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The article presents a general description of the lymphatic system and detailed characteristics of the structure of the terminal thoracic duct (TD) and
lymphovenous junction (LVJ): their clinical and anatomical features, the role of LVJ in regulating lymph flow, and the separating two systems (circulatory
and lymphatic). The presented data expand the concept of the structural and functional characteristics of the left central LVJ, its valves, and TD, and
also provides information about the anatomical heterogeneity of the studied tissue complex. The morphological and functional characteristics of LV]
will help to better understand the logistics of the lymph flow and the mechanism of the LVJ valves' work.
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Beepgenune Introduction

Numdatnyeckas cuctrema (/IC) sBNAETCA 4acTbl COCYAMCTOMN The lymphatic system (LS) is a part of the vascular system
CUCTEMbl W OCYWecTBASET AONONHWTENbHbIA (MeAneHHbIR, 6esHa- and provides additional (slow, non-pressure) drainage of organs,
MOPHbIA) ApeHaX OpraHoBs, KONnaTepanbHblli Mo OTHOWEHWIO K BE-  cqjjateral to the veins [L]. Although the circulatory system has

Ham [1]. XoTa cucTema KpoBoOGpalWeHna nsyyera wupoko, 1C nony- been extensively studied, the LS has received much less scientif-

4ynna ropasfo MeHblle Hay4YHOro U MeAMLMUHCKOTO BHUMaHUs{ uU3-3a : } . - "
pasa y Any ic and medical attention due to its "obscured” morphology and

e€é «HeynoBuMoOii» MOP(HONOrMN U TaMHCTBEHHON naTtodusvonornu . ) ) )
«Hey ” P ® mysterious pathophysiology [2]. The lymphovenous junction (LVJ)

[2]. TumpoBeHO3HOe coeanHeHune (/IBC), sBnseTca 4acTbi TPYyAHO- . . . . . .
. is part of the thoracic duct (TD), which is considered the main
ro numatnyeckoro npotoka (F/IM), KOTOpbIA cuyuTaeTcs rnaBHbIM ) )

. transporting vessel of the lymphatic system. The morphology of
TPaHCMOPTHLIM COCYAOM Numdatnyeckoir cuctembl. CTtpoenue J1BC

the LVJ is variable, depending on the structure and position of the
M3MEHYMBO, 3aBUCUT OT CTPOEHUS W NMONOXEHNSA KOHEYHOro oTpeska

NMMGaTUYECKOTO KONNEKTOPa, ero TepMUHANLHOTO KnanaHa, BeHo3- final segment of the Ilymphatic collector, its terminal valve, and

HbIX KNanmaHOB, MeXaHW3M paboThl KOTOPbLIX ABAAETCA YHUKaNbHbIM venous valves, the working mechanism of which is unique and
M ManousyyeHHbIM. MpeablAyljMe ONUCAHMA 3TUX KNanaHOB 4acTo poorly understood. Previous descriptions of these valves often
npotmBopeyart Apyr 4pYyry, a ux ToyHas gopma 1M PyHKLMA y YyenoBeka contradict each other, and their precise structure and function in

ocTalTca HescHbIMK [3]. humans remain unclear [3].
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MHTepec K 3TOMY COeJMHEHMIO BO3pacTaeT N0 Mepe 0CO3HaHMUA
ero ponn B OTTOKe W perynauuu notoka nuM@sbl, a Takxe npu 3abone-
BaHNAX Pas3/finyHbIX OPraHoB 1 cucTeM. Takum 06pa3om, HeCMOTPA Ha
KonoccanbHoe 3HavyeHue JIBC B opraHuame, ero ponb u QyHKUUSA A0
CMX NOpP OCTalTCA A0 KOHLA HEACHbIMMW. OTBeTbl Ha flaHHble BONPOCHI
MOTYT HOCUTb Kak GyHAaMeHTaNnbHbl, TaK U NpuUKNagHoOW xapaktep
ANs aHaTOMUK.

B cBA3W C 3TUM, aKTyaNbHO M3yyeHWe PYHKLMOHANbHbIX Xapak-
TEPUCTUK CTPOEHUA NeBOro ueHTpanbHoro JIBC n onpepgeneHune ero
ponu B noructuke numadsbl. flaHHoe coycTbe MMeeT, AeCTBUTENbHO,
MUCKMIOYNTENbHOE 3HaYeHWUe, TaK Kak 1MmMmda 1 KpOBb, Kak pasHOBU/A-
HOCTU XWAKOW COefMHUTENbHON TKaHW B MONOCTAX COCYyAOB, 06be-
OVHAT TKAaHEeBble XXNKOCTU BCeX OPraHoOB B WX TKAHEBbIX KaHanax B

€[UHYI0 LUMPKYNALUOHHY CUCTEMY OpraHu3ma (rymopasnbHas CBf3b).

NN n ero ponb BAUM®aTUYeCcKoll cucreme

NC coctouT M3 ceTell NUMGaTUYeCKNUX Kanunnsapos; BHYTPUOp-
raHHbIX TMMGaTUyecKnx cocynoB, OTBOAAWMNX NUMEBY U3 numMdaTnye-
CKUX Kanunnspos; BHeEOPraHHbIX AMM{aTMyecKux cocynos, OTBOASA-
Wux N"UM@y 3 nMM@patM4eckux cCocyfoB OpPraHoB B AMMpaTnyeckme
y3nbl 1 60Miee KPYNHbIX TUMpATUYECKNUX COCY0B, OTBOAAWMUX UMDY
M3 nuMpoy3noB B nuM@aTtmyeckne cTBONbl (NpaBble U NeBble APEM-
Hble, NOAKNOUYNYHbIE, 6POHXOCPENOCTEHHbIE, MOACHUYHbIE) U, fanee,
BAMM{aTMyeckne NpoToOKMW, ClieBa 1 cnpasa Bnajatllne B BEHbl Len
B 061acTv N1eBOro U Npasoro BeHo3Horo yrna Muporosa [4, 5].

TN aBnseTca KpynHelwwum cocyaom numMdpaTtnyeckoir cucre-
Mbl. OH OTBOAMT 6ONbLWY YacTb AMM@Pbl Tena o6paTHO B KpoBe-
HOCHble cocyabl yepe3 JIBC. O6bIYHO yCTbe MNpoTOKa OTKpbliBaeTcs
B /1eBblii BEHO3HbI/i Yron WA B KOHEUHbIi 0TAen o6pasyllux ero
BeH [6]. lumda, Bnajaowas B KpynHble BEeHbl, COCTaBNAAET MeHee
0,05% BeHO3HOro BO3BpaTa. ATOT ropa3fo 60nee MeANEHHbI TpaHC-
nopT AUM®bl, NPUMepHO 8-12 N B feHb, NONOBUHA 06bLEMA KOTOpOI
BO3BpalyaeTcs B 60NbWOM KPYr KpOBOOGpALLEHNA Yepe3 NuMdaTuye-
CKWUe y3/bl, a Apyrasa nosoBWHa - Yepe3 KPYMnHble BeHbl, 1 3TO 3acTaB-
NnAeT cMCTeMY BbICTynaTb B KauecTBe AOMOSHUTENbHOrO pesepsByapa
ANs XupkocTell, o6pasytowmnxca 3a CYET puabTpayum nnasmel yepes
CTEHKM MUKPOCOCY[ 0B U UHTEPCTULMANbHOE NPOCTPaHCTBO [7]. lum-
tha cofepxunT 6enok, nuuesbie NUNUAbLI, MeTaboNnTbl, 3NEKTPOMNTHI,
BUTAMMUHbI, UMMYHOTNOBYNNHBI U TUMOOLUTHI.

B yctbe Tl MMeeTcs napHbIii knanaH, 06pa3oBaHHbIi BHYTpPeH-
Hell ero 060M104KOI, Takue ABycTBOpYaTble KnanaHbl pacnonarawTcs
Baonb npocseta /1M M, N0 pa3HbIM WCTOYHMKAM, HACUYUTLIBAKOT OT
7 po 14 n npenATCTBYIOT 06paTHOMY TOKY Numdbl M 3abpacbiBaHUt0
KPOBWU M3 BeHbl. MpeAbigyline onnucaHna 3Toro KnanaHa 4acto npo-
TMBOpeYarT APYr APYyry, a ero ToyHas gopma ¥ GYyHKLMA y YyenosBeka
ocTalTca HeACHbIMK [8].

Mepepn BnageHunem B BeHbl [N M Apyrne KONMEKTOPbl 4acTo
06pasylT «4enbTy», T.e. pa3BeTBNATCA Ha 60nee Menkue cocypbl.
dopma «fenbTbl» U agnameTp o6pasylolnx eé cocyqoB MMeT 3Haue-
HUe Npu LpeHNpoBaHWN NPOTOKa, KOTOPOEe NPUMEHAETCA B KINHUKe
npu TAXEnblX 3a6o0neBaHnAX, 0Xorax, OTpaBNeHWAX, 0COBEHHO npu
peaHumMauny 60nbHbIX. MpyU 3TOM, HacblljeHHas TOKCUYECKUMU Be-
wecteamMu numda u3 weiiHoit vyactu 1M BbIBOAUTCA W3 OpraHu3ma,
ounwaetcs (nogsepraerca numdocop6bLUMN) 1 3aTeM BO3BpalyaeTcs B

O0fHY N3 NOBEPXHOCTHbIX BEH.

AHaTommnyeckas
otaena NN wn NBC
MaTTepH BeTBNEHWSA TepMUHanbHOro otgena [N (TOTNMN) un

reTeporeHHOCTb TepMUHaANbHOTO

pacnonoxeHue ero snageHus (JIBC) B neBblii BEHO3HbIA Yyron cunbHO

BapbupytoT. TN 06bIYHO BNajaeT BO BHYTPEHHIO SAPEMHYI0 BEHY,
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A deeper understanding of its role in the outflow and regu-
lation of lymph flow, as well as in diseases of various organs and
systems, increases interest in the LVJ]. Thus, despite the high im-
portance of LVJ in the body, its role is still not completely clear.
The answers to these questions will be beneficial to both funda-
mental and applied anatomy.

In this regard, it is important to study the functional char-
acteristics of the left central LVJ structure and determine its role
in lymph flow logistics. This junction is, indeed, of exceptional
importance, since lymph and blood, as types of liquid connective
tissue in the vascular lumen, combine the tissue fluids of all or-
gans in their tissue channels into a single circulatory system of
the body.

TD and its role in the LS

The LS consists of networks of lymphatic capillaries, intra-or-
gan lymphatic vessels that drain lymph from the lymphatic capil-
laries, extra-organ lymphatic vessels that collect lymph from the
intra-organ lymphatic vessels and deliver it to the lymph nodes,
and larger lymphatic vessels draining lymph from the lymph
nodes to the lymphatic trunks (right and left jugular, subclavian,
bronchomediastinal, lumbar) and, further, into the Ilymphatic
ducts, entering the left and right veins of the neck in the region of
the left and right Pirogov's venous angle [4, 5].

The TD is the largest vessel of the lymphatic system. It di-
verts most of the body's lymph back to the blood vessels via the
LVJ. Usually, the ostium of the duct opens into the left venous an-
gle or into the final segment of the veins forming it [6]. Lymph
flowing into large veins accounts for less than 0.05% of venous
return. This lymph flow is much slower, approximately 8-12 li-
ters per day, half of which is returned to the systemic circulation
through the lymph nodes and the other half - through the large
veins, and this causes the system to act as an additional reservoir
for fluids formed due to plasma filtration through the walls of mi-
crovessels and the interstitial space [7]. Lymph contains protein,
dietary lipids, metabolites, electrolytes, vitamins, immunoglobu-
lins, and lymphocytes.

At the TD ostium, there is a paired valve formed by its inner
layer; such bicuspid valves are located along the lumen of the TD
and, according to various sources, their number varies from 7 to
14, and they prevent the reverse flow of lymph and regurgitation
of blood from the vein. Previous descriptions of this valve often
contradicted each other, and its precise form and function in hu-
mans remain unclear [8].

Before joining the veins, the TD and other collectors often
form a "delta", i.e. branch into smaller vessels. The shape of the
"delta" and the diameter of the vessels forming it are important
for the drainage of the duct, which is used in the treatment of
serious illnesses, burns, and poisoning, especially in the resuscita-
tion of patients. During this procedure lymph saturated with toxic
substances from the cervical part of the TD is removed from the
body, undergoes purification (through lymphosorption) and then

returned to one of the superficial veins.

Anatomical heterogeneity of the terminal TD and LVJ
The branching pattern of the terminal part of the TD (TPTD)
and the location of its confluence (LVJ) into the left venous angle
are very variable. The TD usually drains into the internal jugular
vein, subclavian vein, or directly into the venous angle. TD can



MaHues LLIX ¢ coaBT. 0CO6EHHOCTU NTMM{OBEHO3HOTO COYCThS

NOAKMOYNYHYIO BEHY WM HenocpeACTBEHHO B BEHO3HbIW yron. [N
MOXeT CylecTBOBaTb Kak OAWH COCYA, Torga OAMHOYHbLIA Tun TO-
[NMN ocTaétca efUHBIM Ha BCEM NyTU NpoOJieraHnsa oT yPOBHA BXoja B
rpyaHyto knetky u go JIBC. Takxe /M MOXeT MMeTb HECKO/IbKO Tep-
MWHaNbHbIX BeTBel, COCTOAWMX M3 ABYX WAW Gonee NpPOTOKOB, CXO-
OAWMNXCA UAN pacxoAAWMXcs B N06ON ToYKe, YTO onpepensieTcs Kak
MHOXeCTBEeHHbI Tn TOTJIM, KaxAblii TUN NpU 3TOM UMeeT COGCTBEH-
HOoe coobuieHne ¢ BeHaMmu. TepMUHanbHOe pacwmupeHne (amnyna, Mme-
Wwoyek, amnynapHoe pacwupeHue) MM Takxe yacto onuceiBaetca [9],
N MOXET npucytctBoBaTb y 40% noaeii. B HeKOTOPbIX UCCNef0BaHUAX
coobuwaeTtcs, 4yto MM 3aKkaHuYnBaeTcs BAUMPATUYECKOM MeLIKe.

Y nwopeit puametp TOT/IN kone6netcs oT 2 4o 5 mm [10]. Mpu
HaMynum HecKoNbKUX NpoTokoB B TOTM/M anameTp Kone6netcs of
0.5 4O 3 MM Ha KaXAblii NPOTOK. ITOT AMaMeTp YBeNWYMBAETCH C
BO3pacToM npumMepHo Ha 0,02 MM 3a rof Xu3Hu [11], xoTa CBA3b
MexAay Bo3pacTom u gnameTtpom ocnapusaetcsa [10]. [/IN koco npo-
HWKaeT B BEHO3HYI0 CTEHKY U Cy)XaeTcs, OTKPbIBasACb B NPOCBET Npu-
HUMat W el BEHbI.

B TOT/IN pasnuyatoT fBa Tuna KnanaHoB: OAWH ANUHHbIA ABY-
CTBOPYATbI «NOCKYTYaTbI» ycTbeBOW KnanaH, PacnonoXeHHbIli B
MecTe OTKpbITUA JIBC, N HECKONIbKO 60/1ee KOPOTKUX [BYCTBOPYATHIX
NONYNYHHBIX KNanaHoB, PacnofioXXeHHbIX NnpokcumanbHee TOM/N ne-
pepn /IBC. YcTbeBOW knanaH cOCTOMT U3 ABYX NOCKYTHbIX CTBOPOK. 3Tn
CTBOPKM OObIYHO PacMnosOXeHbl KOCO MO OTHOLWEHMWIO K TEPMUHANb-
HoMYy npocseTy /I 1n3-3a Kocoro npukpenneHuns MM K CTeHKe BeHbl,
pacnonaras ofjHy U3 CTBOPOK aHaTOMWUYECKMN Bbllle APYroii.

Y yenoseka nepBblii ABYCTBOPYATbIVi NONYNYHHbIN KnanaH 4acTto
pacnonaraetca B npegenax 10 mm ot ycTba knanaHa B TOTJ/IM. Mpok-
CMMaNnbHee 3TOr0 C NepeMeHHbIMW WHTepBanamun 2,5-12 Mm Habnto-
[al0TCA HECKONbKO APYIMX [BYCTBOPYATbIX MONYNYHHbIX KnanaHoOB.
CTBOPKMW [BYCTBOPYATbIX MONY/NYHHbIX KNanaHOB BbIXOAAT B MPOCBeT
[NN, npefoTBpalyas peTporpagHblii KPOBOTOK. MONYNYHHbIE KNanaHbl
BapnabenbHo pacnpegeneHbl no xody MM ¢ HanbonbW UM UX KONMYe-
CTBOM B WeWHOM oTAaene. 3TN knanaHbl 06bIYHO ABYCTBOPYaTbIE (puUC.
1, 2A, 2B), X0TA MHOrga MOryT popmMmmupoBaTbca TpEX- U OAHOCTBOpPYA-
Tble knanaHbl (puc. 2C, 2D). NMonoxeHne knanaHa CBA3aHO C yyacTka-
MW NOBbLIWEHHOTO fAaBNieHns 13-3a CAABMEHUA COCEAHUMU CTPYKTY-
pamMmu cpefocTeHUs, Hanpumep, TaMm, rge [/IM nepecekaeTcs aopToi
nnuwesogom [12].

Mo HeKoTOpbIM AaHHbIM 3apy6exHbiX uccnepoBatenei 6bino
BbISIB/IEHO, YTO MCCNef0BaHMA TPYNoB NOKasblBalOT 4acToTy o6Hapy-
xeHua NIBC o1 74% no 100%. Mpu atom, 1Ucnonb3ys yNnbTpasByKoBoe
ncenepgosaHune in vivo [10], MOXHO 6bln0 BM3yanusauposatb TOT/IN
B 96% cnyyaes, HO KnanaHbl, Pacno/iOXeHHble HEenocpenCcTBEHHO B
NBC, 66111 BUAHBI TONbKO Yy 40% y4acTHWKOB uccnegosaHusa (n =585)
[13].

Takum o6pasom, NBC v TOT/IN cHa6XeHbl YHUKaNbHbIM Mexa-
HU3MOM KnanaHHOW cUCTeMbl, KOTOPbI cnoco6eH perynmpoBaTh TOK
AMmdel M NpegoTBpaliaTe 3ab6poc KpoBW B NMM@atuyecknii konnek-
Top. HecmoTpsa Ha 370, NO A0 KOHLA HEBLIACHEHHbIM MPUYMHAM, B
page cnydvaes, knanaHol B TOT/IN 1 /IBC MoryT v BoBCe OTCYTCTBOBATh,

4TO rOBOPUT 06 AHATOMMUYECKOI FeTEPOreHHOCTM AaHHOTO KOMMAeKca.

Puc. 1 MakponpenapaT knanaHaJIBC (co6CcTBeHHble faHHble, hoTorpa-
thns 06bvekTMBOM 50 mm, F 1.8). Mpumep acuMmMe T PUYHOro ABYCTBOpYa-
TOro nNonynyHHoro knanaHa. CBo60AHbIe Kpas CTBOPOK knanaHa cnusa-

nucb ¢ 06enx cTOpoH, 06pasya ABa KOHTpdopca (YEpHble CT Penkn)

Fig. 1 Gross specimen of the ostial valve (own data, photograph with a 50
mm lens, F 1.8). An example ofan asymmetric bicuspid semilunar valve. The
free edges of the valve flaps merged on both sides, forming two abutments

(black arrows)
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éxist as a single duct, in this case, a single type of TPTD persists
along the entire path from the level of the thoracic outlet to the
lvi. TD may also have several terminal branches, consisting of
two or more ducts, converging or diverging at any point, which
is defined as a multiple type of TPTD, while each branch has its
bwn communication with the veins. Terminal dilatation (ampulla,
l)ouch, ampullary dilatation) of TD is also often described [9], and
Inay be present in 40% of people. Some studies report that TD
énds up in the lymph sac.

In humans, the diameter of TPTD ranges from 2 to 5 mm
[10]. In the presence of several ducts in TPTD, the diameter rang-
£s from 0.5 to 3 mm for each duct. This diameter increases with
age by about 0.02 mm per year of life [11], although the relation-
ship between age and diameter is disputed [10]. TD obliquely
penetrates the venous wall and narrows, opening into the lumen
of the receiving vein.

Two types of valves are distinguished in TPTD: one long bi-
cuspid "patchy" ostial valve located at the opening of the LVJ, and
several shorter bicuspid semilunar valves located proximal to the
TPTD before the LVJ. The ostial valve consists of two patchy cusps.
These cusps are usually located obliquely with respect to the ter-
minal lumen of the TD due to the oblique attachment of the TD to
the vein wall, placing one of the cusps anatomically higher than
the other.

In humans, the first bicuspid semilunar valve is often locat-
?Ld within 10 mm of the orifice of the valve in the TPTD. Proxi-
Tal to it, several other bicuspid semilunar valves are observed
at variable intervals of 2.5-12 mm. The leaflets of the bicuspid
§emi|unar valves protrude into the lumen of the TD, preventing
retrograde blood flow. The semilunar valves are variably distrib-
yted along the TD, with the largest number in the cervical region.
These valves are usually bicuspid (Figures 1, 2A, 2B), although
tricuspid and unicuspid valves can occasionally be seen (Figures
2C, 2D). The position of the valve is associated with areas of in-
ereased pressure due to compression by adjacent structures of
the mediastinum, for example, where the TD is crossed by the
aorta and esophagus [12].

According to some data, the frequency of detection of LVJ in
the cadavers varies from 74% to 100%. At the same time, using in
Yivo ultrasound [10], it was possible to visualize TPTD in 96% of
sases, but the valves located directly in the LVJ were visible only
in 40% of study participants (n=585) [13].
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Ocob6eHHOCTH Tornnm w
nBC

CteHka /1M cOCTOMT M3 TPEX XOPOLI O Pa3BUTbLIX CIOEB: WHTUMBI,

TNCTONOINYEeCKOro cTpoeHusd

MeAUN W afBEHTULUMN. B TepMuUHanbHoi o6nactm 1N nmeeT TOHKYIO
NHTUMY, 06pa3oBaHHYl 3HAOTeNManbHbIMU KAeTKaMu, W TOHKWI
cy6aHpoTennanbHblii cnoit. Cy63aHAoOTeNnnanbHblii cnoii cocTouT wu3
KoMMnnekca MNPOAONIbHO M KOCO PacnosOXEeHHbIX NafKoMbllleYHblX
KNeToK N CoefMHUTENbHOWR TKaHW. MPUCYTCTBYIOT NaMUHWUH, Gubpo-
HEKTWH u konnareH | u Il TMNnoB. B oTAn4ymne oT octanbHO vactu MM,
TepMUHanbHas ero YacTb NUWeEHa BHYTPEHHEN 31aCTUYHOW NNacTuH-
K. CpeAHuii cnoit coAepXMUT HECKONbKO KOMMaKTHbIX KOMbLEeBblIX
rnajKOMbl W EYHbIX BOJIOKOH, 3/1aCTUHECKNX BOJIOKOH W KOJINIareHOBbIX
BONOKOH Tuna | n lll. ARBeHTMUNA MMeeT HanbONbLIYIO TONWNHY CTEH-
ku TN 1 BKNOYaeT COeAUHUTENbHOTKAHHbI KOMNAEKC NaMUHUHA U
KkonnareHa Tuna I v lll. TonwmMHa CTEHKN y MONOAbIX t0Aell cocTaBnaeT
npuMepHo 0,45 MM, ymeHbLWaacb NPUMeEPHO Ha 20% y NOXUNbIX 10 -
feii c noTepeii npenmyLecTBEHHO rNaAKoi Myckynatypsl.

Mo gaHHbIM 3apy6eXxHbiXx uccnepoBateneil 6bi10 Takxke onpe-
feneHo, uto JIBC umeeT 60/1€e TOHKYIO MHTUMY, COCTOAL YO M3 TOH-
KOro aHpoTennsa u 6onee ToncToro cybanpgortenuanbHoro cnosa [14].
JHAO0TeNnA 4YETKO BblfenseTcs Npu okpawueaHuu, a cybanpoTenun-
aNnbHbIi CNOW xapakTepu3yeTca HaNW4YMeM FNafgKOMbIleYHbIX KNETOK,
3/1aCTUYECKMUX MU KONNareHoBbIX BOOKOH. JIBC coiepXUT BHYTPEHHIO 0
3/1aCTUYECKY NNACTUHKY, B OT/IMYME OT TEPMUHANbHOW cTeHku [N,
obpasylolyo TOHKY ceTKoo6pasHyt CTpyKTypy. Kpome TOoro, nna-
CTUHKY OKpYyXaloT jBa-TpX €108 NPOLOSIbHO PACMONOXEHHbIX rnajKo-
MbllIEYHbIX KNeTOK. B Meann o6Hapy>XXMBalTCH TOHKME MbllleYHble
BOJIOKHa, o6pasylolune ny4ykn, pacnosoXeHHble MPOAO0NbHO, HEKO-
TOpble U3 KOTOPbIX OPUEHTUPOBaHbI B APYIUX HanpaBieHMAaX. B atom
cnoe obHapyxmuBalTCA pefkas coeUHNTebHAA TKaHb (BKOYasa Kon-
nareH | n lll TMNOB) u anacTuyeckne BONOKHA. CNON rNafgKUx Mblley-
HbIX BOJIOKOH CTeHKWU [Tl pacnpocTpaHseTcs Ha OCHOBAHWA CTBOPOK
YyCTbeBbIX KNanaHoB, HO He Ha camun cTBOpKM [15].

Puc. 3 MukpocoTorpapua 1BC (TpuxpoMHoe okpalwinBaHue no Mac-
COHY, MaclTabHas nuHelika - 200 mkm). /1M (TD) cnuBaeTca ¢ BEHOM
(V) no kacaTenbHoli. KnanaH B JIBC nmeeTcsa (cTpenkun). KonnareH
OKpalnBaeT CA B CUHWIA LUBET, rNafKOMbILIEYHbIe KNeTKM (M 3puT po-
UMTbI) - B KpacHblii uBeT [8]

Fig. 3 Micrograph of LVJ (Masson's trichrome staining, scale bar - 200
um). TD tangentially merges with the vein (V). There is a valve in the LV]
(arrows). Collagen stains blue, smooth muscle cells (and erythrocytes)
stain red [8]
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Puc. 2 MukKpoKoMnbloTepHas ToMmorpadus knanaHHbiXx u 6Geckna-
naHHbIX 1IBC (MacwTabHas nuHelika A, B- 1 mm; C, D- 0,7 mm). A
- ABYCTBOPYATbI NONYNYHHbIN KnanaH (cTpenkun); B- 06bEMHas Bu-
3yanusauus paspesa A; C- 6ecknanaHHblii 1BC (cTpenka); D- 06bEM-
Has Bu3yanusauus paspesa C; V- BeHO3HbI npocseT; TD - rpygHoii
npoToK [8]

Fig. 2 Microcomputed tomography of valvular and valveless LVJ (scale
barA, B-1 mm; C, D- 0.7 mm). A - bicuspid semilunar valve (arrows);
B - volumetric visualization of section A; C - valveless LVJ (arrow); D -
volumetric visualization ofsection C; V- venous lumen; TD - thoracic
duct [8]

Thus, LVJ and TPTD are equipped with a unique mechanism
of the valvular system, which is able to regulate the lymph flow
and prevent blood from regurgitation into the lymphatic collec-
tor. Despite this, for completely unclear reasons, in some cases,
valves in TPTD and LV) may be completely absent, which indicates
the anatomical heterogeneity of this complex.

Histological structure of TPTD and LVJ

The TD wall consists of three well-developed layers: intima,
media, and adventitia. In the terminal region, the TD has a thin
intima formed by endothelial cells and a thin subendothelial lay-
er. The subendothelial layer consists of a complex of longitudinal-
ly and obliquely arranged smooth muscle cells and connective tis-
sue. Laminin, fibronectin, and collagen types | and Il are present
in it. Unlike the rest of the TD, its terminal part is devoid of an
internal elastic lamina. The middle layer contains several compact
circular smooth muscle fibers, elastic fibers, and type land Il col-
lagen fibers. Adventitia is the thickest layer of the TD and includes
a connective tissue complex of laminin, and collagen type | and
Ill. The wall thickness in young people is approximately 0.45 mm,
decreasing by about 20% in older people with predominantly
smooth muscle cell loss.

It was also determined that the LV] has a thinner intima,
consisting of a thin endothelium and a thicker subendothelial
layer [14]. The endothelium is clearly distinguished by staining,
and the subendothelial layer is characterized by the presence of
smooth muscle cells, elastic, and collagenous fibers. LVJ contains
an internal elastic lamina, which forms a thin mesh-like structure
in contrast to the TPTD. In addition, the elastic lamina is sur-
rounded by two or three layers of longitudinally arranged smooth
muscle cells. In the media, thin muscle fibers are found, forming
bundles arranged longitudinally, some of which run in different
directions. This layer contains loose connective tissue (including
type
muscle fibers of the TD wall extends to the bases of the cusps of

I and Il collagen) and elastic fibers. The layer of smooth
the ostial valves, but not to the cusps themselves [15].

Thus, the histological structure of the LVJ is a unique combi-
nation of muscle, connective tissue and elastic fibers (Fig. 3). The
coordinated contraction of the muscle bundles and the muscle
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Takum o6pas3om, ructonornyeckoe ctpoeHue N1IBC npepcrasnset
c060li YyHMKanbHOe coYyeTaHMe MbIWEYHOWR, COEANHUTENBHON TKaHEN
M 3nacTuyeckux BONOKOH (puc. 3). KOOpAMHMpPOBaHHOE cOoKpaleHne
MbILWEYHbIX MYYKOB U MbIWEYHOTO CHUHKTEPA CMOCOBCTBYET YKOPO-
UEHUI0 W CYXEHUI YCTbEBOTO OTpe3Ka NMMEHaTUYECKOro KONMeKTopa,

perynupys ToK numabl.

dyHKUuMOHUpPpOBaHue JIBC

MexaHu3M GyHKUMOHUpOBaHMUA JIBC no ceii feHb sBnsetcs
Ma/iou3y4yeHHbIM. PAaj aBTOPOB YyTBepX/JaeT, YTO HEeCKONbKO (akTo-
pos onpepensaT gasnenne B TOT/IM. Mpoaykuna n 06LEM NUMObI
B [/IN ABNAOTCA BaXHbIMW feTepMUHaHTaMu fasneHusa B TOTM.
Mpn NOBbIWEHUN NPOAYKUUM NUMPbl M yBennyeHun obwvéma MM y
cobak Habnwoganocb noBbiweHne gasneHus B TOMM [16]. 310 Tak-
Xe Habnwpganocb B pYyrux mccnefobaHmax Ha cobakax ¢ MCNONb30-
BaHMEM MONOXWUTENbHOTO AaBNeHWA B KOHLie BblfoXa W C Harpy3Koi
XUAKOCTbIO. 3TN NCCNeA0BaHUA NOKa3aaun, YTo NOBbIWEHNE AaBeHNs
B TOT/IM sABNAOTCA pe3ynbTaTOM MNOBbIWEHHOW NPoAYKLUU UMbl ©
yBenunyeHns eé obbema, YTO M ABNAETCA ABMXKYL el cmnoil numdoTo-
ka B NN [17, 18].

NasneHne B TOI/IM TakXe 3aBUCWUT OT NepejaBaeMblX Nynbca-
unii aoptel. Mpu n3mepeHun pgasneHus B TOT/IM y nogeit n cobak
Habnogannce He6onbwmne KonebaHna B 2 MM Hg, Koppenupyloline ¢
4yacToTOW cepheyHblX cokpalweHunii [19, 20]. PerynspHas komnpeccus
FNMN cocefHel aopToii cnoco6CTBYEeT aHTerpagHoOMy TOKY nTuMdbl npu
HanMumu ABycTBOpYaThiX knanaHos [20].

Hab6nofeHnsa 3a N0AbMU VOXXUBOTHBIMU BbIABUIN LMKINYECKNE
N3MEeHEeHNa TepMUHanbHOro fgasnexduns s JIBC, KoTtopble KOppenupyTt
CAbIXaTeNbHbIM LUKNOM. B nepnofbl anHo3 LMKINYECKNE N3MEHEHUA
pasnenuna BTOT/IN nN1BC, HabnogaeMble Npy AblXaHWKW, yTpaymBawT-
ca [19]. UccnepoBaHns Ha cobakax nokasbiBatT, uto TOMIMN nogpep-
XWBaeT rpajMeHT AaBfeHUs, NpU KOTOPOM AaBreHWe B HEM Bbllle,
4eM B NpUHMWMaloleli BeHe, BTeYeHNe BCEro BpEMEHN HOPManbHOTO
CMNOKOWHOTO AblXaHNA. BennynHa atoro rpajueHTta cHuxaeTcs Bo Bpe-
Mf BAOXa W fOCTUraeT Nuka BO BpemMsa Bbigoxa. [pagnmeHT konebnetcs
0T 240 8 MM Hg Ha NpPOTAXeHWN BCEro AbixaTenbHOro uukna [19].

BblNno 06HApPYXeHOo, YTO HanpsXXeHWe BEHO3HOW CTEHKW SBNS-
eTCl OCHOBHbIM (DAaKTOPOM, ONpefeNfAll M OTKPbITUE U 3aKpbiTue
ycTbeB KknanaHa y TPYMHbIX 06pa3uoB. YCTbeBOW KnanaH YHWKaneH
TeM, 4YTO ero MNPOXOAMMOCTb 3aBUCUT OT HaNpsXXeHWs BEHO3HOWA
cTeHkM. Korga cTeHKa BeHbl Haxo4MUTCA NOJ HanpsXeHWem, CTBOPKU
YyCTbEBOIO KflanaHa HaTArMBawTCA, W 1B CTBOPKWU BCTpeyalTca noce-
peAunHe. 370 3akpbiBaeT oTBepcTne JIBC n npepgoTepalyaet TOK UMb
yepes Hero [15, 19]. XoTa npsAMoOil BU3yanusayum ycTbeBOT0 KnanaHa
npu HOpManbHOW U3NONOTNN Y XKUBbIX NaLMEHTOB He NPOBOAMUAOC,
cunTaeTcs, YTO yCTbeBOW knanaH 3akpbiBaeTcs B Hauyane Bblgoxa. 70
COOTBETCTBYET BHe3anHoMy MNoBbiWeHUo gasneHna B TOT/IM u ueH-
TpanbHOro BeHo3HOro gasneHusa (ULBJA) ¢ nocnegywowumm npekpauwe-
HMeM aHTerpagHoro numgpoTtoka B TOTJ/IM, ynomaHyToro paHee [19,
21]. YcTbeBble KnanaHbl OTKPbIBAOTCA, KOr4a HaTsXXeHWe CTEHOK BEHbI
CHMXXaeTcA, a CTBOPKM YCTbEB K/lanaHOB OTCTYNaloT K KpasM OTBEPCTUA
NBC, o6ecneunBas aHTerpafgHblii kpoBoTok [15, 19]. CumMTaeTcs, uTO
3TO NpoMcXoAuT BO BpeMs BAoOXa, korga LIBJ, HanpsxeHne BEHO3HOM
CTEHKM 1 BenMYWHa rpagueHTa gasneHus mexay TOT/IM n BeHO3HOM
CTEeHKON ymeHbwatotca [16, 19, 20]. MonynyHHble knanaHbl, 06Hapy-
XeHHble B TOT/IM, 3akpbiBalOTCA, KOrga NMpPoOMCXOAUT peTporpagHblii
TOK UMb, 3aN0NHAS CTBOPKM U conmpukacascb ¢ HUMU. Cneposa-
TeNbHO, B OT/IMYME OT YCTbEBOrO KnamnaHa, 3T MONYNYHHbIE KnanaHbl
OTKPbIBAIOTCA BO BPeMS aHTerpajiHoro notoka 1 3akpblBalTCs, YT0O6bI
npefoTBPaTUTL peTporpagHbiii NOTOK, HE3aBUCUMO OT HanpsXXeHus
cTeHku N [15, 19, 22].
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sphincter contributes to the shortening and narrowing of the os-
tial segment of the lymphatic collector, regulating the lymph flow.

LVJ operation

The mechanism of LV] functioning to this day is poorly un-
derstood. A number of authors suggest that several factors deter-
mine the pressure in TPTD. The production and volume of lymph
in the TD are important determinants of pressure in the TPTD.
W ith an increase in lymph production and an increase in the vol-
ume of TD in dogs, pressure in the TPTD also increases [16], as
was confirmed in other studies in dogs using positive pressure at
the end of expiration and fluid loading. These studies have shown
that the increase in pressure in TPTD is a result of the increased
production of lymph and an increase in its volume, which is the
driving force of lymph flow in the TD [17, 18].

The pressure in the TPTD also depends on the transmitted
aortic pulsations. When measuring pressure in TPTD in humans
and dogs, small (2 mm Hg) fluctuations were observed, correlat-
ing with heart rate [19, 20]. Regular compression of the TD by the
adjacent aorta promotes antegrade lymph flow in the presence
of bicuspid valves [20].

Cyclical changes in terminal pressure in the LVJ correlate
with the respiratory cycle, as was observed in dogs and people.
During periods of apnea, cyclic changes in pressure in the TPTD
and LVJ observed during respiration are lost [19]. Studies in dogs
show that TPTD maintains higher pressure than in the receiving
vein during the entire time of quiet breathing. The magnitude of
this gradient decreases during inspiration and peaks during expi-
ration. The gradient varies from 2 to 8 mm Hg throughout the en-
tire respiratory cycle [19].

It has been found that venous wall tension is the main fac-
tor determining the opening and closing of valve orifices in ca-
daveric specimens. The ostial valve is unique in that its permea-
bility depends on the tension of the venous wall. When the vein
wall is under tension, the cusps of the valve tighten and the two
cusps meet in the middle of the duct. This closes the LV] lumen
and prevents lymph flow through it [15, 19]. Although direct vi-
sualization of the ostial valve has not been obtained in patients
in physiological condition, it is believed that the ostial valve ori-
fice closes at the beginning of expiration. It is in agreement with
an observation of a sudden increase in pressure in the TPTD and
central venous pressure (CVP) with subsequent cessation of an-
tegrade lymph flow in the TPTD mentioned earlier [19, 21]. The
ostial valves open when the tension of the vein walls decreases,
and the cusps recede towards the edges of the LV] lumen, pro-
viding antegrade blood flow [15, 19]. It is believed that this oc-
curs during inspiration, when the CVP, the tension of the venous
wall, and the magnitude of the pressure gradient between TPTD
and the venous wall decrease [16, 19, 20]. The semilunar valves
in TPTD close, when retrograde lymphatic flow occurs, filling the
cusps and coming into contact with them. Therefore, unlike the
ostial valve, these semilunar valves open during antegrade flow
and close to prevent retrograde flow, regardless of TD wall ten-
sion [15, 19, 22].

Venous reflux in TPTD

In published studies, there is insufficient data to unequivo-
cally determine whether venous blood reflux in TPTD is a phys-
iological or pathological phenomenon. Anatomically, the ostial
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BeHO3HbI1 pedntokec B TOMIN

B ony611MKOBaHHbIX MCCNEf0BAHNAX HEAOCTATOYHO AaHHbIX 4N4
0flHO3HAYHOro onpegeneHus, ABnaeTca NM pedaioKC BEHO3HOI KPOBM
B TOINM ¢M3M0ON0OrMYecKMM WAW NaTONOTNYecKUM siBNeHneM. AHa-
TOMWYECKU YCTbeBOW KnanaH ¢ KOocbiM BnageHuem [/l B BEHO3HYHO
CTeHKY ¥ cyxeHuem npocseta [/IM B JIBC orpaHuyuBaeT petporpag-
Hbl/i NOTOK Yepe3 JIBC. ®M3n0N0rnYeckn orpaHMyeHne petTporpagHo-
ro KpoBOTOKa Habnwpaetca gaxe Torga, Korga BeHOo3Hoe faBneHune
OTTOKa npesBbllaeT fasBfeHne nputoka B M. Busyanusupywouwue
nccnefoBaHNA BbIABNAOT BEHO3HbIA KOHTPACTHbIA pedatoke y 9-20%
nayueHToB MpU KOMMNbloTepHoit Tomorpadhum ny 10% npu Y3 BbI-
coKoro paspewenus [10, 11, 23]. Y3/ BbICOKOr0 paspelleHns Takxe
nokasano, 4To pedioKC BEHO3HOI KpPOBW Gbln OrpaHuyeH ABYCTBOP-
4yaTblMUW NONYNYHHbIMMW KfanadHamu B nNpokcumanbHoMm oTaene [N
[10]. Y noTeHuManbHO 340p0BbIX 06CNeAyeMbIX 3TO 06BACHANOCH He-
KOTOPOW CTeneHblo KnanaHHON HeJOCTAaTOYHOCTU, C MPEANONOXKEHU-
eM, uTo 310 natonorus [10]. Cpean TOT/M, Habnopaembix Seeger M et
al (2009), 0,3% He cogepXxanun ycTbeBblX WU NONYNYHHbIX KnanaHos. B
yKa3aHHbIX ABYX HabNofeHnax Habnwganocs ypennyenne gnamerpa
TOTNN Ha 200-400% BO Bpems nNpo6bl BanbcanbBbl [10]. 3T MexaHn3-
Mbl, NpejoTBpallaloLine BEHO3HbIV pedioKe, BEPOATHO, 3alymuanT
TOHKOCTEHHbI TOT/IM OT Ype3MepHOro pacTsXKeHUs B HOPMaNnbHbIX
hU3M0NOrNYEeCKNX COCTOAHUAX.

Tpom6ouMTapHO-onocpeAOBaHHbIA remocTas B JIBC

Mo faHHbIM Hay4HOW nuTepaTypbl, OnNocpefoBaHHbIA TpomMGO-
umtamm remoctas B JIBC npepoTeBpalyaet o6paTHbIii TOK BEHO3HOI
KPOBM B NMM®@aTUYECKYl0 CUCTEMY M Heo6XO0AWM Kak Ans yCTaHOB-
NneHnsa, Tak U ANa NofAepXaHusa cerperaynn kKposum n numdsl [24]. B
oTNIM4Me OT remocTasa, OnocpefOBaHHOTO TpoMbGOLMTaMMU, KOTOPbIA
BO3HWKAaeT nocfle MOBPEeXAEHUS 3HAOTennanbHbiX KNeTOoK B KpoBe-
HOCHbIX cocyaax, Tpomb6oLmMTapHbliii remocTtas B J/IBC BKAO4aeT B3au-
mMopeiicTBMe TPOMBOLMTOB C HEMOBPEXAEHHBIMU NUMBATUUECKUMU
JHfOoTennanbHbiMu Knetkamu B JIBC. 9T0 B3ammopeiicTBue akTuBM-
pyeT TPOMGOLMUTLI, YTO NPUBOANUT K 06pa3oBaHnio TpOM6GOLUTApPHOM
npo6ku n obpaszoBaHW Tpomba mmeHHO B JIBC [24]. NMuoHepckue
nccneposaHua Abtahian F et al (2003), npoBeaéHHble B nabopatopuun
KaHa, onpegenunu ponb reMonoaTU4YeCKNX KNeToK B pasrpaHuyeHumn
KPOBW M UMbl C UCMONb30BAHWEM MbllWEA, NUWEHHBIX UMMYHHbIX
peuenTopoB, aKTUBMPYEMbIX CUTHANbHbBIMU Genkamu TpoM6GOLUTOB,
LNUTO30/IbHbIM 6enkom 2 numdouuntos (Lcp2, TakXKe W3BECTHbIM Kak
SIp76) unu accoymmpoBaHHas C cene3éHKoOW TUpo3uMHkKuMHaza (Syk)
[25]. Y 3Tux Mblwein 66N 06HapYXeHbl 3aN0NHEHHbIE KPOBbI UM -
thaTuyeckne cocyfibl, XMNOTOPakc WU XUNE3HbIN acyuT, AEMOHCTPUPY-
olWne HapyweHue NuMpaTuyeckon cuctembl [24-26]. O6Ny4Y€HHbIE
MbIWW AWKOTO TUNA, KOTOPbIM TpaHCNAaHTUPOBanAu remMonoatuye-
cKWe KneTku ¢ geduunutom Lcp2, noBTOPAAM PEHOTMN MbilWell ¢ HOKa-
yTOM Lcp2, noaTBepxpaa npeacraBneHne oToM, 4to Lep2 m Syk Heob-
XO4UMbI MUMEHHO AN QYHKLNOHUPOBAHUSA TeMONO3TUYECKUX KNeTOK,
B YaCTHOCTW ANA pas3rpaHuyeHuns Kposb-numda [25, 27], Takum obpa-
30M, NOATBEPXAas PO/b reMONO3TUYECKNX KNETOK B HEMOCPEeACTBEH-
Holi cBsi3u ¢ IBC.

3TN pesynbTaTbl NOAHWMAKT MHTEPECHbIi BOMpoOC: Kak TPom6
B /IBC npepoTtBpaliaeT o6paTHblii TOK BEHO3HOW KpoBU, HO o06e-

cneynBaeT GecnpensaTCTBEHHbI  aHTeporpajHblii  TOK NuUMQbI?

HepaBHAas pab6ota npoAemMoOHCTpUpoBana, 4YTO reNnKasHblii Xpo-
moaomeH OHK-cBssbiBatowero 6enka 4 (Chd4), KOMNOHEHT penpec-
CUBHOro Komnnekca 6enkoB pemogenuHra xpomatuHa (NuRD), He-
06X04MM ANA yCTaHOBMEHWS pasfeNeHnus KpoBb-AuM®a y Mblllei
[28]. LEC-cneuntunyeckoe (numdartmyeckme aHaoTeNNaNbHbIe KNETKN

(lymphatic endothelial cells)) ynaneHne Chd4 y mbiweii ysenuuusaet

374

AVICENNA BULLETIN
Vol 24 * Ne 3 * 2022

valve together with an oblique influx of TD into the venous wall
and narrowing of the lumen of the TD in the LVJ limit the ret-
rograde flow through the LVJ). Physiologically, restriction of ret-
rograde blood flow is observed even when the venous outflow
pressure exceeds the inflow pressure in the TD. Imaging studies
reveal venous contrast reflux in 9-20% of patients on computed
tomography and in 10% on high-resolution ultrasound images
[10, 11, 23]. High-resolution ultrasound also showed that venous
reflux was limited to bicuspid semilunar valves in the proximal TD
[10]. In potentially healthy subjects, this was explained by some
degree of valvular insufficiency, with the assumption that this is
a pathological phenomenon [10]. Among the TPTDs observed by
Seeger M et al (2009), 0.3% did not contain ostial or semilunar
valves. In these two observations, an increase in the diameter of
the TPTD by 200-400% was observed during the Valsalva maneu-
ver [10]. These mechanisms that prevent venous reflux are likely
to protect thin-walled TPTD from overstretching under normal
physiological conditions.

Platelet-mediated hemostasis in the LV

According to the literature data, platelet-mediated hemo-
stasis in the LVJ prevents the backflow of venous blood into the
lymphatic system and is required both to establish and maintain
segregation of blood and lymph [24]. Unlike platelet-mediated
hemostasis, which occurs when endothelial cells in blood vessels
are damaged, platelet-mediated hemostasis in the LVS involves
the interaction of platelets with intact lymphatic endothelial cells
of the LVS. This interaction activates platelets, which leads to the
formation of a platelet plug and a thrombus particularly in the
LVS [24]. Pioneer studies (Abtahian F et al, 2003) have defined the
role of hematopoietic cells in blood-lymph separation using mice
lacking the hematopoietic intracellular signaling protein SLP-76 or
Syk [25]. Blood-filled lymphatic vessels, chylothorax, and chylous
ascites have been found in these mice, demonstrating a disorder
of the lymphatic system [24-26]. Irradiated wild-type mice trans-
planted with Lcp2-deficient hematopoietic cells replicated the
phenotype of Lcp2 knockout mice, confirming the idea that Lcp2
and Syk are necessary for the functioning of hematopoietic cells,
in particular, for blood-lymph separation [25, 27], thus confirming
the role of hematopoietic cells in direct connection with the LVJ.

These results raise an interesting question: how does a
thrombus in the LVJ prevent backflow of venous blood but en-
sure unimpeded anterograde

lymphatic flow? Recent study

demonstrated that Chromodomain-Helicase-DNA-Binding Pro-
tein 4 (CHD4), acomponent of the chromatin remodeling protein
repressive complex (NuRD), is required to establish blood-lymph
separation in mice [28]. LEC-specific (lymphatic endothelial cells)
deletion of CHD4 in mice increases the expression of the Plau
gene-encoded urokinase plasminogen activator, an anticoagulant
enzyme, leading to thrombus dissolution in the LVJ]. Genetic de-
letion of the Plau gene abolished both thrombus formation and
defective blood-lymph separation in CHD4 null embryos. Despite
CHD4-null/Plau null
pups did not recover at birth, suggesting Plau-independent clot

the rescue of the embryonic phenotype,

dissolution at a later stage of development [28]. Currently, three
models have been proposed to explain how LV] can maintain di-
rect lymph flow and prevent blood reflux [29]. First, the dynamic
lymphovenous clot model suggests that thrombi in the LVJ block
retrograde blood flow, increasing pressure in the jugular lymphat-
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aKcnpeccuto akTusatopa nnasMUHOreHa YpPOKWHa3bl, KOAMPYEMOTO
reHom Plau, aHTMKOAryNaHTHOro pepmMeHTa, YTO0 NPUBOANT K pacTso-
peHuto Tpomb6a B /IBC. TeHeTnyeckaa feneuuns reHa Plau yctpaHsana
KaKk o6pa3oBaHue TpOM60B, Tak U fetheKT pa3geneHuns KpoBb-nmMmdpa
y 3aM6pnoHOB ¢ HyneBbiM Chd4. HecMoTps Ha cnaceHue aM6puUOHanb-
Horo deHotmna, Chd4-null/Plau Hynesble AeTEHbIWN He BOCCTaHaB-
NUBANUCb NPU POXAEHWUWU, YTO CBUAETENbLCTBYEeT O HE3aBUCMMOM OT
Plau pacTBopeHun cryctka Ha 6onee no3gHem 3tane pas3sutusa [28]. B
HacToslee BpemMsa NPefsiodXeHo TpU Mofenn Ansg 06bACHEHUS TOro,
Kak JIBC MoXeT nogaepXuBatb NpsMoii OTTOK NTMM{bl 1 NnpesoTepa-
watb peoKc KpoBun [29]. Bo-nepBbIX, MOAENb LJUHAMUYECKOTO TUM-
(hOBEHO3HOrO cryctka npeagnonaraet, 4To Tpom6bl B JIBC 6n10KupytoT
peTporpajHblii KpOBOTOK, NOBbIWAsA AaBNeHWe B APEMHOM numdaTn-
UeCKOM MellKe UK TPyAHOM NpoToke. MoBbIWEHHOE NIMM{aTnyecKoe
flaBfeHune npesbillaeT NOPOroBoe 3Ha4yeHue, cmelwaetT Tpom6 1 obe-
cneynMBaeT TPAH3UTOPHbLIN aHTeporpagHblii Tok nuMdpsbl [29]. Bo-BTO-
pbiX, MOJEeNb NoKofALLerocs KnanaHa, onocpejoBaHHOro AaBleHneM,
npeanonaraet, 4To HekoTopble JIBC o6ecneuynBaloT aHTepOrpagHblil
TOK NuM@bl, B TO BpeMAa Kak Apyrue npegoTtspaljaloT peTporpaaHblii
BEHO3HbIVi KPOBOTOK [29]. HakoHel, MoAenb nn3nca nMmMmdaTnyeckoi
XUAKOCTW yTBepXAaeT, YTO NPAMONA TOK NMM@bl BO3HWKaeT, Korga
(haKTOpbl NU3nca CrycTka HakanameawTca BAMM{pe B HenocpeACcTBEH-
Holi 6nn3ocTn oT LEC. JlokanbHOe NOBbIWEHWE 3TUX (haKTOPOB CMO-
cobCTBYeT pacTBOPeHW0 TpomMba M TPaH3UTOPHOMY aHTeporpagHomy
TOKY nuMdbl. HanpoTWe, KOHTaKT BEHO3HOW KpoBW ¢ LEC ycTpaHseT
NI0OKanbHOE HaKonneHue NUTMYecknx hakTopoBs, cnocobecTBys 06paso-
BaHWIO CryCTKOB M BOCCTaHaBNWBaA cerperauunto Kposm n aumdol [29].

3aknioueHune

TepMWUHanbHbI OoTAeN TPyAHOro nuMpaTMyeckoro npoToka
XxapakTepusyetcs BblpaXeHHOW aHaTOMWYECKONW W3MEHYMBOCTbI W
CNOXHBIMW N3NONOTUYECKUMU WU PYHKLNOHANBbHBIMU MeXaHu3ma-
MW, ynpaBAsoWMMMU TOKOM NUM(bl B MecTe COefJMHEHMUSA TPYAHOTO
NMM(paTUYECKOro NPoToKa C BEHO3HOW CMCTEMON. YHUKaNbHBIA Kna-
NaHHbIi KOMNAeKc NMM(BOBEHO3HOTO COYCTbS, KOTOPbIA MO AaHHbIM
aBTOpPOB, MOXeT, Kak NPUCYTCTBOBAaTb, Tak M OTCYTCTBOBATb BOOGLUE,
cnocobeH noa BAWSHMEM Takux (akTopoB, Kak gaBneHue (Hanpsxe-
HUE BEHO3HOW CTEeHKM), Nynbcauus aoptbl, 06LEM NUMGbLI U AblXa-
TeNbHbIA LWUKN, CAMOCTOATENbHO PeryampoBaTtb TOK MM{bl B cucTe-
Me, OfjHaKO TOYHbIi MeXxaHU3M GYHKLMOHNPOBAHWA UCCNe[yemMOro
aHaToMM4yeckoro o6pa3oBaHNA OCTa&TC Manou3y4yeHHbIM. Takum 06-
pa3oM, HECMOTPSA Ha KonoccanbHOe 3Ha4YeHne NMM(POBEHO3HOTO coe-
AVHEHWA B OpraHW3Me, ero ponb 1 QyHKLMA [0 CUX NOp ocTalTCca A0
KOHLa HeACHbIMU. CyllecTByeT NOTPe6GHOCTb B anbHellwem AgeTanb-
HOM uccnefoBaHUM aHaTOMMWUW, HOPManbHOW (GU3NONOTUN TPYAHOTO

nMM@aTnyeckoro npoToka MIMMGHOBEHO3HOTO COYCTbS.
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ic sac or TD. Elevated lymphatic pressure exceeds the threshold
value, displaces the thrombus, and provides transient antero-
grade lymph flow [29]. Second, the pressure-mediated resting
valve model suggests that some LVJs provide anterograde lymph
flow, while others prevent retrograde venous flow [29]. Finally,
the lymphatic fluid lysis model shows that direct lymph flow oc-
curs when clot lysis factors accumulate in the lymph in close prox-
imity to the LEC. A local increase of these factors contributes to
the dissolution of the thrombus and transient anterograde lymph
flow. On the contrary, contact of venous blood with LEC elimi-
nates the local accumulation of lytic factors, promoting the for-
mation of clots and restoring blood and lymph segregation [29].

CoNdusioN

The terminal TD is characterized by pronounced anatomical
variability and complex physiological and functional mechanisms
that control the lymph flow at the junction of the TD and the ve-
nous system. The unique valvular complex of the LVJ, which, ac-
cording to the authors, may or may not be present at all, is able,
under the influence of certain factors, such as pressure (venous
wall tension), aortic pulsation, lymph volume and respiratory cy-
cle, to independently regulate the lymph flow in the system, how-
ever, the exact mechanism of functioning of the studied anatom-
ical structure remains poorly understood. Thus, despite the high
importance of the LVJ in the body, its role and function are still
not completely clear. There is a need for further detailed study of
the anatomy and normal physiology of the TD and LVJ.
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