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Momusayus u yens: YnpTpa3BykoBoe nccienoanne (Y 311) mo3BosIeT mo 3X0reHHOCTH
OIICHMBATh BEJIMYMHY HACBIIEHHOCTH >XHUJKOCThI0 mapeHxumbl IDK. B Tom umcre,
BBISBIISITh TPU BapraHTa HAKOIUIEHUS KUAKOCTH B MHTEPCTHIIMU: PaCIpPOCTPaHEHHBIH,
CerMeHTapHbI W JuHeHHBIH [1]. D10 sBieHue BHITIAOUT Tpu Y3U TeMHO-cephiM
(TUTIO9XOTeHHBIM), MOXKET HMETh pPa3HYI0 BBIPAKEHHOCTh, YBEIHYMBATHCA WIH
YMEHBIIATECS 10 HOPMBI (M309XOreHHbIM). [lpeapimynine uccieIoBaHus MOKa3ad
OTCYTCTBHE aOCONIOTHONW TPSMOW CBS3W  THUPOUJHON  THUIOIXOT€HHOCTH  C
TOPMOHAJIbHBIM OOMEHOM, ayTOUMMYHHBIM IIPOLIECCOM U HHTEHCHUBHOCTBIO KPOBOTOKA
B xkenese [1, 2]. BMecte ¢ Tem, onunakoBas runosxorenHocts DK BcTpeuaercs npu
MEPBUYHOM TUIOTUpPEeo3e U auddy3HoM runeptupeose (6onesnu ['peiisca) [1]. Takoe
MPOTUBOPEYHE, C OJHOU CTOPOHBI, YMEHBIIAET AUATHOCTUUECKYIO LIEHHOCTh Y3U, a ¢
JIIpyrol  CTOpOHBI, aKUEHTHpPyeT BHHMaHHE Ha  MAaTOreHe3  THUPEOUAHOM
rUmno’xoreHHoctu. Llenapto 3Toi paboThl CTajllo BBHISBICHHE MAaTOr€HETHYECKUX
MIPUHIIAIIOB 1 0coOeHHOCTeN oTeka ctpombl LK npu V3.

Memoowt u anzopummur: N3yuenne maroreHesa oreka ctpomsl LK BeimonmHsIIOCH Ha
OCHOBE KJIIMHHYeckoro matepuaia — 3040 manueHToB 3a 16 JeT B cienraiu3upoBaHHON
TUPEOUJOJIOTMIECKON KIMHMKE, TA€ A OLEHKH TIunosxoreHHoctn Tkand LK
WCTIONBb30BAINCH JaHHble Y3M-uccienoBaHusi COBMECTHO C aHAJIUM3aMH KpOBH,
aHaMHe30M OO0JIC3HHU, U TEKYIIIUM CTaTyCOM MalueHToB. B ToMm uncie, y 1668 naieHToB
KOHTPOJIUPOBAJM yiIbTpa3BykoM coctosiHue LXK mociae HeckolbKuX KypcoB
nazeporepanuu U portorepanuu. s ucciegoBaHus 0COOCHHOCTEH MaToreHe3a OTeKa
ctpomsl IIIDK mpoBoaniics MOMCK M aHAM3 HaydHoM nutepaTypsl B PubMed, Google
Scholar, n ponmax HaydIHO-MEIUIIMHCKUX OMOIMOTEK 1O TeraM «oTeK cTpombl LKy,
«runosxorenHocts LKy, «Y3U muddysueix m3menenuin LLDK», «nextpoocmocy,
«OTEK SIUTENHAIBHBIX TKaHEi» U ApyTHe.

Pesynomamor u obcyscoenue: Hakorenue xuakoctd B uaTepeturuu LK npunsTo
TPaJUIMOHHO Ha3bIBaThb OTEKOM CTPOMBI. bosiee M3BEeCTHBIM BapHaHTOM TaKOTO OTEKa
SIBIISIETCS. OCTPBIN OTEK OKOJIO MAaruCTPaJIbHBIX COCYHOB (0OBIYHO 3 miu 4 mopsiuka),
KOTOPBI BO3HMKAeT B ONIDKAHIIMI 4ac IMocje IMyHKIWH >KeNle3bl, BHYTPUBEHHOTO
TpoMOONIM3UCa MM MYHKIWW TOAKIIOYAYHON aprepuu [3, 4]. DTOT BapuaHT OTeka
cTpoMbl (JIMHEWHBIH) ompenenseTcs npu Y3M dYepHBIMH IOJIOCaMH, MOXKET
COMPOBOXIATHCS yBEJIWYeHHUEM 10 B 1.5-3 paza u MecTHOW 0ojbio. Takol oTek
OBICTPO YMEHBIIAETCS W HMcYe3aeT B TeueHne 1—2 cyrok. [Ipyrum BapuaHTOM OTeka
ctpombl LK sABnsieTcss HakomeHWE MXUAKOCTH B MHTEPCTULIMM BCEH JONM WIH
OTIENBHO B €€ CerMeHTax (KPYIHBIX, CPEIHUX WA MalbIX (ZOJNbKAax)), U 3TU SBICHUS
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COXPaHSIOTCS MPOAODKUTENBHO (Mecsiiamu) [1]. B uccienoBanusx mokaszaHo, 4To Ipu
¢u3noTepanuy ¢ TOMOLIBI0 MH(PAKPACHOTO Jla3zepa MU GoToTepanuu (B TOM YUCIIe
TeINOTEePAITAN) BRIPAXKEHHOCTh PACIIPOCTPAHEHHOW U CETMEHTAPHON THIIO3XOTEHHOCTH
MOJKET YMEHBIIIATHCS A0 N309XOTeHHOCTH B TEYeHNE HECKOJIBKUX HeAems [1, 5, 6].
Ecnu xuMudeckuii coctaB BHYTPUCOCYAMCTON M MHTEPCTUILIUAIBHOM KUIKOCTH BO BCEX
cermenTax LK onnHakoB, TO OCHOBa MaTOTeHE3a OTEKa CTPOMBI MOXKET OBITh CBSI3aHA
¢ ¢pu3NIEeCKIMH TIpoIleccaMu B Jkenese. VcciieqoBaHus MOCIeTHUX JIET TIOATBEPIKIAIOT,
YTO MEXaHU3M OCTPOro M XpOHHUYECKOro oTeka nHTepctunms (crpomsl) K cBszan ¢
(PM3UYECKUM TMPOLIECCOM — BIIEKTPOCMOCOM [7]. OCTphIi JIMHEHHBIA U XPOHHYCCKUHN
pacnpoctpaHeHHblid oTek LK, cBsI3pIBaeTCSA C OKOJIOCOCYAUCTHIM MPOHHUKHOBEHUEM
skuakocty [8]. JIuHelHBIN — BIOJIb OTHOCUTEIBHO KPYIHBIX COCYAO0B (2—4 mopsjaka),
cozmaBag mnpu Y3W kapTUHy JUHEHHOM TUIMOAXOTC€HHOCTU. XPOHUUECKHI
pachpoCTpaHeHHBII OTEK OXBaThIBAeT MEJKHWE COCYHAbl, IEMOHCTPHPYS OOIIyIO
runosxorenHocts nosei LK. CooTBeTCTBEHHO, BO3HUKAIOT CIEAYIOIINE KITFOUEBEIE
Borpockl. [ToueMy ocTphlii napaBa3aibHbIM OTEK BO3HUKAET U UCUE3AET MOCIIE MyHKIIMU
Jnonu kene3bl (B peakux ciydasx)? Kak dororepamusi cnocoOCTBYeT yCTpaHEHHIO
xpoHuueckoro oteka ctpomsl LIDK? Kakast ocHoBa mexanu3ma oteka cermenToB IDK?
Jus  orBera HEoOXOIMMO o0OpaTUTh BHUMAaHHE Ha JBa BAXKHBIX YCIIOBHSA
(GyHKUMOHUpPOBaHUS JIOOBIX opraHoB, Bkirouas LK. IlepBoe: cerMeHTHl opraHoB
UMEIOT OTHOCHTENFHO 000COOJIEHHYI0O WHHEPBAIMI0 M BaCKYyJSAPHU3AINI0, HEPBHEIC
BOJIOKHA BCErAa COMPOBOXKAAIOT COCYAbl U HEPBHBIA UMITYJIBC UMEET 3IEKTPUUECKYIO
npupoly. Bropoe — MHTepcTULIMANbHbIE KaHANBl BO BCEM OpPraHM3Me U ero opraHax
MPEJCTABISIIOT CUCTEMY MUPKYISnuud noHoB Boabl (H* m OHY), dyHkumoHanmsHO
B3aMIMOCBSI3aHHYIO C HEPBHO-COCYAHCTOH CceThio [9]. DTH 1Ba yCIOBHS OTHOCATCS KO
BceMy opraHuzMy. C 3TOM TOYKHM 3pEHHS MOXKHO IMPEANONOXKHUTh, YTO PETYIISALUS
MPOLIECCOB B UHTEPCTUIIUN OPTaHU30BaHa B COOTBETCTBUU C CETMEHTAPHOM CTPYKTYpPOI
opranusma. J[ByMsi CONps>KEHHBIMU PETYJISITOPHBIMU CUCTEMAMU TAKOU PETYIIALINU, KaK
BUJTHO, SIBJIsieTCS aBTOHOMHas HepBHas cucteMa (AHC) 1 moHHas cucteMa MHTEPCTUIS
(UCH). MoxHo nymaTh, YTO U3MEHEHHUE TTOTOKOB MOHOB U MX OTHOIICHUHN B CUCTEME
MEKOpPraHHBIX, [ApaBa3aJbHBIX W HHTEPCTULHAJIBHBIX KaHaJOB IIEH OKA3bIBAECT
BIMSHUME Ha BeNWUMHY BO30yxnenus perumonHapHo AHC, cermeHnrtapHO
PETYIHPYIOUIYI0O TKaHb U COCYIHUCTYIO (0coOeHHO aprepuaibHyio) cetb LK, uto u
MPUBOJUT K OOIIEMY WJIH JIOKATBbHOMY OTEKY CTPOMEI *kelne3bl. lIpeamonoxurensHo,
NCHU umeer Benyuiee 3HaueHue B TakoM npouecce. Bmecte ¢ teM, AHC MoxxeT umeTtsb
KJIIOYEBOE 3HAYEHHWE B PA3BUTUM CETMEHTAPHBIX M MMapaBa3aJIbHBIX OTEKOB 3a CYET
HETOCPEJCTBEHHOTO 3JICKTPUYECKOIO BIIUSHHUS Ha JIOKAIbHBIM HOHHBIA OajaHC B
TUPEOUIHON mNapeHxume. BO3MOKHO, OCTpBIA OTEK CTPOMBI MOSBISIETCS U BCKOpE
HCYE3aeT B CBA3U C KPATKOBPEMEHHBIM Pa3gpa’K€HUEM T'OTOBBIX K OTBETHOM peakuuu
mectHbix AHC u MCH.

Xponnyeckuit orex crpombr LXK, kak BumHO, TpencTaBiser Ooliee yCTOWYHBBIE
n3menenust AHC u UICH. Oco6eHHOCTH BOBJICUEHHS PA3HBIX CETMEHTOB B OTEK CTPOMBI,
KaK BHJIHO, 3aBUCST OT ceTMEHTapHOro pacipeaenenus B xxeneze AHC u UCU. Biusane
(doToTepanuu UM Ja3epoTepanuy Ha OTEK CTPOMBI, MIPEIOIOKUTEIHHO, B OCHOBHOM
ca3an ¢ MCH [10]. OrcyrctBue oteka crpomel DK y msaToi 4dactu mropen c
oTHOcHUTENbHO MajibiM u30bITkKOM TTI, AT-TIIO u AT-TT [2], BeposATHO, CBS3aHO C
HOPMAJIbHON NHPKYJALUEH MOHOB B MHTEpCTHHHH. lIpsmas 3aBUCHMOCTBH OOJBIIETO
n3oeiTka TTL, AT-TIIO u AT-TT noutu B 60 % ciny4aeB [2] MOXKeT OBITH CBs3aHA C
OonpimmM ycunenneM Hanpspkerus Tkanu XK mox smusauem AHC u ¢ yuactuem
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NCH. Hopmansnsiit yposens TTI, AT-TIIO u AT-TI" eme y 20 % namueHToB ¢
runosxorennoil DK [2], mpenmonoxuTenbHO, MPEACTaBIsIeT BPEMEHHBIN MEepUO.
mociie  TPOMOJDKUTENFHOTO THnepPyHKInoHupoBanus (mepeHanpsokenus) DK, B
TE€YeHHE KOTOPOTO YMEHbIIIEHAa HEpBHASI CTUMYJISIINS U KJIIETKH OpraHa (Y yHKITMOHAIBHO
UCTOIIECHBI, HO coxpansioTcs usmeHeHuss MCU. Tlpu stom Bo3moxuoctn Y3U-
KOHTPOJIA JAIOT MPEUMYIIeCTBO B OOHApYyXKeHHU MpHU3HAKOB oTeka ctpombl IDK; B
MOHHUTOPHHTE TIpoIlecca JICUEHUs, B ompenelieHnd 3(G(OEKTUBHOCTH CIIOCOO0B H
MeTouK jedenus, Busomux Ha AHC u UCH. 16-netHuil nepuoa yibTpa3ByKoBOH U
neueOHOM (Ja3epo- W (oToTepameBTHUECKOW) CHEUMATN3UPOBAHHOW NPAKTHKH |
JTAaHHBIE JINTEPATypHl MO3BOJIIOT OBITH YBEPEHHBIMH B IPEIJIOKEHHOM MeXaHH3ME
THPEOUJHOTO  OTe€Ka CTpoMbl. He3HauuTenpHas  CIOXKHOCTH  CBOJUTCS K
nmuddepeHIManbHON TUArHOCTHKE CIICIUAMCTAMU YIBTPa3BYKOBOW THIIO3XOTEHHOCTH
OTEKa CTPOMBI OT JIUMQPOIUTAPHON HHPMIbTpaIyu [1].

Buisoowr: Ilatorenes oreka ctpoMsl LK, BeposITHO, MPOUCXOAUT HIEKTPOOCMOTHIECKH
nox BnusaueM AHC u MCU (uomHO# cuctembl uHTEepcTuins). Y3W mo3BomseT
KOHTPOJIMPOBATh BRIPAXKCHHOCTh O0TeKa MHTepcTUliug crpomsl LK.

bnacooaprocmy: ABTOpHl OJaromapHbl COTPYAHWKAM KIMHAKH, YYaCTBOBABIIUM B
npueme naruenToB: Tatesne Jlenucopoit u Exarepune AHIUCKOBOH.
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Motivation and Aim: Ultrasound examination (ultrasound) allows assessing the amount
of fluid saturation of the thyroid parenchyma by echogenicity. In particular, to identify
three variants of fluid accumulation in the interstitium: widespread, segmental and linear
[1]. This phenomenon appears dark gray (hypoechoic) on ultrasound, may have different
severity, increase or decrease to normal (isoechoic). Previous studies have shown the
absence of an absolute direct connection between thyroid hypoechogenicity and
hormonal metabolism, the autoimmune process and the intensity of blood flow in the
gland [1, 2]. At the same time, the same hypoechogenicity of the thyroid gland occurs in
primary hypothyroidism and diffuse hyperthyroidism (Graves disease) [1]. This
contradiction, on the one hand, reduces the diagnostic value of ultrasound, and on the
other hand, focuses attention on the pathogenesis of thyroid hypoechogenicity. The
purpose of this work was to identify the pathogenetic principles and features of swelling
of the thyroid stroma during ultrasound.

Methods and Algorithms: The study of the pathogenesis of thyroid stromal swelling was
carried out on the basis of clinical material — 3040 patients over 16 years in a specialized
thyroid clinic, where ultrasound data were used in conjunction with blood tests, medical
history, and the current status of the patients to assess the hypoechogenicity of the
thyroid tissue. In particular, in 1668 patients the thyroid condition was monitored by
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ultrasound after several courses of laser therapy and phototherapy. To study the features
of the pathogenesis of thyroid stromal swelling, a search and analysis of scientific
literature was carried out in PubMed, Google Scholar, and the collections of scientific
and medical libraries using the tags “thyroid stromal swelling”, “hypoechogenicity of
the thyroid gland”, “ultrasound of diffuse changes in the thyroid gland”,
“electroosmosis”, “swelling of epithelial tissues” and others.

Results and Discussion: The accumulation of fluid in the thyroid interstitium is
traditionally called stromal swelling. A more well-known variant of such edema is acute
swelling near the great vessels (usually 3 or 4 orders), which occurs within the next hour
after gland puncture, intravenous thrombolysis or puncture of the subclavian artery [3,
4]. This variant of stromal swelling (linear) is determined by ultrasound as black stripes
and can be accompanied by an increase in the lobe by 1.5-3 times and local pain. This
swelling quickly decreases and disappears within 1-2 days. Another option for thyroid
stroma swelling is the accumulation of fluid in the interstitium of the entire lobe or
separately in its segments (large, medium or small (lobules)), and these phenomena
persist for a long time (months) [1]. Studies have shown that with physical therapy using
infrared laser or phototherapy (including heliotherapy), the severity of widespread and
segmental hypoechogenicity can decrease to isoechogenicity within a few weeks [1,
5, 6].

If the chemical composition of intravascular and interstitial fluid in all segments of the
thyroid gland is the same, then the basis of the pathogenesis of stromal swelling may be
associated with physical processes in the gland. Recent studies confirm that the
mechanism of acute and chronic swelling of the thyroid interstitium (stroma) is
associated with a physical process — electrosmosis [7]. Acute linear and chronic
widespread thyroid swelling is associated with perivascular fluid penetration [8].
Linear — along relatively large vessels (2—4 orders), creating a picture of linear
hypoechogenicity on ultrasound. Chronic widespread swelling covers small vessels,
demonstrating the general hypoechogenicity of the thyroid lobes. Accordingly, the
following key questions arise. Why does acute paravasal swelling appear and disappear
after puncture of the gland lobe (in rare cases)? How does phototherapy help eliminate
chronic swelling of the thyroid stroma? What is the basis of the mechanism of swelling
of thyroid segments?

To answer, you need to pay attention to two important conditions for the functioning of
any organs, including the thyroid gland. First: organ segments have relatively separate
innervation and vascularization, nerve fibers always accompany the vessels and the
nerve impulse is electrical in nature. Secondly, interstitial channels throughout the body
and its organs represent a system of circulation of water ions (H+ and OH-), functionally
interconnected with the neurovascular network [9]. These two conditions apply to the
entire body. From this point of view, it can be assumed that the regulation of processes
in the interstitium is organized in accordance with the segmental structure of the body.
Two associated regulatory systems for such regulation, as can be seen, are the autonomic
nervous system (ANS) and the interstitial ion system (1SI). One might think that changes
in ion flows and their relationships in the system of interorgan, paravasal and interstitial
channels of the neck influence the magnitude of excitation of the regional ANS,
segmentally regulating tissue and the vascular (especially arterial) network of the thyroid
gland, which leads to general or local swelling of the gland stroma. Presumably, 1SI
plays a leading role in such a process. At the same time, the ANS may be of key
importance in the development of segmental and paravasal swelling due to the direct
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electrical effect on the local ionic balance in the thyroid parenchyma. Perhaps acute
stromal swelling appears and soon disappears due to short-term irritation of the local
ANS and IS, ready to respond.

Chronic swelling of the thyroid stroma appears to represent more persistent changes in
the ANS and ISI. The features of the involvement of different segments in stromal
swelling, as can be seen, depend on the segmental distribution of the ANS and ISl in the
gland. The effect of phototherapy or laser therapy on stromal swelling is believed to be
mainly related to ISI [10]. The absence of thyroid stromal swelling in a fifth of people
with a relatively small excess of thyroid-stimulating hormone (TSH), antibodies to
thyroid peroxidase and thyroglobulin (TPOAb, TGAD) [2] is probably due to the normal
circulation of ions in the interstitium. The direct dependence of a greater excess of TSH,
TPOADb and TGADb in almost 60 % of cases [2] can be associated with a greater increase
in thyroid tissue tension under the influence of the ANS and with the participation of
ISI. Normal levels of TSH, TPOAb and TGAb in another 20 % of patients with a
hypoechoic thyroid gland [2] presumably represent a temporary period after prolonged
hyperfunctioning (overstrain) of the thyroid gland, during which nerve stimulation is
reduced and the cells of the organ are functionally depleted, but remain intact. ISl
changes. At the same time, the capabilities of ultrasound control provide an advantage
in detecting signs of swelling of the thyroid stroma; in monitoring the treatment process,
in determining the effectiveness of treatment methods and techniques that affect the ANS
and ISI. A 16-year period of ultrasound and therapeutic (laser and phototherapeutic)
specialized practice and literature data allow us to be confident in the proposed
mechanism of thyroid stromal swelling. A minor difficulty comes down to the
differential diagnosis by ultrasound specialists of hypoechogenicity of stromal swelling
from lymphocytic infiltration [1].

Conclusion: The pathogenesis of thyroid stromal swelling probably occurs
electroosmotically under the influence of the ANS and ISI. Ultrasound allows you to
monitor the severity of swelling of the interstitium of the thyroid stroma.
Acknowledgement: The authors are grateful to the clinic staff who participated in the
reception of patients: Tatyana Denisova and Ekaterina Aniskova.
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