate, the authors suggest shortening the procedure time
when the device is activated and using extracorporeal detoxifica-
tion methods when necessary [42, 51].

An analysis of the literature shows that, to date, there have
been no large-scale, randomized, multicenter studies evaluat-
ing the long-term effectiveness of endovascular methods in the
treatment of ALLI. This approach is also supported by a recently
initiated study under the auspices of the European Vascular Re-
search Collaborative [40]. This project involves the largest clinics
from 12 European countries, where, over a five-year period, the
effectiveness of endovascular interventions in preserving lower
limbs in patients with ALLI will be assessed.

To ensure precise diagnosis of vascular wall changes and
to adequately restore vessel patency following endovascular re-
vascularization, intravascular imaging techniques are often used,
primarily in large specialized clinics abroad [56-59]. It should be
noted that there is currently limited data on its diagnostic accura-
cy for ALLI, and recommendations regarding its use as a primary
diagnostic tool for primary vascular changes and residual steno-
ses are not always consistent [57]. A recently published study
showed that the use of intravascular ultrasound (IVUS) in patients
who had undergone endovascular interventions on lower limb
arteries did not significantly reduce limb amputation rates with-
in six months after surgery (OR 0.98; 95% Cl: 0.77-1.25; p>0.05)
[56].

At the same time, according to a multicenter clinical study
conducted between 2016 and 2022 aimed at improving the treat-
ment of patients with femoropopliteal segment lesions, in addi-
tion to IVUS, the widespread use of drug-coated balloons is also
necessary. The authors, using this tactic in the treatment of 119
patients, showed that after these procedures, one-year prima-
ry vessel patency significantly increased (83.8%), whereas after
angioplasty with plain balloons, full primary vessel patency was
observed in 70.1% of patients (cumulative difference 19.6%; 95%
Cl: 6.8-32.3; p=0.01). Moreover, the absence of a need for repeat
interventions on the target vessel in the first group was observed
in 92.4% of patients, while in the cohort that underwent standard
angioplasty, this figure was 83.0% (cumulative difference 11.6%;
95% Cl: 3.1-20.1; p=0.02). The authors also note a significant dif-
ference in the rate of clinical improvement of the operated limb
(89.1% versus 76.3%; p=0.01) and in the restoration of its hemo-
dynamics (82.4% versus 66.9%; p=0.01) between the two patient
groups one year after the interventions [57].
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neyenus, B 10,4% HabnogeHuii npu Tpombo3e paHee HaNOKEHHbIX
TpaHcNAaHTaToB NOTPeboBasoCh NPOBEAEHWE BOCCTAHOBUTENbHbIX
onepauuii. bonee Toro, y 8,3% nauveHTOB OTMEYeHbl remopparuye-
CKMe OCNOXKHeHUs, 6,3% mauveHTam NoHagobunack amnyTauua Ko-
HEYHOCTH, a NeTaNbHbIX UCXOA0B He Bbl10 3aPUKCMPOBAHO HU B O4-
HOM HabnoaeHuu [42].

MHTepecHbIM sBnseTcs onybankosaHHoe B 2020 roay KnnHuye-
CKoe HabntoaeHue, e bbin yenewHo UCnoNb30BaH CUCTEMHbIN TPOM-
60/1131C B NeYeHUN 67-NeTHeW NaLMEeHTKM C NapagoKcasbHOM aMbo-
nven oblwei bespeHHON, NOAKMOUYMYHON U BepxHel BpblxKeeyHow
apTepuii. Kak 0TMeuYatoT aBTopbI, M3-3a TAMKENOrO COCTOAHUSA NaLMEHT-
KW COCYANCTbIE XMPYPIY OTKA3aIMCb OT OTKPBITON OnepaLymm, a UHTep-
BEHLIMOHWCTbI — OT SHA0BACKY/NSPHOW, B CBA3M C YEM EAMHCTBEHHbIM
METOAOM IEYEHUA CIYKUA CUCTEMHAA TPOMBOAUTUYECKAs Tepanus,
MO3BOMMBLUAA MONHOCTLIO IMKBUAMPOBATL OCTPYHO MLIEMMIO, COXpa-
HWUTb KOHEYHOCTb U1 BbINMCATb MALMUEHTKY B OTHOCUTE/IbHO YI0BNETBO-
puTeNbHOM cocTosHUM [51].

K coxaneHuto, aTol MeToaMKe CBOWCTBEHHbI HEKOTOPbIE HeAo-
CTaTKM, MNaBHbIM U3 KOTOPbIX ABASETCA FeMO/IU3 U3-3a MEXaHUYECKOTO
NOBPEXKAEHNA IPUTPOLMTOB, YACTOTa BCTPEYAEMOCTU KOTOPOro CO-
cranfaet 0,2%-3,7%. [Ana CHUXKeHWA 4acToTbl AAHHOMO OC/OXHEHUA
aBTOPbI NPEANAraloT YMEHbLWUTb MPOAOMKUTENBHOCTL ONepaLmn ¢
BK/IFOYEHHbBIM annapaTom, a TaKKe CBOEBPEMEHHO NMPUMEHUTb JKC-
TpaKopnopasbHble MeToAp! AeTOKCMKaLmu [42, 51].

AHanM3 AaHHbIX UTepaTypbl NOKA3bIBAET, YTO A0 HACTOALLETO
BPEMEHM He MmeeTcA 60/bLMX PaHAOMMU3UPOBAHHbBIX MHOTOLEH-
TPOBbIX WCCNEA0BAHMI MO U3YYEHUIO OTAANEHHOW 3DPEKTUBHOCTM
3HA,0BACKYNAPHbLIX MeToZ0B B eueHnn OAH HK. O6 aTom TaksKe CBU-
[EeTeNbCTBYET HeAaBHO HAaYaToe UCCNeaoBaHMe nog arnaoi European
Vascular Research Collaborative [40]. B 3Tom npoeKTe y4acTBytoT ca-
Mbl€ KpYMHble KAMHWKKM 12 cTpaH EBpoNbI, rae Ha NpOTAXKEeHUMU NATU
net byaeT uccnenoBaHa U M3yyeHa 3G HEeKTMBHOCTb SHA0BACKYNAPHbIX
BMELLATENIbCTB B COXPAHEHUM HUMKHUX KOHEYHOCTEW Y MaLMEHTOB C
OAH HK.

C uenblo NpULENbHON AMArHOCTUKM U3MEHEHMI COCYAMUCTOM
CTEHKM W af,eKBaTHOrO BOCCTAHOB/IEHUA NPOXOAMMOCTU UX MPOCBETA
rocae 3HA0BaCKyNApHOW pesackynapusaumm HK Hepeako Mcnonbay-
0T BHYTPUCOCYANCTbIE UCCNEA0BAHNSA, B OCHOBHOM B KPYMHbIX 3apy-
6eXKHbIX CNEeLMann3npPoBaHHbIX KIMHMKaX [56-59]. CneayeT oTMETUTD,
4TO B HACTOALLEE BPEMA UMEIOTCA OFrpaHMYeHHble AaHHbIe MO AWarHo-
cTnyeckon eé TouHoctn npu OAH HK, a pekomeHaauuu no eé npw-
MEHEHWIO, KaK OCHOBHOIO MHCTPYMEHTA AMArHOCTUKM KaK NepBUYHbIX
M3MEHEHMM, TaK M OCTaTOUYHbIX CTEHO30B, HOCAT He BCErAa CXOXKMIA Xa-
pakTep [57]. Tak, B HeaaBHO onybaMKoBaHHOM paboTe 6biao NoKasa-
HO, YTO NpUMeHeHne BHyTpucocyauctoro Y3M (BCY3UN) y naumeHToB,
nepeHECLUMX SHA0BACKYNAPHbIE BMELIATeNbCTBA Ha apTepuax HK, He
0Ka3ano 3HAYMMOrO BAMAHWUA B CHUMKEHMUM YacCTOTbl amnyTaLuu Ko-
HeYyHoCTU Yepes 6 Mecsues nocne onepaumn (OP 0,98; 95% AN: 077-
1,25; p>0,05) [56].

Bmecte ¢ Tem, no gaHHbIM nposeagHHoro B8 2016-2022 rr. mHO-
TOLLEHTPOBOIO K/IMHWMYECKOTO WCCNEA0BAaHWUA C LEMb0 YAYYLIEHWs
NleYeHVA NaUMEHTOB C NMopaxkeHnem befpeHHO-NOAKONEHHOMO Ccer-
MeHTa, Kpome BCY3W, TakKe HEOOXOAMMO LUMPOKOE UCMONb30BaHME
6aNN0HOB C JIEKAPCTBEHHbBIM MOKPbITHEM. ABTOPbI, UCMONb30BAB Ta-
KYH TaKTUKY B fiedyeHnn 119 naumeHToB, Nokasanu, 4to nocne 3Tux
onepawLmii rogMYHan nepBuYHan NPOXOAMMOCTb COCYA0B 3HAUUTENb-
Ho Bo3pacTaeT (83,8%), Toraa Kak noc/ie aHrMonaacTUKK ¢ MOMOLLbHO
6ann0HOB 63 NeKapCTBEHHOO NOKPLITUA NONHAA NEPBUYHAA NPOXO-
AMMOCTb cocyaoB Habntoganack y 70,1% nauMeHToB [KymynsaTUBHan
pasHuua 19,6%; 95% AW: 6,8-32,3; p=0.01]. Kpome Toro, otcyTcTBune
HeobxoaMMOoCT1 B NMPOBEAEHMM MOBTOPHbLIX BMELLATE/bCTB Ha Lene-

Researchers more than two decades ago noted the advan-
tages and high efficiency of IVUS. According to them, this meth-
od, compared to contrast angiography, provides more detailed
information about the morphological changes in small and large
arteries affected by thrombosis or atherosclerosis and can also be
useful in performing angioplasty and/or stenting of blood vessels
[58].

A systematic review and meta-analysis, including eight stud-
ies and 93,551 patients, showed that endovascular interventions
with and without IVUS had similar immediate results in terms of
primary vessel patency (OR 1.30; 95% Cl: 0.99-1.71; p=0.062),
and the rate of repeat interventions was almost identical (OR
0.41; 95% Cl: 0.15-1.13; p=0.085). Additionally, overall mortali-
ty (OR 0.76; 95% Cl: 0.56-1.04; p=0.084), limb amputation rates
(OR 0.83; 95% Cl: 0.32-2.15; p=0.705), and myocardial infarctions
(OR 1.19; 95% Cl: 0.58-2.41; p=0.637) were similar between the
groups. However, the use of this imaging method significantly re-
duced the risk of periprocedural non-specific (OR 0.81; 95% Cl:
0.70-0.94; p=0.006) and vascular (OR 0.81; 95% Cl: 0.68-0.96;
p=0.013) complications [59].

Thus, an analysis of the literature data indicates that the
widespread use of IVUS in lower limb vascular disease requires
further clarification, as the available data are contradictory.
Therefore, extensive scientific studies will help determine the ef-
fectiveness of IVUS as one of the primary methods for improving
the outcomes of endovascular lower limb revascularization.

CONCLUSION

In recent years, endovascular revascularization technologies
have been actively used to treat patients with ALLI, demonstrat-
ing excellent immediate results compared to traditional surgical
interventions. However, the long-term outcomes of their use in
an isolated mode or a hybrid approach with open interventions in
the treatment of ALLI require further study. Moreover, according
to various specialists, endovascular technologies have not signifi-
cantly reduced the incidence of limb amputations in patients with
late-diagnosed ALLI.

Literature data demonstrate the need to improve exist-
ing endovascular treatment methods for ALLI further, primarily
aimed at reducing the incidence of early rethrombosis and limb
amputations. In addition, the presence of multiple comorbidities
is a direct contraindication to endovascular treatment methods
due to the adverse effects of contrast agents and thrombolytic
drugs used during these interventions on target organs. There-
fore, there is a need to develop alternative approaches that do
not involve iodine-based contrast agents. In this regard, scientific
research on the long-term outcomes of endovascular treatment
for ALLI remains relevant and promising.
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BOM COCyZe B NepBoii rpynne umenock y 92,4% naLueHToB, TOrAA Kak
B KOTOpTE, NepeHEcLUei CTaH4aPTHY aHTMONNACTUKY, OHA COCTaBMAA
83,0% (KymynatuBHas pasHuua 11,6%; 95% AM: 3,1-20,1; p=0.02]. As-
TOPbI TaKKe OTMEYAOT 3HAUYUTENbHYHO Pa3HULLY B YacTOTe KAWMHUYe-
CKOTO y/lyyLLEeHUA OnepupoBaHHoOM KoHeuyHocTH (89,1% npotus 76,3%;
p=0.01) v BoccTaHOBNEHUM €€ reMoauHaMmuKK (82,4% npotus 66,9%;
p=0.01) mexay ABYMA rpynnamu NaLMEHTOB CNYCTA rog, OT NPoBeaEH-
HbIX BMeLLaTenbCTs [57].

O page NpenmyLLecTB M BbICOKON addeKTnBHOCTM BCY3U ewé
bonee ABYX AECATUNETUI Ha3aj OTMEYEHO McCaenoBaTensmu, Mo
[aHHbIM KOTOPbIX 3TOT METOA, N0 CPAaBHEHMIO C KOHTPACTHOW aHrMo-
rpadueit no3sonseT nonyuntb 6onee NogpobHyo MHGOPMALMIO O
MOPPONOrNYECKUX UMEHEHUAX MENKUX M KPYMHbIX apTepuin npwu
TPOMBOTUYECKOM WU/ aTePOCKIEPOTUYECKOM UX MOPAXKEHUM, A TaK-
e MOXET BbITb M0ME3HbIM MPU BbINOAHEHWUM aHTMONAACTUKM U/ UK
CTEHTMPOBaHWA cocyaos [58].

B ogHOM M3 cucTemaTMyeckmx 0630pOB M MeTa-aHa/sM30B C
BK/toYeHNem 8 nccnenosaHuii M 93551 naumeHTa nokasaHo, YTo aH-
[L0BaCKY/NIApHbIE BMeLIaTeNbCTBa C U 6e3 npumeHeHus BCY3U umenn
CXOXKME HemnoCpeaCcTBEHHbIE Pe3yNbTaTbl N0 NEPBUYHON NMPOXOLUMO-
ctn cocygos (OP 1,30; 95% AW: 0,99-1,71; p=0,062), n yacTtota no-
BTOPHbIX MHTEPBEHLMIA Bblna NouTH ogmHakoson (OP 0,41; 95% AM:
0,15-1,13; p=0,085). Kpome TOro, 4acToTa NeTabHbIX UCXOA0B OT BCEX
npvumH (OP 0,76; 95% AM: 0,56-1,04; p=0,084), amnyTaLmmu KOHEYHO-
ctn (OP 0,83; 95% AW: 0,32-2,15; p=0,705) 1 uHdapKTOB MUOKapAa
(OP 1,19; 95% [1N: 0,58-2,41; p=0,637) bbina cxoxei mexay rpynna-
MU. OgHAKo NpUMeHeHWe 3TOro MeTofa BM3yanusauuu No3BoAnIO
3HAUUTENbHO CHU3WUTb PUCK Pa3BUTMA MePUNPOLEAYPHbIX Hecrneum-
¢wnueckmx (OP 0,81; 95% AW: 0,70-0,94; p=0,006) u cocyauctbix (OP
0,81; 95% [1U: 0,68-0,96; p=0,013) ocnoxHeHwi [59].

Takrm 06pa3om, aHanM3 AaHHbIX IUTEPATYPbl MOKA3bIBAET, YTO
BOMPOC WKMpPOKoro npumeHenna BCY3W npu noparkeHuax cocyaos

HK TpebyeT yTouHeHMs, TaK Kak UMetoLLMecs faHHble HOCAT NPoTH-
BOPEUMBbIN XapaKTep. B cA3u ¢ aTum, byayT nonesHbIM NpoBeAeHVe
KPYMHbIX HAay4HbIX MCCNeAoBaHWUM no onpeaeneHunto sbGeKTUBHOCTH
BCY3W KaK 0HOTO M3 OCHOBHbIX NyTEN yay4YLleHUA Pe3yNbTaToB SHAO0-
BACKYNAPHOWM PEBACKYNAPM3aALLIUM KOHEYHOCTU.

3AKNIOYEHUE

B nocneanwue rogbl B8 nevyeHmmn naymeHtos ¢ OAH HK ctanm ak-
TUBHO NPUMEHATLCA SHAO0BACKYNAPHbIE TEXHONOMMM peBacKynApu3a-
LMK, NOKa3aBLUMeE NPEeBOCXOAHbIE HENMOCPeACTBEHHbIE pe3ybTaThbl N0
CPaBHEHWUIO C TPAAMLMOHHLIMKU OMNEPaTUBHLIMKU BMELLATENbCTBAMM.
OaHaKo oTAanéHHble pe3ynbTaTbl X MPUMEHEHWA B U30/IMPOBAHHOM
BapuaHTe UM B TMOPUAHOM PeXMME C OTKPbITBIMU BMELLATeNbCTBA-
MK npu nedennun OAH HK TpebytoT ganbHelwero usyydexus. bonee
TOro, NO J@HHbIM PA3/IMYHbIX CNELMANNCTOB, SHAOBACKYNAPHbIE TEX-
HOMOTMK He MO3BONWAM CYLLECTBEHHO CHU3UTb YacTOTy amnyTaLuii
KOHEYHOCTM Y NALMEHTOB C NO34HO AnarHocTupoBaHHoi OAH HK.

NnTepaTypHble  JaHHble  AEMOHCTPUPYIOT  HeobxoAMMOoCTb
[anbHEeMNLWEero yCoBepLIEHCTBOBAHUA CYLLECTBYHOLLMX METOZLOB SHAO-
BackynapHoro nevyenna OAH HK, HanpaBneHHbIX, Npexae Bcero, Ha
CHWYKEHME YacTOTbl PaHHMX PETPOMOO308B M amnyTaLLMii KOHEYHOCTY.
Kpome Toro, Hannume paga conyTcTBytoLmx 3abonesaHuin agnaeTca
NPAMbIM MPOTUBOMOKA3aHMEM K MPUMEHEHUIO 3IHAO0BACKYNAPHbIX
METOA0B NeYeHUA M3-33 OTPULLATENbHOTO BAMAHWUA MCMOMb3YEMbIX
KOHTPACTHbIX BELLECTB ¥ TPOMOOIUTUYECKUX NMPENapaToB B XO4E 3TUX
BMeLLATeNbCTB Ha OPraHbl-MULLEHW, B CBA3M C YeM MMeeTcA Heobxo-
[MMOCTb B pa3paboTKe anbTepHATUBHbIX MeTOA0B 6e3 NpuMeHeHUs
ofcoaepKaLLMX KOHTPACTHbIX BeLlecTs. B cBA3W ¢ 3Tum, HayuyHble
MccnefoBaHNUA, HaMpaBaeHHble Ha U3ydeHue OTAANEHHBIX pPe3y/bTa-
TOB 3HAOBackynApHoro neveHna OAH HK, ABnAtoTCcA akTyaNbHbIMK U
nepcneKkTUBHbIMM.
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