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Lienb uccnepoBaHUA: ONTMMM3MPOBATb TaKTUKY BeAEHWA U BbIDOP METOA0B OMepaTUBHbLIX BMELIATENbCTB AA YAYUYLWEHUA PE3yNbTaToB NIe4eHus
60/1bHbIX C IKCTPABA3a/IbHbIMM KOMMPECCUAMM COCYAUCTO-HePBHbIX Ny4koB (CHIM) npu cuHapome rpyaHoro Boixoaa (CrB).

Matepuan n meTogbl: M3y4yeHbl pe3y/bTaTbl KOMMIEKCHOM AMArHOCTUKM U nedyenns 521 naumeHTa (cpeaHuii Bo3pacT 31,212,6 neT; MyxuuHbl —27,1%
(n=131); skeHwmHbl — 74,9% (n=390) c pasHbimu popmamu CIB. Kocto-knaBukynapHbii cuHapom (KKC) umencs y 51,8% (n=270) nauueHTos, foba-
BOYHOE WweliHoe pebpo (ALWP) -y 26,9% (n=140), pyammeHTapHoe LweiiHoe pebpo (PLLUP) —y 12,8% (n=67), ckaneHyc cuHgpom (CC) —y 5,0% (n=26)
U CUHAPOM Manoi rpygHoi mbliwubl (CMIM) —y 3,5% (n=18) obcnenoBaHHbIX. Y 63,0% (n=328) nauueHTOB TaKke OTMEYanca cMHAPOM PeiiHo ¢
XapaKTEPHbIMU KIMHUYECKUMU NpoABAeHUAMK. [na anarHocTukm CI'B 1 cteneHm Taxectn komnpeccun CHIT npumeHanncs GyHKLMOHaNbHbIE TECTbI,
HUTPOINIMLLIEPUHOBAA U X0N1040Bas NPOObI, @ TaKKe BU3yanusmpytoLLme MeToasl UCCNeloBaHUsA — peHTreHorpadus, KomnbtoTepHas Tomorpadus (KT),
[ynneKcHOe CKaHMPOBaHMe C LONM/IEPOBCKUM KapTUpoBaHueMm KposoToka (Y3/[C) v anekTpoHelipomuorpadums (IHMT).

PesynbTathbl: KAMHUYeckue npossaeHua CIB 3aBucenu oT KOMMOHEHTa Komnpeccuu. MNpu apTepuanbHoi ero popme HabnoAANUCh NMO3ULMOHHAA
ULIEeMMA PYKU M TPOMBO3MBONMA NaflOHHON apTepuanbHoi ayru. NMpu npesannpoBaHUM KOMNpeccun HepBOB Habntoganca 6oneBoi CUHAPOM B Nie-
4eBOM nosce, rMNoOTPodUA MbiLLL, KUCTH, @ TaKKe ObICTpas yTOMAAEMOCTb BEpXHEN KOHEYHOCTU. BeHo3Han dopma xapaktepusoBanach runepTeHsunei
B CMCTEME MOAKOXHbIX BEH, HEPELKO C TPOMOOTUYECKOW OKK/O3MEN MOAMbILIEYHO-MOAKMOUMYHOTO cermeHTa. Mpu Bcex dopmax CM'B BbIMOHEHDI
[EKOMNPECCUOHHbIe onepauuu, KoTopble B 339 cnyyaeB Takxke OblM AOMNONHEHbI BEPXHErPYAHON CMMNATaKTOMMeW, a B 16 HabnogeHuax — ap-
TepUaNbHbIMU PEBACKYNAPU3UPYIOLLMMM BMELLATENbCTBaMU. JleTanbHble UCXOAbl B TOCMUTAZILHOM Nepuoge He oTMevanucb. MHTpaonepauyoHHble
OC/IO¥KHEHMA UMenn mecTo Y 2,5% (n=13) naumeHToB, B paHHeM NnocieonepauuoHHom nepuoge — B 7,7% (n=40) HabntogeHuit. XopoLumne pesynbraThbl
B OTAANEHHOM nepuoge 6biam 3apernctpupoBaHbl y 91,9% nauuenTos ¢ KKC, y 90,7% — ¢ ALUP, B 83,6% cnyyaes npw PLUP, ny 100,0% 601bHbIX co CC
1 CMIM.

3akntoueHmne: obLWyMM YepTamm Ans Bcex BUAoB CMB asnanacb komnpeccus CHI ¢ COOTBETCTBYIOLWMMM KIMHUYECKMMU NPOABAEHUAMM B COHETAHUM
€ 63,0% cnyyaes ¢ YepeayoLWMMM NPUCTYNAMM Ba30CNa3ma 1 Ba3OKOHCTPUKLMM. ONTUMU3NPOBAHHAA TaKTUKa BBEAEHMUA U CMOCOObI XMPYPruieckoro
neyeHns naumeHTos ¢ CTB No3BOIMAM NOBBICUTH KAYeCTBO OKa3aHWA CNeLyanu3vpoBaHHOM NOMOLLM AaHHOM KaTeropum nauueHTam. Boicokas vacto-
Ta XOpoLunx pe3ynbratos npu Bcex popmax CI'B canaeTenbcTsyoT 06 aGPEeKTUBHOCTU AEKOMNPECCUOHHBIX ONEPaTUBHbIX BMELLATE/bCTB.

KntoueBble cnoBa: cuHOpom 2pydHo20 8biX00a, CUHOPOM eepxHeli epydHol anepmypsl, OUG2HOCMUKA, apmepuasnbHble OCOXHEHUS, pe3eKyus
pebpa, dekomnpeccus, weliHo-2pyOHAS CUMIAMIKMOMUS.
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Objective: The study aimed to optimize management tactics and the choice of surgical interventions to improve treatment outcomes for patients with
extravascular compression of the neurovascular bundle (NVB) in thoracic outlet syndrome (TOS).

Methods: The results of complex diagnostics and treatment were studied in 521 patients (mean age 31.2+2.6 years; 27.1% (n=131) men and 74.9%
(n=390) women) with various forms of TOS. Costoclavicular syndrome (CCS) was present in 51.8% (n=270) patients, complete accessory cervical rib (ACR)
in 26.9% (n=140), rudimentary cervical rib (RCR) in 12.8% (n=67), scalene syndrome (SS) in 5.0% (n=26), and pectoralis minor syndrome (PMS) in 3.5%
(n=18). Raynaud's phenomenon (RP) was also observed in 63.0% (n=328) patients. To diagnose TOS and the severity of NVB compression, functional tests,
nitroglycerin and cold tests, and imaging methods — radiography, CT, duplex scanning with Doppler blood flow mapping, and electroneuromyography
(ENMG) — were used.

Results: Clinical manifestations of TOS depended on the compression component. The arterial form presented with positional ischemia of the arm and
thromboembolism of the palmar arterial arch. Cases with predominant nerve compression presented with shoulder girdle pain, hand muscle atrophy,
and rapid upper limb fatigue. The venous form was characterized by hypertension in the subcutaneous venous system, often with thrombotic occlusion of
the axillary-subclavian segment. Decompression surgeries were performed for all forms of TOS; in 339 cases, these were supplemented by upper thoracic
sympathectomy, and in 16 cases by arterial revascularization. There were no fatalities during the hospital period. Intraoperative complications occurred
in 2.5% (n=13) of patients, and early postoperative complications occurred in 7.7% (n=40). Long-term positive results were recorded in 91.9% of patients
with CCS, 90.7% with ACR, 83.6% with RCR, and 100.0% with SS and PMS.
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Conclusion: Common features across all types of TOS included NVB compression with corresponding clinical manifestations, combined with alternating
bouts of vasospasm (63.0%). Optimized management tactics and surgical methods for TOS have improved the quality of specialized care. The high rate of
successful outcomes across all forms of TOS demonstrates the effectiveness of decompression surgery.

Keywords: Thoracic outlet syndrome, diagnosis, arterial complications, rib resection, decompression, cervicothoracic sympathectomy.
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BBEAEHME

CuHapom rpyaHoro Bbixoaa (CM'B) npeacTasnset coboit cumnTo-
MOKOMI/IEKC, BO3HUKLLIUIA B pe3ybTaTe MEXaHWYecKoro CAaBAeHuUA
M3BHE MEPBMYHbLIX HEPBHbLIX CTBOJIOB M/IEYEBOTO CM/IETEHWA U NOA-
KNIOUMYHBIX COCYZI0B NPY UX BbIXOZE U3 BEpXHel rpyAHOIN anepTypbl
B CTOPOHY LUEWN M BEPXHMX KOHe4HocTel [1-5]. AHaTomo-mopdonoru-
YECKMMM UCCNef0BaHMAMM BblN0 MOKA3aHo, YTo 06/1acTb rpyAHOro
BbIXOA3 MMEET CNOXKHYI0 aHaTOMUYECKYHO CTPYKTYPY, COCTOALLYIO U3
TPEX MocCNeaoBaTeNbHbIX Y3KMX MPOCTPAHCTB — BbIXOAOB: BEpXHee
MPOCTPAHCTBO NPW BbIXOAE U3 FPYAHON KNeTKU, pEbepHO-NecTHUYHOE
NPOCTPAHCTBO M PEDEPHO-KAHOUMYHDBIN MPOMEXKYTOK [6, 7].

B KaZoM M3 yKasaHHbIX NPOMENKYTKOB GpUOPO3HbIE, MbilleY-
HbI€ 1 KOCTHbIE CTPYKTYPbI NIOTHO OKPYXAKT COCYANUCTO-HEPBHBIN Ny-
YOK, W, BCNeACTBME HApPYLEHWA UX B3aMMOOTHOLLEHWA, pa3BUBAETCA
M30/IMPOBAHHAA UM COYETAHHAA KOMMPECCUA MOAKNIOUMYHON apTe-
PVM U BEHDI, @ TaKXKe HePBOB NIEYEBOIO CMIETEHUA. B CBA3M € 3TUM, ¥
nauveHToB HabnloAaTCA apTepuanbHan, BEHO3HaA U HEBPOOrMye-
cKas dopmbl CIB [3, 5, 8].

MpoBeséHHbIE 3NUAEMMONOTMYECKME AaHHbIe MOKa3bIBaloT,
yto C'B MMeeT J0BO/IbHO LUMPOKOE PAacnpPOCTPaHEHWE, U pasHble ero
BapMaHTbl MOryT BCTpeyatbea y 5% Hacenenus [1-4]. MokasaHo, yTo
Tpu BapuaHTa CIB BCTpeyaroTcs HeOAMHAKOBO, M Hanbonee pacnpo-
CTPaHEHHBIM U3 HUX ABNAETCA HEBPONOTMYECKUI BapUaHT, CPEAHIO
Mo3u1LMI0 3aHUMAET BeHO3Has dopma, M Hanbonee peako Habnoaa-
I0TCA apTepuabHble BapuaHTbl C KIMHUKON OCTPOW UK XPOHWUYECKOM
aKpanbHoM mwemmm [1].

[laHHble nuTepaTypbl TaKKe NOKa3bIBalOT HEOAMHAKOBbINM XapaK-
Tep YacToTbl BCTPEYAEMOCTH Pas3anyHbIX Ho3on0rnueckux dopm CrB,
1 cpesm HUX B 6ONbLUMHCTBE CTly4aeB BCTPEYaeTca CUHAPOM f06aBou-
Horo LweiiHoro pebpa (4LWP) — B cpeaHem y 0,5-4,9% Bceobuuelt nony-
nAumu [1-6]. [aHHbIN CMHAPOM, XOTA U UMEET LIMPOKYIO PacnpocTpa-
HEHHOCTb, HO B bonee, yem 95% cay4aeB He NPOABAAETCA HUKAKUMU
KNMHUYECKMMM MPU3HAKaMK, TaK KaK pasmepbl A06aBoYHbIX pébep
He3HauYWUTeNbHbI, YTO HEeAOCTAaTOYHO ANA KOMMPECCUU Herpo-BacKy-
NAPHBIX CTPYKTYP [9]. CUMNTOMHBIMKU OHU CTAHOBATCA TO/BKO TOrAQ,
KOraa MMeeTcs KOMOMHAUMA BPOKAEHHDBIX CYXOXKMIbHO-MbILWEYHbIX
QHOMaNWM € AIMHHBIM, NNOCKMM U TOACTBIM LWeiHbIM pebpom, npu-
BOAALLMM K CAABNEHMIO HEPBHO-COCYAMUCTBIX CTPYKTYp [8-10].

Psz, aBTOpOB BnepBble OTHEC/M MepBOe rpyaHoe pebpo K npu-
unHHomy daktopy CIB npu pa3suTuM Tpombo3a NOAKIYUYHOM
aptepuu [7]. B yactHoctn, Murray A Falconer & Graham Weddell B
1943 roay BnepBble NOAPOOGHO OMMCaNM KAMHUYECKOE TeyeHue pé-
6epHO-K/IIOUYNYHON KOMMPECcUM y TPOUX MaLMeHTOB, M3-3a Yero B
nocaesytoLWemM AaHHbIA CUHAPOM CTaa HOCUTb MMSA 3TUX aBTOPOB [8].
NepBoe pebpo ABNAETCA eAMHCTBEHHOMN KOCTbIO B 06/1aCTU rpyAaHOTO
BbIX0Aa, y4acTsytoLLei B 06pa3oBaHNM YacTU CTEHKU BCeX TPEX aHaTo-
MMYECKM Y3KUX NPOCTPAHCTB, U, U3-3a U3MEHEHUA € KOHOUIypaLmm u
pacnonoXeHua, pa3BmBaeTCca Hepo-BacKyNAPHAA KOMMPECCHs.

INTRODUCTION

Thoracic outlet syndrome (TOS) is a symptom complex re-
sulting from external mechanical compression of the primary
nerve trunks of the brachial plexus and the subclavian vessels
as they exit the superior thoracic aperture toward the neck and
upper extremities [1-5]. Anatomical studies have shown that the
thoracic outlet region consists of three successive narrow spaces:
the interscalene triangle, the costoclavicular space, and the sub-
coracoid (pectoralis minor) space [6, 7].

Within each of these spaces, fibrous, muscular, and bony
structures tightly surround the NVB. Disruption of these anatom-
ical relationships leads to isolated or combined compression of
the subclavian artery, subclavian vein, and the brachial plexus.
Consequently, patients present with arterial, venous, or neuro-
genic forms of TOS [3, 5, 8].

Epidemiological data indicate that TOS is relatively wide-
spread, with various forms found in up to 5% of the population
[1-4]. The three variants manifest differently: the neurogenic
variant is the most common, the venous form occurs with inter-
mediate frequency, and arterial variants, presenting as acute or
chronic acral ischemia, are the rarest [1].

The literature also indicates varying frequencies of specific
causes of TOS. Among these, ACR is prominent, occurring in 0.5-
4.9% of the general population [1-6]. Although widespread, this
anatomical variation is asymptomatic in more than 95% of cases,
as the accessory ribs are often too small to compress the neu-
rovascular structures [9]. They become symptomatic only when
congenital musculoskeletal anomalies combine with a long or
thick cervical rib to cause compression [8-10].

Historically, several authors first identified the first thorac-
ic rib as a causative factor in subclavian artery thrombosis [7]. In
1943, Falconer and Weddell described the clinical course of cos-
toclavicular compression in detail, leading to the syndrome being
named after them [8]. The first rib is the only bone in the thoracic
outlet that contributes to the boundaries of all three narrow ana-
tomical spaces; changes in its configuration or location frequently
drive neurovascular compression.

The literature offers diverse perspectives on treating pa-
tients with TOS. Due to the variety of clinical manifestations,
these patients are often misdiagnosed by neurologists, rheuma-
tologists, or orthopedists and subjected to ineffective conserva-
tive therapy [9].

As has been noted, various forms of TOS carry a high risk of
thromboembolic complications. Therefore, surgical treatment is
generally recommended for symptomatic cases, while conserva-
tive therapy is reserved for patients with strict contraindications
to surgery. Conservative and surgical methods are not alterna-
tives but rather complementary approaches [10].
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B nuTepaType no-pasHoMy peLuaeTcs BOMpoc o Bbibope meToaa
nedeHna 6onbHbix ¢ CMB. 3TM NaupeHTbl, U3-3a pa3Hoobpasnusa Ku-
HUYECKMX NPOABNEHMI, YaCTO 0OPALLAOTCA M SleyaTcsa y HeBpPONaTo-
/I0T0B, PEBMATO/IOMOB M TPaBMATON0rOB MOA, PasHbIMM AMarHo3amh,
KNMHWYECKM NPOoABAAOWMMUCA 601eBbIM CUHAPOMOM B M/1€4EBOM
nosce, U Npu 3TOM MOABEPFrAOTCA HEMOIHOM UAN HeaddeKTUBHOM
KOHCepBaTMBHOM Tepanum [9].

Kak cnpaseanvBo oTMedeHo, pasHble popmbl CI'B npeacTasns-
IOT BbICOKWUI PUCK Pa3BUTMA TPOMBOIMBONNYECKMX OCNOMKHEHUM, B
CBA3M C YeM MPU CUMNTOMHbIX ero Gopmax PeKoMeHAyeTCs Bbinon-
HATb TONIBKO XMPYPrUYEecKoe IeYeHne, a K KOHCePBATUBHOW Tepanuu
HeobxoayMo npuberatb TONbKO B CNYYanX CTPOTMX MPOTUBOMNOKA3a-
HUI K LEKOMMPECCUOHHBIM BMELIATeNbCTBaM. [103TOMY CTaHOBUTCA
0YeBMAHbIM, YTO 3TV ABa MeToAa neyeHna CIB — KoHcepBaTMBHOE U
XUPYPrUYECKOE — He ABAAIOTCA a/IbTEPHATUBHBIMU, @ AOMOJHAIOT ApYyT
Apyra [10].

NuTepaTypHble faHHble CBUAETENLCTBYIOT O HEAOCTAaTOYHO NOJ-
HOM, a, B pAAe C/ly4aes, NPOTUBOPEYMBOM OCBELLEHWMM HEKOTOPbIX
BOMPOCOB 3THONaToreHe3a CI'B, oueHb YacToro pa3BUTKA Ha ero poHe
cMHApoma PeliHo (CP), a Takxe MeToA0B iedeHus pasHblx Gopm AaH-
Hoi nmatonormu [11-13], YTO AMKTYET HEOBXOAMMOCTb AaSbHENLINX
HaYYHO-KNMHUYECKUX UCCNEA0BaHMI B STOM HanpaBaeHUH.

LLENb UCCNEAOBAHMUA

ONTMMM3UPOBATb TaKTUKY BEAEHUs M BbIOOP METOA0B onepa-
TUBHbIX BMELIATENbCTB 419 YAYULEHWUA PE3y/bTaToB sieyeHns 60b-
HbIX C 3KCTpaBa3anbHbiMu Komnpeccuamm CHI npu CI'B.

MATEPUAN U METOADbI

B pamkax HacToALLero nccnegoBaHWA NpoBeAEH aHanun3 pesysb-
TaToB 06CN1E€A0BAHMA U XMPYPTUYECKOTO leveHuns 521 naumeHTa ¢ aKkc-
Tpasa3anbHbiMK Komnpeccuamu CHI BepXHUX KOHEYHOCTEN Y BbIXOAa
U3 rpyaHON KNeTKu (BCe MaTonornm obbenHeHbl 06LLMM Ha3BaHMEM
— CIB). Bce 371 60nbHble HaxoAMAUCH Ha nedeHnm ¢ 1990 no 2022 rr.
B OTA/1IEHUN XMPYPTUK COCYAO0B Pecnyb/IMKaHCKOrO Hay4HOTO LEEHTPa
CepLeyHO-COCYAMCTON XMpypruu.

PacnpegeneHue naumeHToB B 3aBUCUMOCTM OT 3TUOSIOTUYECKOTO
dakTopa kKomnpeccun CHIMN npeacrasneHo B TabA. 1.

Kak BMAHO M3 Tabn. 1, cpean BCeX BapMaHTOB KOMMPECCUU
npesannposan KKC, KoTopbiii umen Mecto y YyTb 6onee nNoNoBMHbI
NaumMeHToB U B ABa pas3a Yalle Y XeHLMH N0 CPaBHEHMIO C MYXYK-
Hamu. BTopyto nosuumto cpeam dpakTopos Komnpeccumn CHI 3aHMMan
CMHAPOM LeliHoro pebpa (CLUP), KoTopbili 6bin NpeacTaBieH B AByX
BapuaHTtax — JLLP n PLUP. CpasHUTeNbHO MeHbLue BcTpevannch CC u
CMIM — B COBOKYNMHOCTU MeHee, Yem y 10% obcnesoBaHHbIX.

Bo3pacT 60/bHbIX Konebanca B LUMPOKUX AMana3oHax npu pas-
HbIX cMHApomax — ot 14 go 60 net, B cpeaHem coctasus 31,2126
net. OCHOBHYIO Maccy NauMeHTOB COCTaBUIN LA MONOAOMO TPYAO-

Tabnuya 1 Smuonozudeckue pakmopsl Komnpeccuu CHI (n=521)

KKC/CCS 270
OLP/ACR 140
PLUP/RCR 67
CC/SS 26
CMIM/PMS 18
Bcero/Total 521
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Existing data regarding the etiopathogenesis of TOS, the fre-
quent development of secondary Raynaud's phenomenon, and
the optimal surgical strategies remain incomplete or contradicto-
ry [11-13]. This inconsistency highlights the need for further clini-
cal research in this area.

PURPOSE OF THE STUDY

To optimize management tactics and the selection of surgi-
cal interventions to improve outcomes for patients with extravas-
cular NVB compression in TOS.

METHODS

This study analyzed the diagnostic and surgical results of
521 patients with extravascular compression of the subclavian
vessels and brachial plexus (collectively referred to as TOS). All
patients were treated between 1990 and 2022 at the Vascular
Surgery Department of the Republican Scientific Center for Car-
diovascular Surgery in Dushanbe, Tajikistan.

The distribution of patients by etiological factors of NVB
compression is presented in Table 1.

As Table 1 shows, CCS was the most common compression
type, occurring in just over half of the patients and twice as of-
ten in women as in men. The second most common factor was
cervical rib syndrome (CRS), which was presented in two forms:
complete ACR and RCR. SS and PMS were comparatively less
common, occurring in fewer than 10% of those examined.

The patients' age ranged from 14 to 60 years, with an aver-
age of 31.2+2.6 years. The majority were working-age individuals
(67.2%), while school-age patients accounted for 15.2%. The du-
ration of illness ranged from 1 to 20 years.

To identify signs of neurovascular compression, Adson,
Halstead (Lange), and Wright tests were performed. Neurological
impairment was further evaluated using specialized clinical exam-
inations. In patients with secondary RP, blood flow in the palmar
arterial arches and digital arteries was assessed using cold and
nitroglycerin tests; these tests helped predict the effectiveness of
selective cervicothoracic sympathectomy (SCTS).

In addition to standard clinical methods, ultrasound Dop-
plerography (USDG) and duplex scanning (USDS) were utilized.
Radiography and CT were used to identify bone abnormalities,
while electroneuromyography (ENMG) was used to quantify neu-
rological disorders.

Radiographic examinations were the primary diagnostic
methods for CCS and CRS. For other conditions, such as SS and
PMS, imaging was primarily useful for differential diagnosis. Ra-
diographs were performed on all patients, typically in two projec-
tions (anteroposterior and lateral).

Table 1 Etiological factors for NVB compression in TOS (n=521)

% ¥eHwmHbl/Women My>kunHbl/Men
% (n) % (n)

51.8 34.7 (181) 17.1(89)
26.9 22.6(118) 4.2(22)
12.9 11.9 (62) 1.0 (5)

5.0 3.3(17) 1.7 (9)

35 2.3(12) 1.1(6)
100.0 74.9 (390) 29.1 (131)
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cnocobHoro Bo3pacta (67,2%). BonbHbIX WKOALHOTO BO3pacTa bblio
15,2%. amTenbHoCTb 3a601eBaHNA BapbuMpPOBaia B LWMPOKKUX Npese-
nax—ot1roga go 20 ner.

[na BbiABneHna npusHakos komnpeccun CHIT nposoaunuch
npobbl 3acoHa, JlaHre u PaiiTa. HeBponorMyeckne HapyweHus npo-
BEPA/IUCb HEBPONOTUYECKUMU TecTamu. Y 6ONbHbIX C BTOPUYHBIM
CUHAPOMOM PelfHO M3yyancs KPOBOTOK B apTepuasnbHbIX Ayrax KUCTKU
1 NanbLEeBbIX apTEPUAX C NPUMEHEHNEM XONOLO0BOV U HUTPOFNULLEPU-
HOBOW NPO6, KOTOPble NO3BONANM MPOTHO3UPOBAThb 3GPEKT onepaLmm
CENeKTUBHOM WeNHO-TPyAHONM cumnaTakTomum (CLUTC).

Kpome 06LLEKNMHUYECKUX METOLOB UCCAeA0BaHUs, bblan uUc-
No/b30BaHbI y/bTPa3ByKoBas gonnaeporpadus (Y3A4r) v aynnekcHoe
aHrmockaHuposaHue (Y34C), ans BbIABNEHWUS KOCTHbIX aHOMaNU —
peHTtreHorpaduma u KT, a ana onpeaeneHne HEBPOIOTMYECKUX Hapy-
LUEHMWI — anekTpoHepomuorpadus (SHMT).

PeHTreHonornueckme nccnesoBaHUA ABIANNCH OCHOBHbIMU METO-
Aamu B anarHocTtuke KKC u CLUP. Mpwu apyrux cuHgpomax — CCm CMIM
— OHW UMENN 3HaueHne Wb ana anddepeHUMansHON ANarHoCTUKK.
PeHTreHoN0rM4YecKk1e cCnea0BaHWA NPOBOAMNACH BCEM NALIMEHTAM U,
B HONBLUMHCTBE C/Iy4aeB, B ABYX NPOEKLUMAX — MPAMOI U HOKOBO.

Mpu KKC npousBoamaca peHTreHOBCKMIM CHUMOK, OXBaTblBato-
LW WelHble NO3BOHKM, KNIOUMLLY U BepXHUeE YeTbipe pebpa. Ha puc.
1 npefcTaBneHO U3MEPEHUE YINa OTKAOHEHUA U pasuyca ayrv nep-
BOro pebpa.

OpuWeHTUpPOM ABNANACh TOPU3OHTANbHAA OCb KJ/HOYMLbI, BCe
pacyéTbl NPOU3BOAMAMCH MO OTHOLLEHMIO K Hel. PacnonoxeHne nep-
BOro pebpa oLeHMBaNOCh cnefyolym 06pasom: BbICOKUM ero cTo-
AHWE CYMTaNoCb, KOfJa Ha NPAMOM PEHTTEHOBCKOM CHWMMKE Bblille
KNIOUMLBI NPOELMPOBANNCH 33ZLHME YacTU NepBbIX TPEX, HepeaKo, U
yetsépToro pébep. KoHdurypauwms ayrv nepsoro pebpa oueHnBanach
M3MepeHUem A/MHbI Paguyca Ayrv U yrna OTKAOHEeHUsA Ayru no oT-
HOLUEHMIO K OCK KNIOUMLpI, T.€. TOPU30HTAIbHOW NNOCKOCTU. B Hopme
Zyra nepsoro pebpa UMeeT anauncousHyo Gopmy, 1 yron oTKIOHe-
HUA COCTaBNAET MeHee 65°, Mpu 3TOM paguyc ayrv nepsoro pebpa
AAvHHBIA. Mpr KKC xapakTepHO BEPTUKaNbHOE PACMONOKEHME Ayru
MO OTHOLLIEHUIO K OCK KNIOUMLpI, U, 3@ CHET 3TOFO, yMEHbLUIAETCA AIMHA
paauyca ayrv nepsoro pebpa, a yron OTKAOHEHWA Ayrv COCTaBAAET OT
60° go 90°.

Puc. 1 V3mepeHue paduyca Oyau u y21a OmKAOHeHUA 0y2u nNepeo2o
pebpa npu KKC

Fig. 1 Measurement of the arc radius and the arc deviation angle of
the first rib in CCS

For patients with CCS, X-rays covered the cervical vertebrae,
the clavicle, and the upper four ribs. Fig. 1 illustrates the mea-
surement of the deviation angle and the radius of the first rib arc.

The horizontal axis of the clavicle served as the reference
point for all related calculations. The position of the first rib was
assessed as follows: a high position was defined when the pos-
terior portions of the first three (and often the fourth) ribs were
projected above the clavicle on an anteroposterior X-ray. The
configuration of the first rib arch was evaluated by measuring the
arch radius and its angle of deviation relative to the horizontal
plane of the clavicle. Normally, the first rib arch is ellipsoidal with
a long radius and a deviation angle of less than 65°. In CCS, the
arch is typically positioned more vertically relative to the clavicle,
resulting in a shortened radius and a deviation angle of 60°-90°.

The second most common cause of NVB compression in the
shoulder girdle was the presence of a cervical rib. As a congeni-
tal condition, it may remain asymptomatic throughout a patient's
life. As previously noted, this syndrome presented in two forms:
ACR and RCR. A cervical rib longer than 25 mm was classified
as ACR, while those shorter than 25 mm were classified as RCR.
These ribs originate from the transverse process of the 7th cervi-
cal vertebra (C7), often forming a joint with it. The distal end of
the cervical rib is directed toward the first rib, where it may form
an additional joint or fuse directly with it. The primary diagnostic
methods for these forms are radiography and CT. Figure 2 illus-
trates the radiographic signs of a bilateral process (ACR + RCR).

In terms of its course and clinical manifestations, SS was
milder than other forms of TOS. The age of patients in this group
ranged from 20 to 40 years, the period of greatest physical activ-
ity when significant hypertrophy of the scalene muscles occurs.
To diagnose SS, MRI was used alongside standard radiography to
provide clear visualization of the soft-tissue components com-
pressing the NVB. Initial radiography allowed for the differentia-
tion of SS from ACR or CCS.

PMS, or hyperabduction syndrome, was relatively less com-
mon than other forms of TOS, making it difficult to establish a
correct diagnosis.

Positional tests were crucial, particularly the Adson and
Halstead (Lange) tests. Notably, all observed patients had second-
ary RP, a vascular manifestation of TOS.

Ethics statement. The study plan was discussed and ap-
proved by the local ethics committee of the Republican Scientific
Center for Cardiovascular Surgery, Dushanbe, Republic of Tajiki-
stan, on March 12, 2025 (Protocol No. 3).

Statistical analysis. All numerical data obtained during the
study were entered into Microsoft Excel and processed statisti-
cally using Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA). Quanti-
tative variables were reported as mean t standard error, while
qualitative variables were expressed as percentages (%). Pairwise
comparisons of quantitative variables from independent samples
were performed using the Mann-Whitney test, and comparisons
of quantitative variables from dependent samples were per-
formed using the Wilcoxon test. Pairwise comparisons of qualita-
tive variables were conducted using the chi-square (x?) test. Dif-
ferences were considered statistically significant at p<0.05.

RESULTS

The clinical presentation of TOS depended primarily on
which anatomical structure was most compressed. Three forms
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Puc. 2 PeHmeeHozpamma nayueHma ¢ JLLIP cnpasa u PLUP cnesa
Fig. 2 Radiograph of a patient with ACR on the right and RCR on the left

BTopol no wvactoTe npuuMHOM Komnpeccum CHI B obnactu
M/ie4eBoro nosAca ABNANOCH LeiHoe pebpo. ABnAACL BPOXKAEHHOMN,
y 6O/IbLIMHCTBA NOAEIN 3Ta NATONOMMA MOMKET B TEYUEHUE BCEMN KU3HU
He NposBAATbCA. KaKk 6bi10 OTMEYEHO Bbile, AaHHbIA CMHAPOM bbin
npeacrasneH 2 popmamu — ALWP 1 PLLP. Koraa anvHa weiHoro pebpa
cocTaensna bonee 25 mm, To 310 0603Ha4anock Kak ALLUP, ecnn meHee —
PLLIP. LLleiiHble pébpa oTxo4mmM OT nonepeyHoro otTpocTka VIl weiHoro
no3soHKa (CVIl) n dopmmnpoBsanm ¢ HUM cyctas. CBOBOAHDIN KOHeL, Lweit-
Horo pebpa HanpaBAAACA B CTOPOHY NepBoro pebpa, popmupys ¢ HUM
[OMONHUTENbHBIN CycTaB. HepeaKo OHO cpacTanoch ¢ nepsbiM pebpom
6e3 obpasoBaHuA cycTaBa. OCHOBHbIM METOZOM JAMArHOCTUKU 3TOM
dopmbl aBnatoTca peHTreHorpadma u KT. Ha puc. 2 oTparkeHbl peHTre-
HONOTMYECKME NPU3HAKM ABYXCTOPOHHETO npouecca (ALLUP+PLUP).

CC no TeYEHUIO M KNIMHUYECKUM NPOABIEHUAM XapaKTepu3oBas-
ca 6onee nérkmm cpeam apyrvux popm CBIrA. BospacT naLmeHToB gaH-
HoW rpynnbl Konebancs ot 20 go 40 ner, T.e. B Nepuog, HanbonbLuen
d13nYecKol aKTMBHOCTM, KOFLA MMEET MeCTO 3HauuUTeNbHaA runep-
TpodMA NeCTHUYHbIX MblwL. Ana anarHoctukmn CC, Hapagdy €O CTaH-
[ApPTHON peHTreHorpadueit, bbina ucnonb3osaHa MPT, no3sonuBLaA
YETKO BM3YaNnN3MpPOBaTb MATKOTKAHbI KOMMOHEHT Komnpeccum CHIN.
OfHaKo NepBWYHOE BbLIMOJHEHWE pPeHTreHorpaduM Mo3BOAWMO, B
cBoto ouepeab, anddepeHumnposats CC ot ALLUP nam KKC.

CMI'M unu runepabayKUmMOHHbI CUHAPOM BCTPEYANCA OTHOCU-
TenbHo pexe, yem apyrue dopmbl CI'B. MocTaBUTb NPaBUbHBIN Ana-
rHO3 6b110 BECbMa TPYAHO.

Mo3nLMOHHbIEe TeCTbl UMeNu onpesenatoLlee 3HaYeHue, B YacT-
HOCTM Npobbl 3acoHa 1 NlaHre. CneayeT OTMETUT, YTO Y BCex Habto-
[LaBLUMXCA HamMK BONbHBIX OTMeYascs BTOPUYHbINA CP, KOTOPbIW OTHO-
cuTCA K BackynapHoi ¢popme CrB.

Tuyeckoe 3ansneHue. MnaH HacToALLero UccnenoBaHua Hbin
06CyKAEH Ha 3aceflaHUM NIOKaNbHOM 3TUYECKON Komuccuu Pecny-
6/IMKQHCKOrO Hay4yHOro LEHTPa CepAevHO-COCYAUCTON XUpYprum U
0£06peH Nnocne BHECEHUA U3MEHEHWI M fONONHEHMI 12 mapTa 2025
roga, npotokon Ne 3.

CratMcTUyeckuin aHanms. MonyyeHHble B XOf4e MCCNefoBaHUA
Bce LmMdpoBble faHHble OblnK BHeCEHbI B porpammy Excel n noasep-
THYTbl CTaTUCTUYECKOW 06paboTKe C MCMOAb30BaHWEM NPOrpPaMMmbl
Statistica 10.0 (StatSoft Inc., Tulsa, OK, USA). KonnyecTBeHHble Noka-
3aTe/IM ONWCaHbl B BUAE CPEAHEro 3HaueHUs U CTaH4apTHOW OWwK6-
KM, L1 KQUECTBEHHbIX NOKa3aTeneit BbluMcAaAnCL Aonu (%). MapHbie
CpaBHeHUA KOIMYECTBEHHbIX NOKa3aTeNei He3aBUCUMbIX BapyaLLMOH-
HbIX PAAOB NPOBeAEHbI NO KpuTepuio MaHHa-YUTHHM, @ KoNUYecTBeH-
Hble MOKa3aTen 3aBUCMMBbIX BapMaLMOHHbIX PAA0B NPOBEAEHbI NO
KpuTepuio BuakokcoHa. MapHble cpaBHEHMA KaueCcTBEHHbIX NOKa3aTe-
NeVi NpoBeAEeHbl MO KPUTEPHIO X2. Pasnnumns CYMTaanCh CTaTUCTUHECKM
3HauMmbImMu npu p<0,05.

PE3YNbTATbI

KnuHuueckaa kaptuHa komnpeccun CHIN npu Bbixoge u3 rpya-
HOW KNEeTKM B OCHOBHOM 3aBWCeNa OT NPeBasIMpOBaHMA KOMNpeccun
“3BHe TON WM MHOM aHaTOMMYECKOMN CTPYKTypbl. B 3aBucumoctn ot
aToro 61 aeHTMdULMPOBaHbI 3 GopMbI — apTepuanbHas, BEHO3-
HaA u Hesposormyeckas. OfHaKo y NaLMeHTOB Yallle BCEro otmeya-
J10Cb MX KOMBVHALIMA — HeBpO/orMyeckas Gopma B COYETAHUM C apTe-
pWanbHOM UK ¢ BeHo3Hol dopmamu CI'B.

Y nauueHToB c apTepuanbHoit dopmoit CIB oTmeyanach uile-
MUA PYKW BCNEACTBME CAABNEHUA MOAKNHOUYNYHO-NOAMbILLEYHOTO Cer-
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were identified: arterial, venous, and neurogenic. However, pa-
tients most often presented with a combination of the neurogen-
ic form and either arterial or venous compression.

Patients with the arterial form of TOS experienced arm isch-
emia due to compression of the subclavian-axillary segment and
vasospasm of the arterial bed. At the same time, neurological
symptoms were caused by compression of the brachial plexus.
The venous form manifested as hypertension in the subcutane-
ous veins and, in some cases, acute thrombosis of the subclavian
or axillary veins (Paget-Schroetter syndrome).

Falconer-Weddell costoclavicular compression clinically
manifested through three categories: positional ischemia, upper
extremity neurological symptoms, and, less commonly, venous
insufficiency. Typically, arterial and neurological dysfunctions co-
existed.

Among patients with CCS, 77.0% (208) exhibited both arte-
rial and neurological components. Due to NVB compression and
constant irritation of sympathetic fibers, 79.6% (215) of CCS pa-
tients had secondary RP. Vascular complications, such as distal
arterial thromboembolism, occurred in 1.5% (4) of CCS patients,
while venous complications (acute thrombosis or post-thrombot-
ic syndrome) occurred in 4.8% (13).

Cervical ribs were the second most common cause of NVB
compression. Thromboembolic complications were more fre-
quent in this group than in others. Atrophy of the hand muscles
(thenar and hypothenar) occurred in 25% of these patients. Po-
sitional ischemia was observed in all 140 patients. In 11 cases,
thromboembolism led to persistent critical ischemia of the hand.
In 10 patients, the process was bilateral. These patients were fre-
quently misdiagnosed with cervical spondylosis by neurologists.

Sixty-seven patients with RCR were observed. Unlike ACR,
only neurological impairment was typically observed in RCR pa-
tients, as the shorter rib length only affected the nerve trunks.
The RCR is short but thickened, located between the primary
trunks of the brachial plexus, and often fused with the surround-
ing muscle. A tendinous cord typically extends from the apex
of the RCR to the first rib, causing compression within the tight
space. RP was present in 44.8% (30) of this group.

ENMG was used to assess the functional state of the nerve
trunks. In all cases, functional disorders were observed due to



Cyamarnos 44 ¢ coasm. CHUHAPOM TPYAHOTO BBIXOAa

BECTHMK ABUMILIEHHEI
Tom 28 = No 1 % 2026

MEHTa M Crnasma BCero apTepuasnbHOro pycna BepxHel KOHEYHOCTH,
a HEBPO/IOrMYECKas CUMNTOMATUKa bblna 0bycnoBneHa Komnpeccuei
NepPBUYHbIX NN BTOPUYHBIX HEPBHbIX CTBO/IOB NEYEBOTO CNNETEHUA.
BeHo3HbIM BapuaHT CIB NpoABAAACA He TOMbKO TMNepTeH3neit U Ha-
NPAKEHUEM MOLKOXKHbIX BEH BEPXHUX KOHEYHOCTEW, HO U TpoMbo-
30M NOAKNOYMYHOM MAN NOAMBILIEYHOM BEH — CUHAPOMOM [MenKe-
Ta-LpetTepa.

KKC ®ankoHepa-Bensens KAMHUYECKM NPOABMACA TPeMA pas-
HbIMM KaTeropuammu CUMNTOMOB: NO3ULMOHHOM ULIEMUEN PYKU, He-
BPONOrUYECKMMM CUMMTOMAMM CO CTOPOHbI BEPXHUX KOHEYHOCTEW U,
pexe, BEHO3HOM HEAO0CTAaTOYHOCTLIO. Kak NpaBuo, apTepuanbHble U
HeBPO/IOTMYECKME HAPYLIEHUA COYETANNCh C NPEeBaASIMPOBAHNEM Of-
HWUX U3 HUX.

Cpeam Bcex naumeHToB ¢ KKC B 77,0% (208) HabatogeHuit Knu-
HUYECKM BbIPAXKEHHbIMM BblIM ABa KOMMOHEHTa 3abosieBaHusA: apTe-
pYanbHbI U HEBPOAOTMYECKMA. B pesynbTtaTe caasnenus CHI v no-
CTOAHHOTO pPa3gparKeHna CUMMNATUYECKMX HEPBHbIX BONOKOH Yy 79,6%
(215) 60onbHbIX M3 umcaa Beex anu, ¢ KKC oTmeyanach KIMHUKA BTOPUY-
Horo CP. CocyaucTble OCNOXKHEHMA B BUAE TPOMOOIMOONNM AUCTaNb-
HOTO pycna apTepuii BEPXHUX KOHEYHOCTEN Oblan oTmeyeHbl y 1,5%
(4) 6onbHbIX ¢ KKC, @ OCI0MHEHMA CO CTOPOHbI MarncTpabHbIX BEH
C OCTPbIM TPOMBO30M MOAMBILLEYHON WM MOAKNOUNYHOW BEH, MBO
noctrpomboTunyeckoit 6onesHbto (cuHapom Meaxketa-LpetTepa) ot-
meyanuch B 4,8% (13) cnyyaes.

BTopoi no YactoTe npuunHoi Komnpeccum CHI agasnoco Lweii-
Hoe pebpo. Y AaHHOM rpynmnbl NALMEHTOB Yalle OTMEYaanNCh TPOMbO-
amMboIMYecKMe OCNOKHeHUs, Npu apyrux dopmax CrB. Mmnotpodun
Mbiwy, K1cTu (thenar u hypothenar) 6bin1a XapakTepHbIM OCOXKHEHM-
eM A/1A 3TOr0 CMHAPOMA M BCTPeYanach y YeTBEPTU HabntogasLmxca
60/1bHbIX. MO3ULMOHHAA ULWEeMMA OTMeYanach y Bcex 140 naumeHToB.
B 11 HabnogeHMAX MMEeNa MeCTo NOCTOAHHAA KPUTUYECKas Uwemuns
KUCTW M NaNblEB B pesynsTate TPOMO0IMOOANYECKUX OCNOKHEHUN.
Bo Bcex cyyanx peHTreHON0rMYeck bbINo NOATBEPKAEHO Hannume
[ALUP, a'y 10 naupeHTOB npoLecc 6bin ABYXCTOPOHHUM. ITU NaLMEHTbI
yallle BCEro NeYnncb Y HEBPOMATOAOrOB MO MOBOAY OCTEOXOHAPO3a
LUeHOro oTae/a NO3BOHOYHMKA.

C PLLIP Habntopanmch 67 naupeHTos. B otanume ot [P, npu PLUP
OTMEYa/ICb TONIbKO HEBPOIOTUYECKME HAPYLUEHUA, TaK KaK U3-3a WX
MEHbLLEN AJIMHbI KOMMNPeccun bbinn NOABEPKEHDI TONBKO HEPBHbIE
crBonbl. Cnepyet oTMeTUTb, YTo PLUP — KOpOTKOE, HO YTONLWEHHOE, U
pacnonaranacb OHO MeXIy TPeMA NepBUYHbIMM CTBOIAMM NNEYEBOro
cnneteHua. PLLP co Bcex CTOPOH CHapy»KK CPaLLEHO C MbILWIL@MWU, U, KaK
npaBuo, Bceraa oT BepXyLKu PLUP K nepomy pebpy TAHETCA CTpyHa
CYXOMMU/IbHOTO TAXA. M13-3a TeCHOTbI NpoCcTpaHcTea no nepumetpy PLUP
1 pybLOBOro MpoLecca NPOMCXOAUT KOMMPECCUA HEPBHBIX CTBO/IOB. Y
44,8% (30) 60/1bHbIX @HHOM rpyNMbl UMenach KnMHuKa CP.

IHMI aBnAnacb 06BEKTUBHBIM METOLOM OLLEHKM GYHKLMOHANb-
HOTO COCTOSIHUA HEPBHbIX CTBO/IOB BEPXHUX KOHEYHOCTEN Y 60/IbHbIX
¢ CLLIP. Bo Bcex c/iy4asx otTmevannch GpyHKLMOHAIbHbIE PacCTPOMCTBA
HepPBOB BEPXHUX KOHEYHOCTEW B PE3yNbTaTe KOMMPECCMU NEPBUYHBIX
CTBO/IOB M/1e4eBOro cnseteHus. Lenbto BbinonHenna SHMI asmnock
N3y4eHne TAKECTU KOMMNPECCUM HEPBHDBIX NMYYKOB NJe4YeBoro cnaerte-
HWA U OLEHKA HapyLUeHWi NPOBOAMMOCTM MO ABUraTe/IbHbIM U YyB-
CTBUTE/IbHBIM HEPBHbIM BOIOKHAM CPEAMHHOTO U TIOKTEBOTO HEPBOB.

[aHHbIl MeTog, NpUMeHEH y 24 naumenToB ¢ CLUP u ana cpas-
HeHua y 20 340p0BbIX YeNOoBeK. B Tabn. 2 1 3 npuBeaeHbl pe3ynbTaThl
SHMT cpeanHHOrO ¥ IOKTEBOrO HEPBOB.

AHanu3 nonyveHHbIX pesynstatos IHMI cpeamHHOro Hepea no-
Kasas, 4To y naumenTos ¢ CLLUP HabntogaeTca 3HauUTENbHOE CHUMKE-
HMe CKOPOCTU NPOBEAEHNA MMMYNbCA NO YYBCTBUTE/IbHBIM BOIOKHAM,
UTO YKa3bIBAET Ha BbIPAXKEHHYIO CEHCOPHYIO ANCOYHKLMIO, CBA3aHHYHO

brachial plexus compression. ENMG assessed the severity of com-
pression and conduction disturbances in the motor and sensory
fibers of the median and ulnar nerves. This assessment was ap-
plied to 24 patients with CRS compared to 20 healthy controls
(Tables 2 and 3).

Analysis of the ENMG results for the median nerve revealed
that patients with CRS exhibit a significant reduction in SNCV.
This finding indicates severe sensory dysfunction associated with
brachial plexus compression. However, a significant reduction in
MNCV was detected only on the left side, suggesting localized
compression or asymmetric limb involvement.

Patients also exhibited a significant reduction in the number
of active motor units, indicating neurogenic degeneration caused
by chronic compression of the primary trunks of the brachial
plexus. Furthermore, a significant prolongation in the latency pe-
riod was observed, which may be associated with changes in the
excitation threshold or disruption of the normal impulse-conduc-
tion pathway.

The statistically significant difference in maximum ampli-
tude between the healthy cohort and patients with CRS indicates
decreased motor neuron functional activity. This decrease may
be due to degenerative processes or partial denervation of the
upper limb.

In conclusion, ENMG reveals reliable signs of neurophysio-
logical changes in patients with CRS. The most pronounced ab-
normalities are observed in sensory parameters, latency, and
motor unit count, confirming the compressive nature of the le-
sion. These data emphasize the importance of early diagnosis and
monitoring of the peripheral nervous system in this patient pop-
ulation. Similar results were obtained during ENMG of the ulnar
nerve, as presented in Table 3.

As shown in Table 3, ENMG of the ulnar nerve in patients
with brachial plexus compression showed a statistically significant
decrease in conduction velocity in both sensory and motor fibers.
Additionally, a reduction in the number of active motor units and
a prolongation of the latent period were observed in the affected
limb.

The primary goal of surgical treatment for all forms of TOS
is to eliminate the anatomical causes of NVB compression. All
patients underwent decompression procedures tailored to the
underlying cause, including 15 patients who underwent staged
bilateral decompression.

The most challenging surgical cases were those involving
CCS, where indications for surgery were categorized as either rel-
ative or absolute. In the absence of complications or significant
arterial and neurological symptoms, and where conservative
therapy proved effective, surgery was deferred.

Patients in this subgroup underwent first rib resection via
transaxillary or supraclavicular approaches (Table 4). Transaxillary
first-rib resection was the primary procedure for CCS, with 241
procedures performed in 199 patients. In 194 cases, rib resection
was combined with SCTS in patients presenting with secondary
RP.

In three cases of thromboembolic and arterial complica-
tions, first rib resection was supplemented by brachial/axillary
artery thrombectomy to restore distal blood flow. In two cases in-
volving subclavian artery aneurysms, the aneurysms were resect-
ed and reconstructed using either end-to-end anastomosis or in-
terposition grafting using an allograft.
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Tabnauya 2 lNokasamenu IHMI cpeduHHoz20 Hepsa npu CLUP u 8 Hopme

Table 2 ENMG parameters of the median nerve in patients with
CRS and healthy controls

MNMokasarenu SHMT KoHeuHoCTb CLp 3Aoposble
ENMG indicators Limb CRS Y P
(n=24) (n=20)

CkopocTb NpoBeaeHuA nmnynbca no ad)d)ep(EHTHblM npaBaﬂ/right 38.5+10.1 61.0+2.6 <0.001
BosIoKHam (CMU add.), m/c

Sensory NCV (SNCV), m/s neBaﬂ/Ieft 38.4+11.3* 60.8+2.4* <0.001
CKOpOCTb NpoBeAeHUsA UMNyNbca Mo 3GdepeHTHbIM npasas/right 55.5+15.4 57.5+2.2 >0.05
BosiokHam (CMU add.), m/c

Motor NCV (MNCV), m/s neas/left 52.4+10.9* 57.742.3* <0.05
Yucno GyHKUMOHUPYOLLMX ABUraTeNbHbIX eanHul, OE npasas/right 234.0£82.2 307.0£39.2 <0.001
Number of Motor Units (MUNE) nesas/left 219.0+63.1* 305.2+38.4* <0.001
JlaTeHTHbIN Nnepuoa, m/c npagas/right 13.5+2.0 4.3+2.2 <0.001
Distal latency, ms nesas/left 13.442.0* 4.4+1.39* <0.001
MakcumanbHaa amnantyga, MKB npasas/right 8.616.4 13.3+1.9 <0.05
Maximum amplitude, pV nesas/left 8.314.2* 13.6%2.0* <0.001

MprmeyaHue: p — CTaTUCTUYECKAA 3HAUMMOCTb PA3INYMA NOKA3aTeNeN MeKAY rpynnamu (no Kputepuio MaHHa-YUTHU); ¥ — OTCYTCTBME CTATUCTUMECKM 3HAUMMBIX Pa3InumiA
NoKa3aTenei Mexay N1eBoi U NPaBoW BEPXHUMM KOHEYHOCTAMM (MO KpUTEPUIO BUAKOKCOHA)
Note: p — indicates the statistical significance of differences between groups (according to the Mann-Whitney test); * — indicates the absence of statistically significant

differences between the left and right upper limbs (according to the Wilcoxon test)

C Komnpeccuei HepBHbIX CnieTeHU. OfHAKO, 3HAUMMOE CHUNKEHMe
CKOPOCTU MMMyAbCa MO ABUraTe/bHbIM BONOKHaM Oblio BbIABAEHO
TONBbKO CNEeBa, YTO MONET CBWUAETE/bCTBOBATb O JIOKA/M30BaHHOW
KOMMPEeCCHUN NN aCUMMETPUYHOM NOPAKEHUM KOHEYHOCTEN.

Bblf10 BbISIB/IEHO, YTO Y NALMEHTOB TakKXe HabNtoAanoch 3Haum-
TeNbHOE CHUMKEeHMEe KOIMYECTBA aKTUBHBbIX ABUraTe/bHbIX e4MHUL, 4TO
CBUAETENbCTBOBANO O HEMpPOreHHoM aereHepalu, 0bycnoBAEHHOM
XPOHWUYECKOIN KOMNpeccueit NepBUYHbIX HEPBHBIX CTBO/IOB M/1€4EBOT0
cnneteHus. Kpome TOro, Take 6bls10 OTMEUYEHO CYLLECTBEHHOE Ya/u-
HeHWe NaTeHTHOro NepuoAa, 4To HbiN0 CBA3AHO C U3MEHEHWEM NOPO-
ra BO30YXAEHMA UM HapyLUeHNeM HOPMa/bHOTO NYTU NPOBEAEHUs
“Mnynbca.

CTaTUCTUYECKM 3HAUMMOE Pa3/iMyMe NoKasaTeneill Makcumab-
HOW aMNAWTyApl Y 340POBOW KOropTbl M y NaumeHToB ¢ CLUP Takxe
CBUAETENbCTBOBANO O CHUNKEHUM DYHKLMOHANIBHOW aKTUBHOCTU MO-
TOPHbIX HEVPOHOB, 4TO, BO3MOXKHO, BbIN0 CeACTBUEM fereHepaTuB-
HbIX MPOLLECCOB WM YaCTUYHOM AeHEPBALIMU BEPXHEN KOHEUYHOCTH.

B faHHOM CBA3M MOXKHO CAeNaTb BbIBOA, O TOM, UTO Y NaLMEHTOB
¢ CLUP npv SHMT BbIsiBNAKOTCA AOCTOBEPHbIE NPU3HAKK Helipodusno-
NOrMYeCcKMX u3meHeHui. MNpu sTom Hanbonee BbipaKeHHbIE OTKIOHE-
HUA HabOAAKOTCA B CEHCOPHDbIX NMOKA3aTeNsx, TaTeHTHOM nepuoae u
yncne ABUraTeNbHbIX eAMHNL, YTO NOATBEPKAAET KOMMNPECCMOHHBIN
XapaKTep nopaxkeHus. 3T1 AaHHble NOAYEPKMBAIOT BaXKHOCTb PaHHEN
[MArHOCTUKM U MOHUTOPUHIA COCTOAHMA nepudepruyeckort HepBHOM
CUCTEMBI Y IAHHOM KaTeropum naLMeHToB.

AHanornyHble nokasatenu 6bi1n nonyyeHsl npu SHMI nokteBo-
ro Hepea y obcnefoBaHHbIX NALMEHTOB, Pe3y/ibTaTbl KOTOPOM Npes-
cTaBneHbl B Tabn. 3.

Kak BMAHO 13 Tabn. 3, Ha doHe KoMNpeccun NepBUYHbIX HepB-
HbIX CTBO/I0B NeYeBoro cnaeteHns npu SHMI noKTeBoro HepBa Bbl-
AB/IAETCA CTaTUCTUYECKM 3HAYMMOE CHUMKEHWME CKOPOCTU MPOBOAM-
MOCTU No YyBcTBUTENBHBIM (CMU add.) n aBUraTenbHBIM BOJIOKHAM,
a TaKKe OTMEYAETCA CHUMKEHME KOIMYECTBA ABUraTe/IbHbIX €AUHUL, U
YA/MHEHWE NaTeHTHOTo NepMoAa B NOPAXKEHHON KOHEYHOCTH.

OcHOBHOM 3aa4elt XMpPypruyeckoro neveHns npu scex Gopmax
CI'B ABnaetcA ycTpaHeHue npuynH Komnpeccum CHIN. Bcem naumen-
Tam B 3aBUCMMOCTM OT daKTopa caasneHus Obln BbINMOJHEHb! pas-
JIVYHblE AEKOMMNPECCMOHHbIE onepaLmu, B Tom yucae 15 6onbHbIM — ¢
Z1BYX CTOPOH B pa3Hble CPOKM.
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To improve outcomes for first rib resection, we developed
a modified technique (Republic of Tajikistan Patent No. TJ 605,
March 18, 2014) that addresses limitations in traditional meth-
ods. Conventionally, many surgeons perform subperiosteal rib
resection by stripping the periosteum along the entire length of
the rib and leaving it in situ. However, this approach has sever-
al disadvantages: complete periosteal detachment is technically
challenging, especially in older patients, and the remaining peri-
osteum can serve as a scaffold for scar tissue formation or bony
callus regrowth, which may lead to recurrent compression. Fur-
thermore, this approach results in prolonged operative time. The
proposed technique involves resecting the rib along with its peri-
osteum. This approach aims to simplify the surgical procedure
and facilitate a more extensive resection of the posterior rib seg-
ment near the vertebral transverse process. Given the proximity
of this segment to nerve trunks, thorough removal is often con-
sidered a critical step in addressing compression.

When the rib and periosteum are resected together, the re-
sulting anterior stump may have sharp edges. To mitigate the risk
of injury to the subclavian vein or the pleura, and to reduce the
potential for pleuritic pain during respiration, the technique sug-
gests covering the anterior stump by suturing the periosteal edg-
es, as illustrated in Fig. 3-5. The posterior stump typically does
not require similar coverage, as it is generally protected by the
surrounding musculature.

All patients with CRS underwent resection of the anomalous
ribs; in 68 cases, this was performed in combination with SCTS.
To minimize complications, we refined the technique for ACR re-
moval, as illustrated in Fig. 6-8. A supraclavicular approach with
an incision length of 10-15 cm was used. Following the incision of
the skin and subcutaneous tissue, the anterior scalene muscle and
the overlying phrenic nerve were mobilized, secured with a vessel
loop, and gently retracted. A scalenotomy was then performed.

The next surgical stage involved mobilizing and thoroughly
neurolyzing all three primary trunks of the brachial plexus, which
are closely associated with the cervical rib. The subclavian artery
was retracted to clear the surgical field. The proximal segment of
the cervical rib was then mobilized and resected. Subsequently,
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Tabnuya 3 lNokasamenu IHMI nokmesozo Hepsa npu CLLIP u 8 Hopme

Table 3 ENMG parameters of the ulnar nerve in patients
with CRS and healthy controls

3p0poBblie
Healthy (n=20) P
npasas
CKOPOCTb NpoBeAeHMA MMNYAbCa MO apdPepeHTHbIM . 41.7+13.9 62.5+2.6 <0.05
right
BosiokHam (CMU ado.), m/c
Sensory NCV (SNCV), m/s "f‘:;’:" 40.0+14.1* 62.4+2.3* <0.05
e
npasas
CKopOoCTb NpoBeaeHNA MMNyAbca No 3ppepeHTHbIM . 51.4+13.4 62.5+3.0 <0.05
right
BosiokHam (CMU add.), m/c
Motor NCV (MNCV), m/s "f‘:;':" 54.0412.1* 62.3+2.9* >0.05
e
npasas 252.3168.0 330.2425.7 <0.05
Yncno GYyHKUMOHUPYIOLWMX ABUraTENbHbIX eamHul, AE right
Number of Motor Units (MUNE
( ) "f;:" 263.4478.4* 331.3£25.8* <0.05
. npasas 26.242.0 5.6£1.2 <0.05
NateHTHbIN Nnepuog, m/c right
Distal latency, ms
y niesan 26.142.0* 5.742.0% <0.05
left
fpasas 8.043.7 13.5¢1.2 >0.05
MaKcumanbHaa amnanTyaa, MkB right
Maximum amplitude, pV
P " e 8.1¢3.7* 13.4+1.1* >0.05

NpumeyaHue: p — CTaTUCTUYECKAA 3HAUUMOCTb PA3INYMA NOKA3aTENEN MEKAY rpynnamu (Mo Kputepuio MaHHa-YUTHU); ¥ — OTCYTCTBME CTATUCTUUECKM 3HAUMMbIX Pa3Inumii
noKasaTeneit Mexay N1eBoW U NPaBoi BEPXHUMM KOHEYHOCTAMM (MO KpUTEpHIo BUKOKCOHa)
Note: p — indicates the statistical significance of differences between groups (according to the Mann-Whitney test); * — indicates the absence of statistically significant

differences between the left and right upper limbs (according to the Wilcoxon test)

Haunbonee cnoXHbIM B OTHOLLEHUM XMPYPTUYECKOMN TaKTUKM AB-
nanca KKC, NoKasaHWA K XMPypruyeckomy nedeHuto Kotoporo bbiam
OTHOCUTENbHbIMU, NM60 abcontoTHbIMU. B Tex cuTyauumax, Koraa Het
OC/IOXKHEHWI, HET BblPaKeHHbIX CUMMTOMOB, Kak apTepuanbHbIX, TaK
1 HEBPONOTMYECKUX, NMPU 3GGEKTUBHOCTU KOHCEPBATUBHOW TEpanuu
MOKHO OTCPOYUTb XMPYPruyecKoe BMeLLaTeNbCTBO.

MauveHTam 3ToV NOArPYNMbl BbINONHANACH PE3EKLMA NEPBOro
pebpa TPaHCAKCUANAPHBIM M HAZKMHOYMYHBIM AOCTynamu (Tabn. 4).
Cnenyet OTMETUTb, 4TO TPAHCAKCUANAPHAA Pe3eKLMA nepsoro pebpa
ABNANACb OCHOBHbIM BMAOM onepauuu npu KKC: 199 naumeHTam
6blna BbiNoNHeHa 241 onepauma pesekuum pebpa. NocnegHss B8 194
CNyyvanx Npu Hannumm y naumeHtos CP covetanack ¢ CLUTC.

Mpn TPOoMB0IMBONNYECKUX W apTEPUasbHBIX OCNOKHEHUAX
B 3 c/y4anx, Kpome pesekumu nepsoro pebpa, 6bina npousseseHa
TPOMBIKTOMMA U3 apTEPUIN BEPXHUX KOHEYHOCTEW C NPAMbIM BOCCTa-
HOB/IEHWEM KPOBOTOKA. B ABYX Hab/ioAeHWAX Npy aHeBpU3ME Nog-
KNOYMYHOW apTepun Bblnn NpousBeAeHbl Pe3eKLMM aHeBPU3MbI C
QHAaCTOMO30M KOHeL, B KOHeL,, UK e anionpoTe3npoBaHuem.

C uenblo ynyylleHna pesynsTaToB pesekuuu nepsoro pebpa
Hamu npegsiokeH cnocob, KOTOpbIM OTAMYAeTCA HeKOTOPbIMU
TEXHUYECKMMU OCOBEHHOCTAMM OT MPUMEHAEMbIX APYrUMU aB-
TOpamu meToauK (nateHT Pecnybauku Tagkukuctan Ne TJ 605 ot
18.03.2014 r.). B 4acTHOCTU, APYTMMMK CNELUMaNNCTaMMU pe3eKums
pebpa ocyliecTBaAeTCA OTCNOEHUEM HALKOCTHWLbI, MO BO3MOX-
HOCTM, Ha BCEM MPOTAXKEHWUM W OCTaBJAEHWEeM eé BMOCNeacTBUM,
4YTO UMEeT HeKoTopble HegoCTaTKM. B yacTHOCTH, oTChoeHne Hag-
KOCTHMLbI Ha BCEM NPOTAXEeHUM pebpa, 0COBEHHO Y UL, CTapLUero
BO3pacTa ABAAETCA TPYAHbIM M, 3a4acTyto, HEBO3MOXHbIM. Kpome
TOrO, Ha MecTe OCTaB/JIeHHOM HaAKOCTHULbI MOXeT pa3pactaTbCs
pybLOBbLIN NpoLLEcc, KOCTHAA MO30/b, U, KPOME TOrO, YAJ/IMHAETCA
NPOAOIKUTENBHOCTb onepaumm. CyLHOCTb NPeaNOXKEHHOT0 HaMu

the rib was mobilized down to its point of fusion with the first rib.
After clearing the space between the accessory and first ribs, the
anomalous rib was separated using rib rongeurs and removed.

In patients presenting with RP, the procedure was followed
by SCTS using the previously described technique. This interven-
tion was performed in 57 patients with RP and in 11 cases involv-
ing other arterial complications.

Sixty-seven patients with RCR were observed. Our clinic de-
veloped and proposed a surgical treatment method for RCR re-
section to prevent damage to the primary trunks of the brachial
plexus caused by sharp rib ends after resection (Patent of the Re-
public of Tajikistan No. TJ265).

The types of operations performed in the RCR group are
presented in Table 6. Specifically, 55.2% (37) of patients under-
went decompression interventions alone, while the remainder
underwent decompression in combination with SCTS.

SS was observed in 26 patients, all of whom also exhibited
clinical manifestations of RP. All patients underwent scalenotomy
and SCTS under general endotracheal anesthesia via a supracla-
vicular approach, with excellent immediate results.

Eighteen patients underwent SMGM surgery. Since the NVB
was primarily compressed by trigger points in the pectoralis mi-
nor, the procedure focused on transecting the muscle's tendon to
relieve the compression.

The average operating time and key parameters such as in-
tra- and postoperative complications are presented in Table 7.

A review of surgical outcomes during the hospital period
showed no mortality. Postoperative complications were managed
promptly and did not affect the final clinical results. The hemo-
dynamic effect of SCTS in patients with RP was evident shortly
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Tabnuya 4 Bude ssinonHeHHsIx onepayuii npu KKC (n=270)

Table 4 Types of surgical interventions performed for CCS (n=270)

o e

TpaHcakcunnsapHas pesekuus nepsoro pebpa
Transaxillary first rib resection

6e3 CLUIC

isolated resection (without SCTS)

B coveTaHuu ¢ CLUIMC

combined with SCTS

C TPOMB3KTOMMEW U3 AUCTANIbHOMO apTepuasnbHOro pycaa
combined with distal arterial thrombectomy

C peseKumein aHeBPM3Mbl NOAK/IOUMYHOM apTepum C aHaCTOMO30M KOHel, B KoHel, (1) n

annonpotesnposaHuem (1)

combined with subclavian artery aneurysm resection and reconstruction (1 end-to-end, 1 interposition graft)

Pesekuus nepBoro pebpa HagKNOYMYHbIM AOCTYNOM
Supraclavicular first rib resection

CkaneHoTOoMMUA

Scalenotomy

B coveTaHum ¢ CLUIC

combined with SCTS

Bcero

Total

241* 89.3
47 17.4
194 71.9

3 11
2 0.7
9 33

20%** 7.4
20 7.4
270 100.0

Mpumeyanue: * — B8 Tom uncne 42 601bHbIX ONEPUPOBaHbI C APYroi CTOPOHbI; ** — B Tom uncne 7 60/1bHbIM Bblna Npov3seseHa O4HOMOMEHTHAsA ABYXCTOPOHHAS CKane-

HoTomumaA u CLLUTC

Note: * —includes 42 patients who underwent contralateral surgery; ** —includes 7 patients who underwent simultaneous bilateral scalenotomy and SCTS

cnocoba 3akloyaeTcs B pesekyun pebpa BMecTe ¢ HafLKOCTHULEN,
UTO 3HAYUTENbHO YNPOLLAET TEXHUKY BbINOAHEHUs OnepaLuu, no-
3BOAIAET MAaKCUMaNbHO BAMKE K NONepeyHoMy OTPOCTKY NO3BOHKA
peseuupoBaTh 3a4HI00 YacTb pebpa. 3aaHAs yacTb 61M3K0 pac-
MOJIOXKEHA K HEPBHbIM CTBO/MIAM M HEMOCPEACTBEHHO Y4acTBYeT B
KOMMPECCUn NMoCNeAHMX.

Npw pesekumn pebpa BMecTe ¢ HAAKOCTHULLEN NepeaHsa KyabTa
pe3eLupoBaHHOro pebpa CTAaHOBUTCA OCTPOI 1 OTONEHHOM, UTO Hexe-
NaTenbHO MO MPUYMHE BO3MOMKHOCTW MOBPEXAEHUA MOAKNOUNYHOM
BEHbI W NAEBPbI OCTPbIMM €€ KpasMM. ITO MOXKET BbI3BaTb TaKe 60/11
B pesy/ibTaTe pasfpakeHus niespbl BO Bpemsa Baoxa. 1o atoit npu-
UMHE Mbl PEKOMEHAYEM YKPbITUE MepeaHer KynbTv NoALIMBaHUEM
HaZKOCTHUUBI (puc. 3-5). 3agHAs e KynbTa pebpa ocTasnsetca 6es
YKPbITUA HaAKOCTHULEN, BBMAY TOTO YTO OHa NPW aAEKBaATHOW pesek-
UMM pebpa NPUKPbLIBAETCA OKPYMAOLWMMM MbILLLAMM, Y HUKAKUX He-
KenatenbHbIX NOCNEACTBUIN He UMEET.

Puc. 4 PeseluposaHa nepedHss yacms | pebpa

Puc. 3 PacceyeHue HaOKocmHuybl
Fig. 3 Incision of the periosteum rib

after surgery; Doppler ultrasound imaging showed a significant
increase in linear blood flow velocity (LBFV) to several times
baseline values. Table 8 presents the ultrasound Doppler results
before and after SCTS.

As shown in Table 8, a statistically significant increase in mean
LBFV was observed in all examined arteries postoperatively. The
most pronounced improvement was noted in the ulnar artery, with
an increase of nearly 10 cm/sec. This finding indicates resolution
of vasospasm and increased distal arterial diameter, leading to im-
proved hemodynamics. Increased blood flow in the radial and dig-
ital arteries further confirms the effectiveness of the intervention.

The long-term success rates of surgical treatment by group
were as follows: CCS (91.9%), SS (100%), PMS (100%), ACR
(90.7%), and RCR (83.6%).

Puc. 5 [MepedHss Kynbma pebpa ykpsima noowu-
8aHUEM HAOKOCMHUUb!
Fig. 4 Resection of the anterior segment of the first Fig. 5 Coverage of the anterior rib stump by

suturing the periosteum
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Mpy cuHapome wWeiiHoro pebpa Bcem nauueHTam Hblna Bbi-
MO/SHEHA Pe3eKLMA aHOMaNbHbIX PEbep, B TOM uncie B 68 cayyasx
B KombuHaumm ¢ CLUTC. C uenbto NpoPUNaKTUKK pPAAa OCNOKHEHMI
HaMK ycoBepLUEHCTBOBaH cnocob yaanenus ALIP. 31anbl onepaumm
npeacTasneHbl Ha puc. 6-8. [nsa pesekumu weinHoro pebpa mcnonb-
30Ba/ICA HAAKNOUMYHBIN JOCTYN ¢ AAnHOM paspesa 10-15 cm. Mocne
PacceYeHMn KOXM U NMOLKONKHOW KNETYATKKU B NOCNeaytoLLem NpoBo-
AMnacb MobuM3auma NECTHUYHOM MbILLbBI U PACMONOKEHHOTO Ha
Hell AnadparmasbHOro HepBa, KOTopbli bpancs Ha MATKYIO AepXKankKy
1 0TBOAMACA B CTOPOHY. [locne 3Toro BbINOAHANACH CKANEHOTOMMUA.

Puc. 6 Hadknro4uyHbil docmyn weliHomy
pebpy, 8bidesieHUe HePBHbIX CMB0sI08

Fig. 6 Supraclavicular exposure of the cervical

rib and isolation of the brachial plexus trunks — brachial plexus trunks

Puc. 7 Mobunu3o8aHsi weliHoe pebpo u
HepaHble CMB0sIbl NAeYes020 CnAemeHUs

Fig. 7 Mobilization of the cervical rib and

DiscussiON

The present study focused on primary pathologies involv-
ing extravascular compression of the thoracic outlet, collective-
ly known in international literature as Thoracic Outlet Syndrome
(TOS) [7, 9, 11, 12]. The choice of treatment for TOS remains a
subject of debate. Patients often consult multiple specialists, in-
cluding neurologists and orthopedists, before seeing a vascular
surgeon, frequently receiving prolonged or ineffective conserva-
tive treatment.

Puc. 8 Pe3eyupo8aH npoKcUMasbHbil
ceameHm pebpa, 3amem oucmarnbHeil
KoHey

Fig. 8 Sequential resection of the proximal
and distal segments of the cervical rib

Tabauya 5 Budbi 8binosiHeHHbIX onepayuti y 6oneHeix ¢ ALLP (n=140)

Table 5 Surgical interventions in patients with ACR (n=140)

D v <A R

Pesekuua ALUP (Bcero)

Resection of ACR (Total)

ccurc

combined with SCTS

¢ CLUIC n Tpomb3KTOMMEN M3 AUCTANbHOMO apTepPUanbHOro pycna*
combined with SCTS and distal arterial thrombectomy*

¢ CLUTC, Tpomb3KTOMME U3 ANUCTaNbHOIO apTepuasbHOro pycna u pesekumeit aHeBpU3Mbl MOAK/IHOUYMYHOM

apTeEPUU C annonpoTesmpoBaHnEm

combined with SCTS, thrombectomy, and subclavian aneurysm resection with interposition grafting
¢ CLUIC, TpomB3KTOMMEN M3 ANCTaNbHOTO apTeEPUabHOMO PYCAa U pe3eKLmein aHeBpM3Mbl MOAKAOYNYHOM

apTepumn C aHaCTOMO3OM KOHel, B KoHel,

combined with SCTS, thrombectomy, and subclavian aneurysm resection with end-to-end anastomosis

¢ CLUIC, Tpom63aKTOMUEN 13 ANUCTaNbHOIO apTEPUAIbHOTO Pycaa U NOAKNIOUYUYHO-NIEYEBbIM WYHTUPOBAHMEM* *

140 100.0
68 48.6
8 5.7
1 0.7
1 0.7
1 0.7

combined with SCTS, thrombectomy, and subclavian-brachial bypass**

Mpumeyanus: * —y 2 60bHbIX HanoKeHa AB-GUCTyna Mexay NaedYeBoi apTepueit U BeHow; ** — paccedeHme CyxoKuabHOM YacTy MaNoi rpyAHON MbilLbl
Notes: * —in 2 patients, an arteriovenous (AV) fistula was created between the brachial artery and vein; ** — this case included the release (tenotomy) of the pectoralis

minor muscle tendon

Tabauya 6 Budbi 8bin01HEeHHbIX onepayull y 6osbHeix ¢ PLLIP (n=67)

Table 6 Surgical interventions in patients with RCR (n=67)

BbICOKan CKaNeHOTOMMSA, HEBPOJ/IU3, apTEPUONN3 U Pe3eKLMA pyarmMmeHTapHoro pebpa*

Superior scalenectomy with neurolysis, arteriolysis, and RCR resection*

BbicOKas cKkafieHOTOMUsA, HEBPO/IM3, apPTEPUONNS, PE3EKLUA pyAUMeHTapHoro pebpa B couetaHum c CLUIC

Superior scalenectomy with neurolysis, arteriolysis, and RCR resection combined with SCTS

Bcero
Total

Npumeyatue: * —y 5 60/1bHbIX onepauus Bbiaa ¢ 4BYX CTOPOH
Note: * —includes 5 patients who underwent bilateral surgery

37 55.2
30 44.8
67 100.0
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Tabnuya 7 TeyeHue UHMPQ- U NOC/IEONEPALUOHHO20 hepuodd 8
3asucumocmu om gpopmsi CIB

KKC/CCS 270 92.5 [83.7; 108.7]
[OLLP/ASR 140 87.5[80.5; 95.0]
PLUP/RSR 67 85.0 [77.5; 97.5]
CC/ss 26 60.0 [55.0; 65.0]
CMIM/PMS 18 65.0 [60.0; 80.0]
Bcero/Total 521 80.0 [65.0; 90.0]

CneaytoLym 3Tanom onepauum ABAAAUCL MOBUAM3ALMA U TILa-
Te/IbHbI HEBPO/IN3 BCEX TPEX MEPBUYHbLIX CTBOIOB N/1IEYEBOrO Cr/le-
TEHMA, KOTOPble PaCcMoNOXKeHbl 6IM3KO K WeiiHoMy pebpy ¢ pasHbIX
CTOPOH. MoaKYMYHAA apTepya OTBOAMNACL HABEPX U, TEM CaMbIM,
ocBoboxganacb ot pebpa. B nocnegytowem mobunusosbiBancs
NPOKCMManbHbIA CermeHT pebpa M peseumposanca. [anee nposo-
Aunacb ero mobuamnsauma 40 MecTa CpaleHus ¢ nepebiMm pebpom.
Mocne ocBOBOXKAEHMA MPOCTPAHCTBA MEXKAY f06aBOYHBIM M NepPBbIM
pEbpamm, c NoOMOLLbI0 PEBEPHBIX KyCauyeK, aHOMaslbHoe pebpo oTae-
NAN0Cb OT NepBoro pebpa 1 yaananock.

B cnyyae, Korga umen mecto CP, cneaytowmm Tanom BbiNoAHS-
nacb CLUTC no sbllweonucaHHOW Hamu metoauke. MogobHas onepa-
uma Bbina BbiNnosHeHa 57 6onbHbIM ¢ CP, a Takke B 11 cnyyasx npu
APYrUX apTepuanbHblX OCTOKHEHUSAX.

B 1abn. 5 npuBeaeHbI onepauymm, BbinonHeHHbIX npy AP y Bcex
140 60nbHbIX.

PLLIP umeno mecto y 67 HabntoaasLumxca 601bHbIX. B Hawel k-
HUKe 6bln pa3paboTaH 1 NpeaNoXkKeH CNocob XMPYPruyeckoro neyeHuns
PLLIP, KoTOpbIVi HanpaBneH Ha NpeaynpexAeHne NoBPEXAEeHUA nep-
BUYHbIX HEPBHbIX CTBO/IOB M/IEYEBOrO CM/IETEHWA OCTPLIMU €r0 KOHLA-
MW nocsie pesekuum (nateHT Pecny6auku TagskmkmctaH Ne TJ265).

Buabl BbINOJHEHHbIX Onepauuii B rpynne 6oabHbIx ¢ PLUP npeg-
CTaB/ieHbl B Taba. 6. B yacTHocTH, 55,2% (37) naumeHTam BbINOIHEHbI
TONBKO AEKOMMNPECCMOHHbIE BMELLATENbCTBA, @ OCTa/IbHbIM — AEKOM-
npeccMoHHble onepauun B codetanmm ¢ CLUIC.

CC Habnogancs y 26 NaLuMeHToB, y KOTOPbIX TaKKe UMEN MeCTO
KAMHMYecKkme npossaeHunsa CP. Bcem naumeHTam nog obwmm sHgoTpa-
Xea/lbHbIM HaPKO30M M3 HAAK/UYMYHOTO AOCTYNa Obian BbINOHEHDI
ckaneHotommA n CLUTC ¢ xopowummm HenocpeacTBEHHbIMU pe3y/bTa-
Tamu.

C CMI'M 6biam onepupoBaHbl 18 60/bHbIX. TaK Kak OCHOBHbIM
3NEeMeHTOM, CLABAMBAIOLMM COCYAUCTO-HEPBHbIN MyYOK ABAAIOTCA
TPUITEPHbIE TOYKM U3MEHEHHOM MasIoW FPYAHOM MbILLLbI, CYLLHOCTb

Tabauya7 /luHamuka nokazameneli Y3 do u nocae onepayuli
CLUC y 60onbHbIX ¢ 8MopuyHbIM CP (n=473)

BO Bpemsa onepauyuun

Table 7 Intra- and postoperative parameters across clinical forms
of TOS (n=521)

AnutenbHocTb
rocnuTanusauum, CyTku

Hospital stay, days
nocne onepauyuu

. X . Me [Q1; Q3]
|ntraoperat|ve postoperatlve

2.6(7) 5.6 (15) 8.5 [6.0; 10.7]

4.3 (6) 12.9 (18) 7.5[6.0;9.7]

0 10.5 (7) 7.5 [6.75; 8.7]

0 0 5.0 [4.75; 4.7]

0 0 5.0 [4.75; 5.7]

2.5(13) 7.7 (40) 6.0 [5.0; 8.0]

In recent years, the number of patients diagnosed with
various forms of shoulder girdle compression syndromes has in-
creased significantly in the Republic of Tajikistan [13], likely due
to improved diagnostics and clinical awareness. This trend mir-
rors international data [14, 15].

In this context, a ten-year study from the USA noted an in-
crease in patient volume from 1,568 to 3,740, with an average
of 2,524 decompression surgeries performed annually for various
forms of TOS. Of these, 96.7% were neurogenic, 2.8% were ve-
nous, and 0.5% were arterial. These surgeries were performed by
vascular surgeons (52.8%), thoracic surgeons (19.7%), neurosur-
geons (7.2%), and orthopedic surgeons (6.1%) [14].

CONCLUSION

The common feature across all TOS types was NVB compres-
sion, with secondary RP in 63.0% of cases. The high rate of satis-
factory long-term results — 91.9% for CCS, 100% for SS and PMS,
90.7% for ACR, and 83.6% for RCR — demonstrates the effective-
ness of our surgical strategies and tactical decisions.

Table 8 LBFV before and after SCTS in patients with secondary RP (n=473)

NICK, cm/c
LBFV, cm/s
A0 onepauun nocne onepauuun P
preoperative postoperative
Jlokresan 17.5+2.45 27.243.11 <0.05
Ulnar
Jlyuesan 15.842.13 22.3+2.43 <0.05
Radial
MazbLessle 9.742.15 14.3+1.22 <0.05
Digital
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onepaLmu ABAANACL B NEPECEYEHUN CYXOXKMUBbHOM YacTu 3TOM MblLL-
Libl, TEM CAMMM YCTPAHANACh KOMMPECCUS.

CpesHAA NPOAC/MKUTENbHOCTb OMNEPATUBHBIX BMELLATENbCTB U
HEKOTOpble UHTPA- U NOC/eoNepaLMOHHbIe NOKasaTenu npeacTasne-
Hbl B TabA. 7.

M3yyeHne pesynbTaToB NPOBEAEHHLIX OMEpauuii B TeyeHue
nepuoga rocnuTanvsauyMm nokasano, YTo HW B OAHOM C/y4yae fe-
TaNbHbIA UCXod, He bbin oTMedeH. OcNoKHeHUs B banxKaiem ne-
puoze Bblin YyCTPaHEHbI, M HAa KOHEYHble Pe3y/ibTaTbl He NOBAUAN.
FfemoanHammnyeckuin apdekt CLUIC y 6onbHbIX ¢ CP BCKOpe nocne
onepauuu 6bln 04EBMAHBIM, OTMEYACA MPUPOCT JIMHENHOMN CKO-
poctu KposoToka (/ICK) Ha Y3Al, B HECKONbKO pa3 MpeBbillatoLLel
MCXoAHble nokasaTenu. B Tabn. 8 npuseseHsl pesynbtathl Y3Ar fo
n nocne CLUIC.

Kak BuaHO 13 Tabn. 8, BO BCex MUcCCNeAyeEMbIX apTepUAX Ha-
61104aN0Cb CTaTUCTMUYECKM 3HAUYMMOE yBennuyeHue cpegHeit JICK
nocne onepauuun. Hambonee BbipaKeHHOE y/y4YlIEHUE OTMEYEHO
B IOKTEBOM apTepuu, rae NpupocT coctasua noytn 10 cm/cek. 3To
cBuAaeTenbCTByeT 06 yCTpaHeHMM TOTasIbHOTO Ba3ocmasma U yBe-
NNYeHWEe AMaMeTpa BCeX AWCTaNbHbIX apTepuil, YTo MpuUBeno K
YNYYLIEHWI0 reMOAMHAMMUKK. YBeIMYeHe KPOBOTOKA B Iy4EBOM U
NanbLEBOMN apTepusax TakKe noarsepxaaer 3GPeKTUBHOCTb BMe-
LaTenbeTBa.

MonoxuTenbHble pesynbTaTbl XMPYPruyecKoro eYeHus B oTaa-
NEHHOM Mepuroge Mo rpynnam BbIIIALENN CIeAyoLLMM 06pasom: npu
KKC -91,9%, CC—100%, CMI'M — 100%, ALLIP —90,7%, PLLP — 83,6%.

OBCYXXAEHUE

B HacToAwLee nccnenoBaHue bblin BKNKOYEHBI Te NATONOMMN, KO-
TOpble CYLLEeCTBYIOT CAMOCTOATENbHO U He ABAAKOTCA NOCNEACTBUAMMU
WK CONYTCTBYHOLWMMM NPOABAEHNAMM OCHOBHOO 3a60/1eBaHMA. ITuU-
MW NATONOrMAMM ABNAMCH IKCTPaBa3anbHble Komnpeccuun CHIy BbI-

XOZa U3 rPyAHON KNETKU UK, NO-ApYyromMy, NoayYMBLIEE Ha3BaHME B
NUTepaType «CUHAPOM rPYAHOrO Bbixoaa» [7, 9]. B aHrioA3bIYHOW in-
TepaType 3TU COCTOAHMUA 0603HavatoTcs TepmuHom “Thoracic Outlet
Syndrome” [11, 12]. CnopHbiM OCTaéTcA Bonmpoc o Bbibope cnocoba
NeyeHuns 60nbHbIX ¢ CMB. BonbHble ¢ CIB f0 06palleHms K cocyamcTo-
My XMPYPry HYacTo KOHCYNbTUPYIOTCA Y PA3NNYHbIX CreLManuncTos, no-
Ny4as Mano- unm HeaddeKTMBHOE NeyeHume.

B nocnepHwve rozbl B Haleid pecnybavke, BEPOATHO, MO NpUyu-
He YAYULEeHWA AMArHOCTUKM U MHPOPMMUPOBAHHOCTY Bpayelt pasHbix
CreLuanbHOCTEN KOIMYECTBO BblABAEMbIX H0bHbIX PasHbIMKU dop-
MaMm1 KOMMPECCUOHHbIX CUHAPOMOB M/1€4€BOr0 NOACA 3aMeTHO yBe-
nvumnocs [13], v 3Ta TEHAEHLVMA OTCNEKUBAETCA U MO JaHHbIM ApYruX
asTopos [14, 15].

B 3TOM KOHTEKCTe WHTepecHbIM ABAAETCA MUCCnegoBaHue, no
[JaHHbIM KOTOPOro B Mepuos AecATunetHero HabnogeHus B CLUA
OTMEYEHO yBe/IMYEHNE KONNYeCcTBO nauneHTos ¢ 1568 no 3740, n B
cpegHem exerofiHo BbINONHAKTCA 2524 neKoMnpeccMOoHHble onepa-
LMK no nosogy pasnn4Hbix ¢opm CIB. Mpu atom y 96,7% nauneHToB
Mmenacb HeBposornyeckas, y 2,8% — BeHosHas 1 B 0,5% Habnwoge-
HUAX — apTepuanbHaa popmbl CIB. Kak otmeuvatoT aBTopsl, B 52,8%
CNy4yaes onepaLmu 6blaK BbINOAHEHbI COCYAUCTbIMM, B 19,7% — Topa-
KaNbHbIMM XMpypramu, B 7,2% — Helpoxupypramu u 8 6,1% — optone-
Aamu [14].

3AKNIOYEHUE

O6wwmmmn yeptamm ana scex Buaos CIB agnanacb kKomnpeccua
CHI B pasnunyHbIx Bapuaumax ¢ codetaHnem B 63% cnyyaes ¢ BTOPUY-
Hbim CP. YnoBneTBopuTtenbHble pesynbtathl (npu KKC — 91,9%, CC —
100%, CMI'M — 100%, ALLUP —90,7% v PLUP — 83,6%) B OTAaNEHHbIX
CPOKax Hab/oaeHNA CBMAETENbCTBYIOT 00 3$dEKTUBHOCTU TaKTUYe-
CKUX PELLEHUIA U XUPYPIUYECKOTO IeYeHNS.
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