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Llenb uccnepoBaHUA: CpaBHEHWE PE3ybTaToOB ABYX PAas/IMYHbIX METOA0B MUKPOCOCYAMCTOrO aHaCTOMO3a — C UCMO/Ib30BAHNEM CTEHTA U 06ObIYHOTO
PYYHOTO CLUMBAHMA.

Martepuanbl U meToapbl: obcnesoBaHo U nposieveHo 40 NaLMEHTOB CO 3/10KAYECTBEHHBIMM OMYXONAMM Pas/IMYHOM SIoKanusaumn. Bcem naumeHTam
BbIMNONHEHbI PafiMKaNbHOE YAaNeHWe HOBOOOPa30BaHUI U PEKOHCTPYKTMBHbIE OMepaLyuu C NepecajKon NOCKYTOB PasnyHbIX TUMOB. B ocHOBHOM
rpynne (Or, n=20) MUKPOCOCYANCTbI aHaCTOMO3 MeXAY IOCKYTOM U PeLMnUeHTHO 30HON Bbll HAIOXKEH C UCMO/Ib30BAaHMEM CTEHTA. B KOHTPONbHOM
rpynne (KI, n=20) MMKpoaHacTomo3 6bia1 cGOPMMPOBAH KNacCMUYECKMM CMocoboM — pydHbIM CluMBaHWeM. Beero B O 6bi10 HanoxkeHo 20 apTepuanb-
HbIX 1 34 BEHO3HbIX MMKpOaHacTomo30B, B KI'— 20 1 32 cooTBeTCTBEHHO.

Pe3ynbTaThl: CTaTUCTUYECKM 3HAYMMOI PasHULbI MO TAKOMY NapameTpy, Kak NPUKMBIEHWE NIOCKYTa, B CPAaBHUBAEMbIX rpynnax He oTMeyeHo (no 85%
CNy4aeB NPUXKMBAEHWUA B Kax Aol rpynne). CTaTUCTUYECKM 3HAYMMOI OKasasiacb PasHULIA BO BPEMEHW HANIOKEHWUA MUKpoaHacTomosos: B OF, npu
MCMNOb30BAaHUM METOAUKM CTEHTUPOBAHMA, OHO Bbio 6onee, yem B 2 pasa MeHbLUe, Yem B Tpynne, rae MUKPOaHACcTOMO3bl Bblin chOpMUPOBaHbI
K/AaCCUYECKM — METOLOM PYYHOro clunsanus (p<0,001).

3aKk/o4YeHmne: B UCCNef0BaHUM Bbl0 YCNELWHO AOCTUTHYTO CO3A4aHNe MUKPOCOCYAMUCTOTO aHacToMO3a C UCMO/b30BaHWeM cTeHTa. OCHOBHbIMM Npe-
MMyLLLeCTBaMM pa3paboTKM JaHHOTO MEeToAa ABWUIUCH 3aMETHOe COKpalleHWe BpeMeHu onepauyu, a, CNefloBaTebHO, U BPEMEHU ULLeMUK, MUHK-
MM3aLMA TPaBMbl, @ TaKKe BO3MOXKHOCTb TOYHOTO COMOCTaBAEHMA KaXA0ro COCYANCTOrO C10A NMPOKCMMANbHOMO U AUCTaNbHOMO KOHLOB CLUMBAEMBbIX
cocyn08 Npu GOPMMUPOBAHUM MUKPOAHACTOMO3a Ha CTEHTe.
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Objective: To compare clinical outcomes between stent-assisted microvascular anastomosis and conventional manual suturing.

Methods: This study evaluated 40 patients undergoing radical tumor resection and subsequent free flap reconstruction. The observation group (OG, n=20)
underwent flap-to-recipient microvascular anastomosis using a stent-assisted technique. The control group (CG, n=20) received classical manual suturing.
Flap transfers involved 20 arterial and 34 venous anastomoses in the OG, and 20 arterial and 32 venous anastomoses in the CG.

Results: Flap survival rates showed no statistically significant difference between the two cohorts, reaching 85% in both groups. However, the OG
demonstrated a highly significant, two-fold reduction in anastomotic time compared to the CG (p<0.001).

Conclusion: Stent-assisted microvascular anastomosis is a highly viable surgical alternative. The technique significantly minimizes operative and ischemic
times, reduces vascular trauma, and ensures precise, layer-by-layer anatomical alignment of the proximal and distal vessel walls.
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BBEOEHUE

CerofiHs B OHKOXMPYPr1M BCE Yalle UCMO/b3YIOTCA PaclIMpeH-
Hble, KOMOWHMPOBaHHbIE OMepaLyu, MO3BOMANLWME 3HAYUTENBHO
YNYYLWWUTb OHKONOTMYECcKUi nporHos [1]. MauueHTbl ¢ OHKosMoruye-
CKUMU 3360/1eBaHUAMM, NMEPEHECLLME MUKPOXUPYPTUYECKYIO PEKOH-
CTPYKLMIO, MOABEPIKEHbI BbICOKOMY PUCKY Tpomboambonuu. Xots
npodwuaaKkTKa TPOMH603MBOINM CTasa BaXKHbIM aCMEKTOM JIEYEHUS, B
0613aCT MUKPOXMPYPIM ONACEHMA NO NOBOAY aHACTOMOTUYECKMX OC-
NOMKHEHWUI NPenATCTBOBa/IM CO34aHUI0 0BLLENPUHATOMO pexmma [2].
Co3aHue ycnewHbIX MUKPOCOCYAUCTbIX aHAaCTOMO30B, HECOMHEH-
HO, AB/IAETCA OLHUM U3 Hanbosiee BaKHbIX 3TanoB Npu BbINONHEHUN
cBob0AHOM nepecaskn TkaHeW. OAHAKO MAeanbHAA TEXHUKA 4YacTo
ABNAETCA NpesMeToM cnopos [3, 4]. YacTota Heyaay npu nepecagke
cBO6OAHbBIX JIOCKYTOB COCTaB/AeT NpUban3nTensHo 5%, B OCHOBHOM
13-3a TPOM603a MMKPOCOCYAMCTOrO aHacTomo3a [5].

BbiNosHEHWEe apTepuanbHOTO aHAaCTOMO3a KOHeL, B KOHEL, Uau
KOHeL, B BOK ABNAETCA HEOTHEM/IEMOM YacTblO NpesonepaLMoHHOMo
NNAHUPOBAHMA W MPUHATUA UHTPAOMNEPALLMOHHDBIX PELLEHWI Npu pe-
KOHCTPYKLMAX Ha OCHOBe cBOBOAHOrO I0cKyTa [6]. B TO e Bpems,
peLleHu1e O BbINONHEHUM apTePHUANbHOTO aHACTOMO3a KOHELL B KOHeL,
WM KOHeL, B BOK AOMKHO NPUHMMATBCA B 3aBUCKMOCTM OT KayecTsa
W [OCTYNHOCTW COCYyAa-peLunmenTa, YTobbl COXPaHUTb AWCTaNbHYO
nepdysuio [7].

VIHTEPNO3WLMOHHbIE BEHO3HblE TPAHCMNAHTATbl U COCYANCTbIE
MOCTOBbIE /IOCKYTbl MCMO/B3YIOTCA B Ka4ecTBe COCYAMCTOTO KOHAyW-
Ta MPU CNOMKHbIX PEKOHCTPYKLMAX [8]. LLIOBHbIA aHacTOMO3 OCTaéT-
A 30/10TbIM CTAHAAPTOM B MUKPOCOCYAUCTOW XMPYPruM, OOHAKO He
NMWEH HeJO0CTAaTKOB B M/IaHE OCNOXKHEHUI U ONTENBHOCTM onepa-
Lmu, TpebytoLLeli BbICOKOTO YPOBHS OMbITa. YCnex MUKPOCOCYANCTOrO
LIOBHOMO aHAacTOMO3a OMNpPefensercss KOPOTKUM MLIEMUYECKUM WH-
Tepsanom [9]. [laxke Npu yAOBNETBOPUTENLHON TEXHWUKE aHACTOMO3a
W [,OCTAaTO4HOM OfbITE XMPypra NoTeps NOCKyTa 13-3a Tpomb0o3a Bcé
PaBHO MOXET MPOM30WTU M3-33 OCHOBHOTO 3abo/seBaHWA NaLyeH-
Ta [10, 11]. Y naumeHTOB C OMYyXONAMM FON0BbI U LUEW, NePEHECLUNX
WENHYI0 IMMbOIMUCCEKLMIO, AOMONHUTENIBHO OTMEYAETCA YacToe OT-
CYTCTBME COCYA0B — NMOTEHLMANbHBIX PELMMUEHTOB, a TaKKe Hauuue
nepuagBeHTULManbHbIX pybuos [12]. C momeHTa onvcaHusa Nepsoro
MUKPOCOCYAMCTOrO aHaCTOMO3a 6b1/10 NPeS/I0KEHO MHOMKECTBO aflb-
TepHaTVBHbIX MeTogoB [13].

Mo CpaBHEHWIO C LIOBHbIM aHAaCTOMO30OM MWKPOCOCYAMUCTbIN
aHacToMo3 C UCMO/b30BAHMEM CTEHTA in Vivo MoKasan NpocToTy Wc-
nonb30BaHWUS, a Takke Bosee KOPOTKoe Bpems, HeobXxoauMOoe ANs ero
Ha/NIOXEeHUA, MEHbLUYIO TPaBMATUYHOCTb M MEHbLLYIO KPOBOMOTEPIO
[14].

Micnonb3oBaHuWe yCTPOWMCTB /15 BEHO3HOTO aHacTOMO3a Npw pe-
KOHCTPYKLIMSAX FON0BbI U Len CBOBOAHBIM IOCKYTOM BUSET Ha Npo-
LLeCC onepauyu, CoKpaLlas eé NpoAoMKUTENbHOCTb, YTO NPUBOAMT K
CHUKeHMIo 3aTpaT [15]. Takum 0bpasom, CoBpemeHHas auTepaTypa
[EMOHCTPUPYET aKTyasibHY0 MOTPEOHOCTb B PasBUTUM METOAMK pe-
KOHCTPYKTUBHON MUKPOXUPYPTUK.

LLENb UCCNEQOBAHUA

CpaBHeHwe pesynbTaToB ABYX Pa3/IMUHbIX METOLOB MUKPOCOCY-
[MCTOr0 aHaCTOMO3a — € UCMO/b30BAHUEM CTEHTA M 0BbIYHOTO PYYHO-
ro CLUMBAHUA.

MATEPUAN U METOADbI

VccnepoBaHve ABAAETCA MPOCMEKTUBHBIM, ABYXLEHTPOBbLIM
KNMHMKO-3KCNEPUMEHTA/IbHBIM,  KOHTPONMPYEMBIM,  MHHOBALMOH-

INTRODUCTION

In modern oncological surgery, extended and combined
resections are increasingly utilized to significantly improve long-
term oncological prognoses [1]. However, cancer patients un-
dergoing microsurgical reconstruction face a heightened risk of
thromboembolism. While thromboembolic prophylaxis is a criti-
cal component of postoperative care, ongoing concerns regarding
anastomotic complications in microsurgery have prevented the
establishment of a universally accepted regimen [2]. The success-
ful creation of a microvascular anastomosis is unquestionably one
of the most critical steps in free tissue transfer. However, the ideal
anastomotic technique remains a subject of ongoing debate [3,
4]. Free flap failure rates remain approximately 5%, primarily due
to thrombosis at the microvascular anastomosis site [5].

Selecting an end-to-end or end-to-side arterial anastomosis
is an integral component of preoperative planning and intraoper-
ative decision-making in free flap reconstructions [6]. This choice
must be tailored to the quality and availability of the recipient
vessel to preserve distal perfusion [7].

In complex reconstructions, interposition vein grafts and
vascular bridge flaps serve as vascular conduits [8]. Although
conventional suture anastomosis remains the gold standard in
microvascular surgery, it presents notable drawbacks. The tech-
nique is highly operator-dependent, technically demanding, and
time-consuming. Maximizing microvascular success hinges heav-
ily on minimizing the ischemic interval [9]. Even with meticulous
surgical technique and extensive clinical experience, flap loss due
to thrombosis can still occur due to the patient's underlying sys-
temic disease [10, 11]. Furthermore, patients with head and neck
tumors who have undergone cervical lymph node dissection fre-
quently present with a scarcity of suitable recipient vessels and
dense periadventitial scarring [12]. Since the description of the
first microvascular anastomosis, numerous alternative coupling
methods have been proposed [13].

Compared with manual suturing, in vivo microvascular anas-
tomosis using a stent has demonstrated superior ease of use,
shorter operative times, reduced tissue trauma, and lower blood
loss [14].

Additionally, the use of mechanical anastomotic devices in
free flap head and neck reconstructions optimizes the surgical
workflow by reducing operating room duration, thereby lowering
overall healthcare costs [15]. Consequently, current literature un-
derscores an urgent need to refine and develop efficient recon-
structive microsurgery techniques.

PURPOSE OF THE STUDY

To compare the clinical outcomes and procedural efficiency
of stent-assisted microvascular anastomosis against conventional
manual suturing in free flap reconstructions.

METHODS

This prospective, two-center, controlled clinical-experimen-
tal study evaluated an innovative microvascular coupling tech-
nique. The protocol was designed with a focus on translational
medical knowledge generation and strictly adhered to institution-
al bioethical principles governing both human clinical trials and
animal experimentation. To establish and validate the safety of
the stent-assisted microvascular technique for small-caliber ves-
sels, a preliminary experimental phase was conducted utilizing
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Puc. 1 Cxema npumeHeHUs memooa coeduHeHUs cocy0o8 Mano2o duamempa nymeém cmeHmu-
po8aHUS. 1 — wsbl-0epianku Ha cocydax, 2 — NPOBOOHUK 0718 CmeHma, 3 — mexHos02u4YecKoe 1
omeepcmue 0518 CmeHma 8 cmeHke cocyoa, 4 —cmeHm

Fig. 1 Schematic diagram of the stent-assisted microvascular anastomosis technique. 1 — Stay
sutures anchored on the proximal and distal vessel ends. 2 — Stent guide wire/introducer. 3 —
Micro-incision in the vessel wall for stent insertion. 4 — Intraluminal stent 2

HbIM C 3/1eMeHTaMM reHepaLyn HOBbIX 3HaHWI 1 cobtoaeHNEM BCEX
npaBwa BUOSTUKM ANsA YENOBEKA U KMBOTHbIX. Hamu 6bino paspabo-
TaHa MeTOAMKA CoeMHEeHNA COCYA0B MANoro AMameTpa NyTém CTeH-
TMpOBaHWA. N8 pa3paboTku AaHHON METOAMKM paHee Hamu Bblio
NnpoBeLEeHO IKCMNEepUMEHTaIbHOE UccaeaoBaHne Ha 60 nabopaTtop-
HbIX Kpbicax [16]. CxemMa NpMMeHeHUs MeToAa COeAMHEHUA COCYA0B
MaNoro AnameTtpa NyTém CTEHTMPOBAHWUA NpeAcTaBAeHa Ha puc. 1.

BbInonHeHWe MUKPOCOCYAMCTOrO aHaCTOMO3a Ha CTeHTe COCTO-
UT 13 4 3Tanos. Ha nepBom 3Tane MOBUAM3YIOTCA Kpas COCYA0B A0
15 mm. Ha 0 1 180 rpasycoB HaknaAblBalOTCA LWBbI-AEPKANKM, Yepes
[ONONHUTENbHOE OTBEPCTME B CTEHKE COCyAa BBOAWTCA MPOBOAHUK
cTeHTa. |l 3Tan: WBbI-4ePKaIKM HATATMBAIOTCA, TEM CamMblM CONMKasn
Kpas cocyaos. Il aTan: No NPOBOAHWUKY BBOAMTCA CTEHT, CepeamnHa Ko-
TOPOro NO3MUMOHMPYETCA NO AMHUKM aHacTomosa. IV sTan: Wwebl-gep-
Ma/KN 3aBA3bIBAIOTCA, CTEHT pPacnpaBfeH, MPOBOAHWK W3BIEYEH,
TEXHO/IOrMYEeCKoe OTBEPCTME HA CTeHKe COocyAa yWwuTo. AHAacTOMO3
chopmmpoBaH.

B KauecTBe maTepuana AN MUKPOCTEHTOB Obin BbIOPaH HUKe-
g tutana (NiTi), n Ha 6a3e OO0 «MWHMMANbHO MHBA3WUBHbIE TEX-
Honormum» (r. enesHomopoKHbIN, Poccus) 6bin pa3paboTaH CTeHT K3
3TOro maTepuana C CUCTEMOW [OCTaBKM A1 UMNIAHTALMK B COCYAbl
Masnoro AnMametpa. MMKPOCTEHT bbl pa3paboTaH TakMm obpasom,
YTO B pPacnpaBieHHOM BMAE €ro KapKac noadepXunBaeT COCyAmUCTYIO
CTEHKy, obecneynBas NoNHOLEHHbIN KPOBOTOK (puc. 2).

[inAa BBEAEHWA CTEHTA K MEeCTy UMNAAHTALMKN NMPUMEHANACH KO-
aKCMANbHAA CUCTEMA, COCTOALLLAA M3 HAPYMKHOIO KaTeTepa AMamMeTpoM
3F, BbINO/HEHHOrO M3 Ted/IoHa M CHAbXEHHOrO reMOoCTaTMYECKUM
KNanaHom. BHyTpeHHWI KaTeTep MCMO/Ab30BancA KaK ToJKaTeNb. B
KOHEYHOM WUTOre CUCTEMA BBOAMTCA Yepe3 UHTPOAbIOCEp B apTeputo

A Puc. 2 CmeHmM U3 HUKEAUOQ MUMAHG.
A — pacnpassneHue cmeHma npu evise-
deHuu u3 uHMpooblocepa, B—cmeHm 8
pacnpasneHHoM suoe

Fig. 2 Structural appearance and
deployment mechanism of the nickelide
(nitinol) microstent. A — Straightening and
expansion configuration of the stent during
deployment from the introducer sheath. B
— Fully expanded, self-retained microstent
in its final deployment form
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a cohort of 60 laboratory rats [16]. Following successful animal
model validation, the procedural workflow for intraluminal stent-
ing was standardized for clinical translation. The step-by-step
application of this stenting method for small-diameter vascular
anastomosis is illustrated schematically in Fig. 1.

The microvascular stent anastomosis procedure consists of
four distinct stages:

e  Stage I: The vessel edges are mobilized up to 15 mm,

and stay sutures are placed at 0 and 180 degrees. A
stent guidewire is then inserted through a separate
opening in the vessel wall.

e  Stage Il: The stay sutures are tightened to approximate

the vessel edges.

e  Stage lll: The stent is advanced over the guidewire, po-

sitioning its center directly along the anastomotic line.

e  Stage IV: The stay sutures are tied, the stent is straight-

ened, and the guidewire is removed. Finally, the open-
ing in the vessel wall is sutured to complete the anas-
tomosis.

Nickel-titanium (NiTi) was selected as the material for the
microstents. Minimally Invasive Technologies LLC (Zhelezno-
dorozhny, Russia) engineered this custom stent and delivery sys-
tem specifically for implantation in small-diameter vessels. Upon
deployment, the stent's framework expands to support the vas-
cular wall, thereby ensuring unobstructed blood flow (Fig. 2).

Intraluminal delivery of the microstent to the implantation
site was executed using a specialized coaxial system. This delivery
apparatus consisted of a 3-French Teflon outer catheter equipped
with an integrated hemostatic valve and an inner catheter acting
as a pusher mechanism. Under microscopic magnification and di-
rect visual guidance, the delivery system was advanced through
the vascular access port into the target artery or vein. Upon
reaching the target zone, the self-expanding nitinol stent was de-
ployed, anchoring itself securely across the anastomotic line.

The clinical portion of this study was con-
ducted at the Bukhara Branch of the Republican
Specialized Scientific and Practical Medical Center
of Oncology and Radiology, Bukhara, Uzbekistan. A
total of 40 patients undergoing oncological resec-
tions and free tissue transfers were enrolled and
allocated into two surgical cohorts:
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WX BEHY, X C MOMOLLbIO ONTUYECKOTO YBENNYEHWA NOZ BU3yaNbHbIM
KOHTPO/IeM MOABOAMTCA K MeCTy aHacToMo3npoBaHua. 1o mepe npo-
Liecca CTEHT CaMOCTOATEIbHO GUKCUPYETCA Ha MecTe aHaCcToMOo3a.

MccneposaHve nposoamunock B byxapckom ¢unmnane Pecny-
6/1IMKaHCKOrO CNeLyann3npoBaHHOMO Hay4YHO-MPAKTUYECKOTO LIEHTpa
OHKONOTMK U paguonoruu. MpoonepuposaHo 40 60nbHbIX. BonbHble
6b11M pasaeneHbl Ha ABe rpynnbi.

MepBas — ocHoBHaA rpynna (OF) — coctosna n3 20 6ONbHbIX, Yy
KOTOPbIX MMUKPOCOCYAMUCTbIN aHAaCTOMO3 GOPMUPOBANCA Ha CTEHTE MO
BbILIEOMNMUCAHHON MeToayKe. B rpynne 66110 11 MyXKUMH U 9 JKEHLLMH.
CamoMmy cTapLieMy NaLMEHTY MyKUMHe Bblno 72 roga, camoit Mono-
[l0V }eHWmHe naupeHTke — 31 roa (Taba. 1). /lokanmsauma onyxonei
B OF 6blna ceaytoLeit: pak f3blka — 9, paK HUMNKHeN rybbl — 2, paK
TKaHemn nua — 3, pak ropTaHoOINOTKM — 1, pak MONOYHOW Kenesbl — 5.

BTtopas rpynna — KoHTposibHasA (KI) — 20 60/1bHbIX, Y KOTOPbIX
MMKpPOaHacToM0o3 (pOPMMPOBANCA KAACCUYECKUM MeToaom. B aTon
rpynne My»K4YuH 6b110 13, KeHLWwmH — 7. Camomy CTapLIeMy MyKYMHE
6b11 81 roa, camolt Monofow KeHuimHe — 30 net (Taba. 1). Mo noka-
Nun3aumn: 16 onyxonei ronosbl U Weu 1 4 paka MONIOYHOW XKenesbl.

B Ol ypaneHve onyxonu ¢ OAHOMOMEHTHOM PEKOHCTPYKLMeN
BbINONHEHO B 14 HabaoaeHUsX, B 6 — Bbla OTCPOYEHHAs MUKPOXM-
pypruyeckas pekoHCTPyKumMA. [laHHble MO WMCMNO/Ab30BaHHbIM ayTo-
TpaHCNaHTaTam NpeacTaBaeHbl B Tabn. 2. B Kl rpynne yaaneHue ony-
XONW C OfHOMOMEHTHOW PEKOHCTPYKLMEN BbINOAHEHO B 15 ciyyasx,
OTCPOYeHHaA PEKOHCTPYKLMA — 5 nauueHTam. Mcnonb3oBanmnch Takxe
pas/MyHble ayTOTPaHCMAAHTaThl (Taba. 2).

Mpw ayToTpaHcnaaHTaumm 20 nockytos B OF 6bl10 chopmupo-
BaHO 20 apTepuanbHbIX, 34 BEHO3HbIX M 5 MeXKHeBpPaNbHbIX aHACTO-
M030B. M3 Hux 10 apTepmranbHbix M 20 BEHO3HbIX aHACTOMO30B HblNn
chOpMMPOBaHbI METOAOM CTEHTUPOBAHUA. MHPOpMaLLMA No BUAaM K1
KONMYECTBY MMKPOAHACTOMO30B NpecTaB/eHa B Tabn. 3.

Bce onepauun 6bin BbINOMHEHbI OAHUM Xupyprom. [ns Ka-
KOOM onepauuu  PerucTpupoBasuCh NapameTpbl, BK/KOYABLIME
BPEM#, 3aTPAYeHHOE Ha Ha/JIoXKeHMe aHacTomosa, obLumii nepuog,
MLWEMMUK NOCKYTa U MPOXOAMMOCTb COCYA0B. HUxKe npescTaBneHbl He-
CKONbKO K/IMHUYECKUX NPUMEPOB.

Tabauya 1 PacnpedeneHue 60716HbIX NO NOAY U NO I0KAAU3AUUU Oegekma

My>KunHbI

HeHwmHb!

Observation group (OG, n=20): This cohort underwent
stent-assisted microvascular anastomosis using the novel tech-
nique described above. The group comprised 11 male and 9 fe-
male patients, aged 31 to 72 years (Table 1). Primary tumor lo-
cations included the tongue (n=9), face (n=3), lower lip (n=2),
hypopharynx (n=1), and breast (n=5).

Control group (CG, n=20): This cohort underwent microvas-
cular anastomosis via conventional manual suturing. The group
included 13 male and 7 female patients, aged 30 to 81 years (Ta-
ble 1). Anatomical tumor sites consisted of head and neck malig-
nancies (n=16) and breast cancer (n=4).

In the OG, 14 patients underwent tumor resection with
immediate free flap reconstruction, while 6 underwent delayed
reconstruction; in the CG, 15 underwent immediate and 5 under-
went delayed reconstruction. A variety of autografts were utilized
across both cohorts, with detailed data on free flap types pre-
sented in Table 2.

During the autotransplantation of the 40 free flaps, a total
of 40 arterial, 66 venous, and 5 interneural anastomoses were re-
constructed across both cohorts. Within the OG (n=20), 20 arteri-
al and 34 venous anastomoses were performed, with 10 arterial
and 20 venous reconstructions performed using the intraluminal
stenting technique. Detailed configurations and frequencies of
all microvascular and neural anastomoses across both studied
groups are compiled in Table 3.

All procedures were performed by a single senior microvas-
cular surgeon. Intraoperative data collection for each case includ-
ed total anastomotic time, total flap ischemia time, and objective
assessment of immediate vascular patency. Representative clini-
cal cases are detailed below.

Case presentation 1

A 46-year-old male presented with a clinical diagnosis of
squamous cell carcinoma of the right lateral border of the tongue.
The tumor was classified as TINOMO (Stage 1), corresponding to
ICD-10 code C02.1 and ICD-O morphology code 8070/3. Histolog-

Table 1 Patient distribution by sex and defect localization

lfonosa u wesn MonouHas xenesa

Males Females Head and neck Breast
0r/0gG, n=20 11 9 15 5
Kr/CG, n=20 13 7 16 4
Bcero/Total, n=40 24 16 31 9

Tabnuya 2 PacnpedesneHue 6071bHbIX NO 8UOY PEKOHCMPYKUUU
U aymompaHcnaaHmama

Bua peKoHCTpyKL MK
Timing

Immediate Delayed Radial
0r/0G, n=20 14 6 14
Kr/CG, n=20 15 5 12
Bcero/Total, n=40 29 11 26

OpHOoMOMeHTHaa OTtcpoyeHHas JlyueBOW NOCKYT

Table 2 Patient distribution by timing of reconstruction and type of autograft

Tunbl ayToTpaHcNaHTaToB
Flap type

CermeHT
TOJICTOM KULLKU

Lupoyaiwan
MbILILLA CMIUHBI

Mpamasa mbiwya
KUBOTA

Rectus abdominis Colon segment  Latissimus dorsi
5 1 -
4 - 4
9 1 4
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Tabauya 3 Budbl U KoAU4eCmeo MUKPOaHACMoM0o308

O6uwee uncno AHacTomo3
MWUKPOAHAaTOMO30B  CO CTEHTOM
Total count Total with stent

ApTepuanbHbiit

Arterial 20 10
BeHOo3HbIN 34 20
Venous
MerKHeBpabHbI 5 B
Interneural
Bcero
Total ) =

Knunuuueckuii npumep 1

MaupeHT b., 1980 r.p. KAnHKueckuit gnarHos: Pak 6okosoi 06-
nacTu a3blka cnpasa TINOMO, | cteneHb 3abonesanus, |l KAMHMYe-
cKas rpynna. Mopdonoruueckuit kog 8070/1 MKB 10 C-02 1. lucro-
nornyeckoe nccnegosaHue No 580-8103.02.2021: MAOCKOKNETOUHBIN
OpOroBeBaloLLMIA PaK.

PeleHnem KoHcuamyma — 25.04.2019 roga 6on1bHOMY Hanoxe-
Ha HUXKHAA TPAXeoCTOMa, BbIMNOHEHbl IMMOALEHIKTOMMSA Len Ccrpa-
Ba, TEMMUIIOCIKTOMMA CNPaBa, MUKPOXMPYPTUYEcKas PeKOHCTPYKLMA
A3blKa KOMHO-hacLManbHbIM Iy4eBbIM IOCKYTOM C/IeBa C UCMO/b30-
BaHMEM MUKPOXMPYPrUYECcKon TexHUKU. CornacHo pasmeTke (puc.
3a), no cpegHel NMHUM A3blKa NPOM3BEAEHa FeMUINIOCIKTOMMA C UC-
NO/b30BaHNEM 3/IEKTPOXMPYPrMYeckoro Hoxa (pwuc. 3b). Mpenapat
yAanéH B npegenax 340Pp0OBbIX TKaHel 6e3 COMHEeHMA B pagMKaabHO-
¢t (pwc. 3c), 1, B 3TOM CBA3K, ObINO NPUHATO PeLEHNE O BbINMONHEHUN
0AHOMOMEHTHOW PEKOHCTPYKLMM.

B cooTBeTcTBMM C A/IMHOM AedeKTa f3blka COOPMMPOBAH KO-
HO-PacLManbHbIM IOCKYT C NUTAHUEM JIy4YEBOW apTepPUei U OTTOKOM
Mo KOMMTAHTHbIM BEHAaM U MOAKOXKHOMN BeHe npeanneybs (puc. 4a).
Ha aTtane weiHoi AMMdageHIKTOMUK CnpaBa BblAeneHbl U CoXpa-
HeHbl MpaBas MLEBas apTepus, BEHa U BETKA BHYTPEHHeN ApEMHOM
BeHbl, BNajatowwasn B KOHGNOIHC BHYTPEHHEN APEMHOI BeHbl. AyTo-
TPAHCMAAHTAT OTCEYEH U NEPEHECEH B PELMMUEHTHYHO 30HY (puc. 4b).
B npomexyTKe Meay MbllILamu AHa NONOCTM PTa NpoBeaeHa cocy-
[IMCTas HOMKKA JIOCKYTa K cocyAam Ha Lwee. KoxkHas naollaaka agantu-
poBaHa Wweamu no nepumeTpy gedekrta a3bika. ChopmmupoBaHbl ap-
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Table 3 Types and number of microanastomoses in the studied groups

AHaAcTOMO3 CO CTEHTOM

Anastomosis with stent O6wee uncno

EQUHCTBEHHbIN Bropoii MMKPOaHaTOMO308B
aHacTomos aHacTomos co Total count
CO CTEHTOM CTEHTOM
Single with stent Second with stent
5 5 20
- 20 32
5 25 52

ical evaluation confirmed a well-differentiated, keratinizing squa-
mous cell carcinoma.

Following multidisciplinary tumor board review, the pa-
tient underwent a definitive surgical intervention consisting of a
lower tracheostomy, a right radical neck dissection, and a right
hemiglossectomy. The hemiglossectomy was executed along the
anatomical midline using an electrosurgical scalpel (Figs. 3a, 3b).
Intraoperative margin evaluation confirmed RO radical resection
within healthy tissue margins (Fig. 3c), justifying immediate, sin-
gle-stage microsurgical reconstruction.

To repair the tongue defect, a left cutaneous-fascial radial
forearm free flap (RFFF) was harvested. The flap was designed to
utilize the radial artery for arterial inflow, with dual venous out-
flow provided by the comitant veins and the cephalic vein (Fig.
4a). During the right neck dissection, the right facial artery, facial
vein, and a tributary branch draining into the internal jugular vein
(1JV) confluence were carefully isolated and preserved as recip-
ient vessels. The harvested autograft was transferred to the re-
cipient site (Fig. 4b). The vascular pedicle was tunneled through
the floor of the mouth to reach the recipient cervical vessels, and
the skin paddle was adapted to the borders of the tongue defect
using standard interrupted sutures.

Microvascular reconstruction was performed as follows:

e Arterial inflow: An end-to-end anastomosis was con-

structed between the radial artery and the facial artery
using a 3.5 mm self-expanding intraluminal stent.

C Puc. 3 a) 8ud onepayuoHHo20

nocrne pesekyuu; c) yoanéHHsil
Makponpenapam

Fig. 3 Intraoperative stages
of the tongue resection. (a)
Preoperative marking of the

noss ¢ pasmemeol A3vIKa; b) 8ud

planned resection margins on the
right lateral border of the tongue.
(b) — Surgical field showing the
defect immediately following

the right hemiglossectomy.

(c) — Macroscopic appearance

of the excised tumor specimen
confirming wide surgical margins
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Puc. 4 a) pomo nod2omossneHHo20 K hepecadke
MUKDOXUpPYp2U4ECKO20 aymompaHcnaaHmMama Ha
nepedHell nogepxHocmu npednseysAa: 8 cocmase — 08e
cocyoucmele HOMKU, /1y4esas apmepus ¢ KOMUMAHMHoOU
8eHOU, NOOKOXHAA 8eHa npednseyss; b) uHmpaonepa-
YUOHHOE MUKPOGOMO: KAUNCAMU Nepexcamsl Auyesble
apmepus U 8eHa, sy4esble apmepus U 8eHa, BEMKA 8HY-
mpeHHel ApEMHOU 8eHbl U NOOKOXHAA 8eHA Npednseyss

Fig. 4 Free flap harvesting and recipient vessel
preparation. (a) Fasciocutaneous radial forearm free
flap isolated at the donor site. The vascular pedicle
incorporates the radial artery, its comitant veins, and the
superficial cephalic vein. (b) Intraoperative micrograph
showing the recipient cervical vessels (facial artery,
facial vein, and a tributary of the internal jugular vein)
and donor flap vessels (radial artery, comitant vein, and
TEPUaAbHbI aHACTOMO3 KOHEL, B KOHEL, MeXay NIy4eBOil U NMLEBOI cephalic vein) secured in microvascular approximator
apTepnaAMU CTEHTOM 3,5 MM. BeHO3HbI aHaCTOMO3 KOMUTAHTHOW U c/amps pr/'or to anastomosis

NINLEBOI BEH KOHEL, B KOHeL, chopmmnpoBaH HKTbIO 8/0 NponeH, a BTo-

PO BEHO3HbIN aHAaCTOMO3 CHPOPMMUPOBAH MEKAY NOAKONKHOMN BEHOM

Xy

P
¥y

Puc. 5 a) Mukpogomo smana ycmaHosKU cmeHmMa 8Hympb Npocgema sy4esoli apmepuu, nNpumepka cmeHma neped 3apAadkoli 8 uHMpodetocep;
b) mukpogomo smana adanmayuu cmeHma 8 npoceeme cocy0o8

Fig. 5 Intraoperative microphotos of the intraluminal stenting process. (a) Micrograph demonstrating the sizing and manual fitting of the nitinol
stent prior to loading it into the introducer sheath for placement within the radial artery lumen. (b) Micrograph showcasing the intraluminal
deployment and self-expansion of the stent across the vessel junction to adapt and align the apposing vascular walls

Puc. 6 a) apmepuaribHbIli aHACMOMO3 ChopmMUpPOBaH; b) MUKPOOMO nocse nycka Kposomoka. A —apmepus; V —eeHa; N — Heps

Fig. 6 Final appearance and patency check of the microvascular reconstructions. (a) Completed, stent-assisted end-to-end arterial anastomosis.
(b) High-magnification micrograph demonstrating structural integrity and immediate patency after the release of microvascular clamps and
restoration of blood flow (A — artery; V —vein; N — nerve)
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JIOCKYTa M BEHO3HOM BETKOW BHYTPEHHEN ApEMHOM BeHbl (puc. 5, 6).
Mocne nycka KPOBOTOKa BCe aHAaCTOMO3bl Npoxoaumbl. PoTo 3asep-
LatoLLero aTana onepauum NpeacTasneHo Ha puc. 7a.

BonbHOM Monyyan aHTubakTepuanbHyto, obesbonvsatolLyto
Tepanuio, obLeyKpenastoLLmMe NpenapaTtbl U Tepanuio, yayyLlatoLLyio
MUKPOLIMPKYNALMIO. 3aKMBAEHWE PaHbl — NEPBUYHBIM HATAXKEHUEM.
JlockyT *u3HecnocobeH. LLBbl cHATbI Ha 12 cyTKu. Mpun ocmoTpe Yepes
5 mecaues (puc. 7b) N0CKYT NONHOCTBIO aAaNTUPOBACA U BbINOHAET
byHKUMIO.

L5 [

e Venous outflow: A primary end-to-end venous anas-
tomosis was completed between a vena comitans and
the facial vein using 8-0 Prolene sutures. A secondary
venous anastomosis was executed between the flap's
cephalic vein and the preserved tributary branch of the
internal jugular vein (Figs. 5 and 6).

Immediate restoration of perfusion confirmed excellent, un-

restricted patency across all reconstructed vessels. Fig. 7a illus-
trates the final intraoperative stage of the procedure.

B

Puc. 7 a) sman 3aeepuwieHus onepayuu; b) omoanéHHslli pesysnemam yepes 5 Mecaues nocse PEeKOHCMPYKUUU A3bIKA 11y4e8biM fI0CKYMOM C

pesackynapusayuel Ha cmeHme

Fig. 7 Postoperative outcomes of the stent-assisted tongue reconstruction. (a) Intraoperative appearance at the final stage of wound closure and
skin paddle inset. (b) Long-term follow-up 5 months postoperatively, demonstrating complete anatomical integration and functional adaptation of

the radial forearm free flap

KnuHuyeckuit npumep 2

MaupeHT C., 1950 r.p. KAMHMYECKUiA AnarHos: Pak HUKHeN rybbl
T2NOMO, Il cTeneHb 3aboneBanusa, Il KaMHMYeckan rpynna. Mopdo-
normyeckuin kog 8070/1 MKB 10 C-004. MMcToNOrMYeckoe 3aKoue-
Hue: NNOCKOKNETOYHbI OPOrOBEBAOLLMI PaK.

The postoperative regimen included empirical antibiotic
therapy, scheduled analgesia, systemic optimization, and micro-
circulatory optimization protocols. The surgical wounds healed by
primary intention without complications. The free flap remained
fully viable, and skin sutures were removed on postoperative day

Puc. 8 a) 8ud onepayuoHHO20 NosA ¢ pasmemroli 8 obnacmu eybel; b) ydanéHHsil makponpenapam c) decpexm obnacmu HuxcHel 2ybebl

Fig. 8 Surgical resection of the lower lip malignancy. (a) Preoperative marking of the planned surgical margins around the lower lip lesion. (b)
Macroscopic appearance of the excised lip specimen confirming wide surgical margins. (c) Resulting full-thickness defect of the lower lip prior to

free flap reconstruction
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Puc. 9 a) Pasmemka nepedHell nosepxHocmu s1e8020 npednseyesa 01 3a6opa aymompaHcnaaHmama; b) 8 cocmase aymompaHcnaaHmama 2
cocyoucmele HOMKU, /1y4esas apmepus C KOMUMaHmMHol eeHol, NOOKOMHaAs 8eHa Npeonaeyss

Fig. 9 Left radial forearm free flap donor site preparation. (a) Preoperative marking and design of the skin paddle on the volar surface of the left
forearm for autograft harvest. (b) Harvested radial forearm free flap isolated on its vascular pedicle, incorporating the radial artery, its comitant

veins, and the superficial cephalic vein

A

PewweHnem KoHcuamyma — 09.10.2023 r. 60/1bHOMY BbINOSHEHDI
NMMbaaeHIKTOMUSA LLEWN CNPaBa, PE3EKLMA HUNKHEN Tybbl, MUKPOXM-
PYPruyeckasn PeKOHCTPYKLMA HUKHEN rybbl MCNONb30BaHWMEM IEBOMO
JIY4eBOro KOMKHO-(haCLLMaNbHOTO IOCKYTA C UCMONb30BAaHUEM MUKPO-
XMPYPrUYecKom TexHuKm (puc. 8, 9).

B gaHHOM c/lydae MUMKPOAHACTOMO3bl 6bln cHOPMUPOBaHBI U
py4HbIM CNOco60M, 1 co cTeHTOM (puc. 10a). ApTepuanbHbIi aHacTo-
MO3 KOHELL B KOHELL MeXy Iy4eBON U BEPXHEN LMTOBUAHOMN apTepu-
AMM BbIN HANOKEH PYYHBIM METOZOM HUTbIO MposieH 8/0. BeHO3HbIi
QHACTOMO3 MeX/y KOMUTAHTHOW M IMLEBOI BEHaMM KOHELL B KOHeL,
6b171 cPOPMMPOBAH TaKKe HUTbIO nponeH 8/0, a BTOPOi BEHO3HbIi
aHACTOMO3 — TaK}Ke MEXKAY MOAKOXKHON BEHOM NIOCKYTa M BEHO3HOW

v g

12. At the 5-month follow-up assessment, the flap demonstrated
complete anatomical integration and excellent functional adapta-
tion (Fig. 7b).

Case presentation 2

A 73-year-old male presented with a clinical diagnosis of
squamous cell carcinoma of the lower lip, staged as T2NOMO
(Stage Il; ICD-10: C00.4). Histological evaluation confirmed a
well-differentiated, keratinizing squamous cell carcinoma.

Following a multidisciplinary tumor board consensus, the

patient underwent definitive surgical intervention. The surgical
procedure comprised a right neck dissection, a subtotal resection
of the lower lip, and immediate microsurgical reconstruction uti-
lizing a left fasciocutaneous radial forearm free flap (RFFF) (Figs.
8, 9). A hybrid approach was utilized for the microvascular recon-
struction, incorporating both conventional manual suturing and a
novel intraluminal stenting technique (Fig. 10a):

e Arterial Inflow: An end-to-end arterial anastomosis was
performed manually between the radial artery and the
superior thyroid artery using 8-0 polypropylene su-
tures.

e Venous Outflow: Primary venous outflow was estab-
lished via a manual end-to-end anastomosis between a
comitant vein and the facial vein using 8-0 polypropyl-
ene sutures. Secondary venous outflow was achieved
by anastomosing the cephalic vein of the flap to a trib-

Puc. 10 a) nod2omoska cucmemsl 08 UMNAGHMAYUU CMeHma;
b) MUKPOAHOCMOMO3 NOCAIE NYCKA KPOBOMOKA

Fig. 10 Intraoperative stent delivery and final microvascular
evaluation. (a) Preparation and calibration of the coaxial delivery
system prior to inserting the stent guidewire into the vessel lumen. (b)
High-magnification micrograph of the completed microanastomosis
showing excellent structural integrity and immediate patency following
clamp removal and restoration of blood flow
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BETKOIN BHYTPEHHEN APEMHON BeHbl — CO CTEHTOM. [ocae nycka Kpo-
BOTOKa BCe aHaCTOMO3bl npoxoanmbl (puc. 10b).

MauueHTy Bbina Ha3HayeHa aHTMBaKTepuanbHas, obesbonnsa-
fOLLLAA Tepanus, a TaKKe Tepanus, YayyLaroLwas MUKPOLMPKYAALMIO.
PaHa 3akuna nepBUYHbIM HaTAKeHUeM. JIOCKYT KusHecnocobeH
(puc. 11a). LWBbI cHATbI Ha 12 cyTKu. Mpu ocmoTpe Yepes 5 mecaAues
JIOCKYT MOMHOCTbIO aZlanTUPOBACA W BbINOMHAET GyHKUMIO (puc. 11b).

ApTepuanbHbli MMKPOAHACTOMO3 CHOPMMPOBAH PYYHbIM Me-
TOAOM CLUMBaHUA. BEHO3HbIN aHAaCTOMO3 KOMWUTAHTHOM BEHbI U AnLe-
BOI BEHbI, BTOPOI BEHO3HbI1 aHAaCTOMO3 CGOPMMPOBAH TaKKe Mexay
MOAKOMHOWM BEHOW JIOCKYTA M BEHO3HOM BETKOM BHYTPEHHEN ApEeMHOM
BEHbI CO CTEHTOM. CTPeNKOM yKa3aH aHaCTOMO3 Ha CTeHTe.

B pesynbtate pabotbl bbina cobpaHa rpynna v3 11 nauueHTos,
KOTOPbIM Obl/1 epecarkeH iy4eBoM IOCKYT, MOKa3aBLUMI XopoLuune pe-
3ynbTaThl. Ha puc. 12 npeacrtasneHbl NpumMmepbl OTAANEHHbIX pesy/b-
TaTos.

2020/7/4 07:56

Puc. 11 a) pezynsmam Ha decsimble CymKku nocse pekoHcmpyKkyuu; b)
pe3ynbmam yepes 6 Mecayes Nocse eMewamenscmea

Fig. 11 Postoperative outcomes of the lower lip reconstruction. (a)
Clinical appearance on postoperative day 10 showing excellent wound
healing and complete free flap viability. (b) Long-term follow-up 6
months after the intervention, demonstrating stable anatomical
adaptation and optimal functional restoration

utary branch of the internal jugular vein using a self-ex-
panding intraluminal stent.

Immediate restoration of blood flow confirmed excellent,
unrestricted patency across all manual and stent-assisted anasto-
motic sites (Fig. 10b).

The postoperative regimen included empirical antibiotic
therapy, scheduled analgesia, and microcirculatory optimization
protocols. The surgical wounds healed by primary intention with-
out complication, and the free flap remained fully viable (Fig.
11a). Skin sutures were removed on postoperative day 12. At the
5-month follow-up assessment, the flap demonstrated complete
anatomical adaptation and excellent functional integration (Fig.
11b).

The arterial microanastomosis was performed manually.
The primary venous anastomosis was constructed between a
comitant vein and the facial vein. A secondary venous anastomo-
sis was executed between the cephalic vein of the flap and a trib-
utary branch of the internal jugular vein utilizing an intraluminal
stent. The arrow indicates the stent-assisted anastomosis.

Within the OG, 11 patients underwent reconstruction with a
radial forearm free flap, all of whom demonstrated excellent clinical
and functional outcomes. Representative examples of these success-
ful, long-term reconstructive results are illustrated in Fig. 12.

Ethics statement. This study was approved by the Ethics
Committee of the Ministry of Health of the Republic of Uzbeki-
stan (Protocol No. 3/7-1643, dated March 17, 2020), which au-

Puc. 12 ®omo nayueHmos ¢ 0omoanéHHbIMU Pe3ysibmamamu MUKPOXUpypeu4eckoli aymompaHcnaaHmMayuu ¢ NPUMEHeHUEM fy4e8020 10CKY-

ma ¢ ucnosne308aHuUem MemoouKu CMeHMuUpOoB8aHUA

Fig. 12 Long-term clinical outcomes following stent-assisted reconstruction. Postoperative photographs of patients demonstrating stable, long-
term functional and aesthetic results following microsurgical free tissue transfer utilizing a radial forearm free flap with the intraluminal stenting

technique
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3Tuueckoe 3asBieHMe. PelleHnem 3TMYecKoro Komuteta Mu-
HUCTEPCTBA 3/PaBOOXPaHeHus Pecnybnnku Y3bekuctaH (npotokon
Ne3\7-1643 o1 17.03.2020 r.) 66110 NPUHATO PeLLIEHME O BbINOJHEHUN
OrpaHUYEHHOW KAMHUYECKOW anpobalmu MeTosa COeAMHEHUA COCY-
[10B OPUrMHANBbHOMN KOHCTPYKLMel cTeHTa. OT BCex NaLUEHTOB, BK/O-
YEHHbIX B UCCNenoBaHwe, bbI10 NONYYeHO NUCbMEHHOE f06POBO/b-
HOe cornacue Ha yyactue.

Cratuctmyeckas o6paboTka Obina BbINOHEHA C UCMO/b30BAHU-
em nporpammHoro obecneyeHns Microsoft Excel, u3 naketa Microsoft
Office 2021 » NnporpamMHOro NPOAYKTa NaKeTa CTaTUCTUYECKUX MPO-
rpamm StatTech v. 3.0.9 (pa3pabotunk — OO0 «CratTex», Poccus).
[ecKpunT1BHAA CTaTUCTUKA BKAtOYasa B cebs oneseneHne cpesHero
3HAYeHWA U CTaHZAPTHOMO OTKIOHEHWA 1A KOIMYECTBEHHbIX NOKa3a-
Tenem 1 4acToT — ANA Ka4eCTBEHHbIX. CPaBHEHWA KOAMYECTBEHHbIX NO-
KasaTenei nposefeHbl No t-kputepuio CTbloAeHTa, @ KaueCTBEHHbIX —
no TO4UHOMY KpuTepuio duiiepa. Pasnnmuma cuutanmchb CTaTUCTUYECKN
3HaYMMbIMK Npu 3HaYeHum p<0,05.

PE3YNILTATbI U UX OBCYXOEHUE

B Ol 6bin0 «noTepsHoO» 3 ayToTpaHcnaaHTata: 1 oT apTepw-
anbHoro Tpombo3a cTeHTa B 1-e CyTKM, 2 — OT BEHO3HbIX TPOMO0308B
B 060MX aHacTomo3ax (Py4yHOM Ha 3-M W CTEHT Ha 6-e cyTku). 370,
COOTBETCTBEHHO, MOKa3blBaeT Pe3ynbTaTUBHOCTb He Huke 90% ana
Kakaoro Tvna aHactomosa — 1:10 aptepuanbHoro n 2:20 BeHO3HOrO.
Bce 0CNOMHEHWA BO3HWKAW MPU BbINOAHEHWUW NEPeCcasiku Ny4eBoro
NOCKyTa. «[1oTepby» cpeam NOCKYTOB C ABOWHOMN COCYAMCTON HOMKOM
He oTMeyeHo (Taba. 4). [1BoiiHOe KPOBOCHabKEHME ayTOTPaHCNNaHTa-
TOB Hanbonee NPeANOYTUTENBHO, OAHAKO, HEPEAKO, CAEPHKMBAOLLMM
MOMEHTOM K €ro UCMo/Ib30BaHWIO ABAETCA YAJIMHEHWE OnepaLuu.
dopmupoBaHUe LONONHUTENbHBIX aHACTOMO30B NPY NOMOLLY CTEHTa
YCKOPAET BPeMsA MaHUMYNALMN.

B Hallem uccnef0BaHWUM NOATBEPAUACH YACTOTa TPOMBOTHYE-
CKMX OC/TOXKHEHWI B 3aBUCMMOCTM OT TMNa CoyCTbA (Tabn. 5) u cpokos
nocne onepauuu. ApTepuanbHble aHacTOMO3bl TPOMOVPOBaNUCL B
nepBble CYTKM, BEHO3HbIE — Ha 3-U CYTKM U bonee.

ObpaTtnna Ha cebsa BHUMAHKE, XOTb U CTAaTUCTUYECKU HE3HAUU-
Mas, Ho Bonee BbICOKAA YaCTOTa OCNIOKHEHW NPU BbINOJHEHUW OA-

Tabauya 4 Yacmoma ocnoxcHeHul 8 O 8 3a8ucumocmu om
8apUAHMA KPOBOCHAOX(EHUA aymompaHcnaaHmama, % (n)

1 HOXKa, n=14
Single pedicle, n=14
2 HOXKMU, N=6
Double pedicle, n=6

p

thorized a limited clinical trial of the novel vessel-coupling meth-
od using the original intraluminal stent design. The study was
conducted in strict accordance with the Declaration of Helsinki.
Prior to enrollment, written voluntary informed consent was ob-
tained from all participating patients.

Statistical analysis. Statistical data processing was per-
formed using Microsoft Excel (Microsoft Office 2021 suite) and
the StatTech software package (version 3.0.9; StatTech LLC, Rus-
sia). Descriptive statistics included calculating means and stan-
dard deviations for quantitative variables and frequencies for
qualitative variables. Intergroup comparisons of quantitative
variables were performed using the independent Student's t-test,
whereas qualitative variables were compared using Fisher's exact
test. Statistical significance was defined as a p-value <0.05.

RESULTS AND DISCUSSION

Flap failure occurred in three cases in the OG, resulting in an
overall flap survival rate of 85% in each cohort. In the OG, three
autografts were lost due to thrombotic complications:

e Arterial failure: One flap failed on postoperative day 1
due to acute throm bosis of the stent-assisted arterial
anastomosis.

e Venous failure: Two flaps failed due to venous throm-
bosis. The first occurred on postoperative day 3 at a
manually sutured venous anastomosis site. The second
occurred on postoperative day 6 at a stent-assisted ve-
nous anastomosis site.

These outcomes demonstrate an independent procedural
success rate of 90% for both stent-assisted arterial reconstruc-
tions (1/10 failures) and stent-assisted venous reconstructions
(2/20 failures). Notably, all thrombotic complications occurred ex-
clusively during radial forearm free flap transfers. No flap failures
were observed among autografts that utilized a double vascular
pedicle design (Table 4).

While establishing a dual blood supply for free flaps is clini-
cally preferable to enhance tissue perfusion, its adoption is often

Table 4 Frequency of complications in the OG based
on vascular pedicle configuration, % (n)

YacroTa ocnoxHeHui
Frequency of complications

21.0(3)

>0.05

MpumeyaHue: p — CTAaTUCTUYECKAA 3HAUUMOCTb Pa3NUUI MeXY BapuaHTamMu KPOBOCHABKEHUA IOCKYTOB (Mo TOYHOMY KpuTepuio duiuepa)
Note: Statistical significance was calculated between pedicle configurations using Fisher's exact test

Tabauya 5 Yacmoma mpombo3os 8 Of 8 3a8ucumocmu om
muna aHacmomo3a € Ucnosb308aHuem cmeHma, % (n)

Table 5 incidence of thrombosis in the OG by stent-assisted anastomosis type

ApTepuanbHbiii, n=10
Arterial, n=10
BeHo3HbIl, Nn=20
Venous, n=20

p

10.0 (1)

10.0 (2)

>0.05

NpumeyaHue: p — CTAaTUCTUYECKaA 3HAUUMOCTb Pa3INUUIn MEXAY TMNaMW aHaCTOMO30B (N0 TOYHOMY KpuTepuio Guiepa)
Note: Statistical significance was evaluated using Fisher's exact test to compare complication rates between arterial and venous cohorts
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HOMOMEHTHbIX (yZaneHve onyxonu U AMMQaTUYECKUX Y3/10B U PEKOH-
CTpyKLMA) onepauuit (taba. 6).

OZHVM M3 CambIX BaXKHbIX MOKa3aTesell OKasasnacb peasibHas
pasHULA BO BpemeHu GOPMMPOBAHWMA aHACTOMO3a Ha CTeHTe Mo
CPaBHEHMIO C KNAaCCUYECKON METOAMKON KaKk A/1A apTepuasbHbIX, TaK
W AN1A BEHO3HbIX aHacTomo30B. B KI' cpeaHee Bpema apTepranbHOro
MMKPOAHACTOMO3a Py4HbIM ClUMBaHWEM cocTaBuno 40+2,5 MUHYT, B
Of, co cteHTOM — 15+2,0 MUHYT. BeHO3HbI MMKpoaHacTomos B KI n
Or 3aHmMman 35+1,8 MuH 1 1611,6 MUHYT BpEMEHM COOTBETCTBEHHO
(tabn. 7).

Kak BuAHO 3 Tabn. 7, MMKPOaHaCTOMO3bl CO CTEHTOM Obiin
cdopmupoBaHbl bosiee, Yem B ABa pasza ObICTpee, YeM NpU Knaccuye-
CKoWi meToamKe (p<0,001).

OueHb BaXKHbIM OKa3a/10Cb CPAaBHEHME Pe3yNbTaTOB NPUKMB/E-
HUWA TOCKYTOB MeXZy rpynnamu (taba. 8).

Tabauya 6 OcroxcHeHus 8 O e 3asucumocmu om
amanHocmu pekoHcmpykuuu, % (n)

OpgHoMOMeHTHasnA, n=14
Immediate, n=14
OTcpoyeHHasn, n=6
Delayed, n=6

p

limited by the associated prolongation of operative time. In this
series, deploying a self-expanding intraluminal stent to construct
secondary or additional microanastomoses significantly accelerat-
ed the procedure, effectively mitigating the surgical time penalty.

Study findings confirm that the incidence and timing of mi-
crovascular thrombosis are distinctly associated with the type of
anastomosis: arterial failures occur within 24 hours, whereas ve-
nous failures occur on the third postoperative day or later. These
results, which differentiate timing by anastomosis type, are fur-
ther detailed in Table 5.

Although not statistically significant, a higher absolute fre-
quency of thrombotic complications was observed in patients un-
dergoing immediate, single-stage procedures — combining radical
tumor resection and cervical lymphadenectomy with immediate
free flap reconstruction — compared to those undergoing delayed
reconstructions (Table 6).

Table 6 Frequency of complications in the OG based
on reconstruction timing, % (n)

OcnoXXHeHuA
Frequency of complications

21.0(3)

>0.05

NpumeyaHwe: p — cTaTUCTUYECKas 3HAYMMOCTb PA3INUMIA MEXAY OAHOMOMEHTHBIMU 1 OTCPOYEHHBIMM OMepaLUAMM (Mo ToUHOMY KpuTeputo Guwepa)
Note: Statistical significance was evaluated using Fisher's exact test to compare complication rates between immediate and delayed surgical cohorts

Tabauya 7 Bpems (hopmMupo8aHUs GHACMOMO3d 8
3a8UCUMOCMU oM e20 muna u Memooa

Table 7 Microvascular anastomotic time by surgical technique and vessel type

Bpemsa, muH
Time, minutes
0or/o0G, n=20
) ApTEPMaJ:IbeIW 10 40.0£2.5
PyqHOI Arterial
Manual suture z
BeHo3HbIN 14 35.0£1.8
Venous
ApTEDMaJ:IbeM 10 15.0£2.0*
CrT Arterial
Stent-assisted z
BeHo3HbIN 20 16.0+1.6*
Venous
Kr/CG, n=20
) ApTepMalijbIVI 20 35.0+3.3
PyuHOI Arterial
Manual suture Z
BeHO3HbI 32 36.0+2.5
Venous

Mpumeyanue: * — p<0,001 — cTaTUCTUYECKAA 3HAYUMOCTb Pa3/INUMiA NOKa3aTeNeit MeKay METOAOM CTEHTUPOBaHMA B OF 1 METOAMKOM pydHoro wea B K (no t-kputepuio
CTblofeHTa ANA HE3aBMCUMMbIX rpynn)

Note: * — p<0.001 indicates a statistically significant difference between the stenting method (OG) and the manual suture technique (CG), calculated using Student's t-test
for independent samples

Tabauya 8 CpasHeHue pesyn6mamos NPUMUBIeHUS Table 8 Comparative analysis of free flap outcomes between study cohorts, % (n)

n10cKymos mexcoy epynnamu, % (n)

Flap failure rate
Or (cTeHT), n=20 15.0(3)
KI (pyuHoit), n=20 15.0(3)
p >0.05

NprmeyaHve: p — CTaTUCTUYECKAnA 3HAUMMOCTb paznumii mexay OF v KT (no TouHomy kputeputo Guwepa)
Note: Statistical significance was evaluated using Fisher's exact test to compare outcomes between the two groups
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KaK BUAHO M3 Tabn. 8, pasnunuma B pesynsratax NnpUKMBAEHWUS
nockytoB mexay O u KI' oKkasanucb CTaTUCTUYECKM HE3HAYMMbIMMU.
B cpaBHEHMM C KOHTPO/IbHOM FPYMMNOW NaLMUEHTOB, NOKA3aTenu no pe-
3yN6TATUBHOCTY COBMA/M, MPU 3TOM KJIMHUYECKas YacTb paboTbl AOKa-
3a/1a MPUHLUMNNANBHYIO BO3MOXHOCTb MPUMEHEHMA MeToAa.

3AKNIOYEHUE

B npeacTaBAeHHOM MccaeaoBaHMM BbIa0 YCMewWwHo A40CTUIHYTO
C034aHNe MMKPOCOCYAMCTOTO aHAaCTOMO3a C MCMO/b30BaHMEM CTeH-
Ta. OCHOBHbIMM MpPeMMyLLEecTBaMM pPa3paboTkM AaHHOMO MeToAda
ABMAIOTCA: COKPALLEHMe BPEMEHU ULWEMUU, MUHUMM3ALMA TPABMbI,
Tpomb6006pa3oBaHNA 1 COXPAHEHME NPOXOAUMOCTU. AHA/IN3 AaHHbIX
NATEPATYpbl MOKa3as, YTO KAMHUYECKUX WMCCNefoBaHMit nogobHoro
poAa eLwé He NpoBeaeHO. TeXHUUYECKMIt ycnex, 40CTMraembli Npu ocy-
LLEeCTBNEHUM NPeL/I0KEHHOr0 cnocoba, 3akntoyaeTcs B obecneyeHnm
COMPUKOCHOBEHWA COCYA0B OAHOPOAHBIMM C/IOAMM MO JIMHUM aHACTO-
MO3a — 3TO MHTUMA C MHTUMOM, OTCYTCTBME B MPOCBETE aHACTOMO3a
MbILIEYHOW 060/I0YKM U afABEHTMLMANBLHOTO MOKPOBA, OTCYTCTBUE
nepernba.

OueBUAHO, YTO, B CBA3M C MOBbILEHHOW OTBETCTBEHHOCTbIO 3a
YKM3HECNOCOBHOCTb TPAHCNIAHTaTa Ha 3Tane COoeAMHEHWUs COCYAOB,
6€e3 HaKOM/NEHNA MHOTOUYMUCIEHHOTO OfbITa MPUMEHEHMA HOBOIO Me-
TofA COeAMHeHUs COCyAoB, MpeanoyTeHWe HeobXoAMMO OTAaBaTb
Knaccuyeckomy metogy. JonosHWTeNbHble COYCTbS, MOBbILWAOWME
KauecTBO MMKPOLMPKYAALMM M obecneynBatolime 3anac HaaéKHo-
CTW NepecaKkui, BO3MOMKHO, YCMELIHO PEeLnTb HOBbIM METOLOM ANA
YCKOpeHus onepauun. ONTUManbHbIMU BapMaHTaMM NAACTUYECKOro
MaTepKana, Npu KOTOPOM Lies1eco0bpasHo 1CMOb30BaTb YCKOPEHHOE
COeZIMHEHWE COCYA0B, ABNAIOTCA IOCKYTbI, UMEtoLLMe [Be COCYAUCTbIE
HOMKM UM LOMONHUTE/IbHbIE COCYAMCTbIE CTPYKTYPbl B COCTaBe OA-
HOM HOXKMU.

One of the most clinically critical metrics evaluated in this
study was the operative duration required to construct the micro-
vascular junctions. The intraluminal stenting technique yielded
a profound reduction in execution time across both vessel types
compared with the conventional manual method. Specifically,
the average duration for creating an arterial microanastomosis
was 40£2.5 minutes via manual suturing in the CG, compared
with 15+£2.0 minutes using the stent-assisted technique in the
OG. Similarly, the creation of venous microanastomosis required
35+1.8 minutes in the CG, whereas it was reduced to 16+1.6 min-
utes in the OG. These comparisons are detailed in Table 7.

Intraluminal stenting reduces microanastomotic time by
over 50% compared to traditional techniques, yielding a highly
significant statistical difference (p<0.001). A comparative analysis
of free flap survival and engraftment rates, as detailed in Table 8,
was conducted to confirm the clinical efficacy of this approach.

Data from Table 8 indicate that free flap engraftment rates
were identical between the study and control groups, with no
statistically significant differences observed (p>0.05). The clinical
study confirms the fundamental feasibility, safety, and operation-
al viability of the stent-assisted microvascular technique com-
pared to conventional methods.

CONCLUSION

The findings of this study demonstrate the successful clinical
translation and efficacy of an innovative stent-assisted microvas-
cular anastomosis technique. The primary clinical advantages of
this method include a highly significant reduction in flap ischemia
time, minimized mechanical vascular trauma, reduced risk of ear-
ly thrombus formation, and excellent long-term patency. To the
best of our knowledge, based on a comprehensive review of the
current literature, this is the first controlled clinical trial evaluat-
ing this specific intraluminal stenting approach. The technical su-
periority of the proposed technique relies on its ability to ensure
uniform, continuous circumferential contact along the anasto-
motic line. Specifically, it achieves precise intima-to-intima appo-
sition while preventing the prolapse of the muscularis propria or
periadventitial tissue into the lumen, thereby eliminating the risk
of micro-kinking or compliance mismatch.

Understandably, given the heightened responsibility for au-
tograft viability during the microvascular reconstruction phase,
surgeons without extensive experience in this novel stenting
method may initially prefer the classical manual suturing tech-
nigue. However, the creation of secondary or additional anasto-
moses — which significantly optimize microcirculation and provide
a reliable hemodynamic safety margin for the transfer — can be
safely and rapidly achieved using this stenting technique, thereby
drastically expediting the overall procedure. Therefore, the opti-
mal reconstructive candidates for this accelerated vessel coupling
approach are free flaps that utilize double vascular pedicles or
those with complex, multi-structural vascular anatomy within a
single pedicle.
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