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3abonsaBaHusATa Ha TopakarnHaTa aopTa TPaauLMOHHO Ce OLeHsBAT Ype3 MOPONOrYHI NapamMeTpu, OCHOBHO — MaKGH-
ManHus AnamMeTbp Ha aopTaTa. HapacTBalyuTe ekcnepiMeHTamnHN U KMHUYHU IaHHK obaye Nokassar, Ye To3u Noaxof e
He[oCTaTbYeH 3a MHAMBMAYaNHaTa NPOTHOCTUYHA OLEHKa W aopTHUTE 3abonsBaHus TpsbBa Aa ce pasrnexaaTt He camo
KaTo CTPYKTYPHU aHOManuu, HO W KaTo MoCneauua OT CIOoXHM GUONMOTMYHM U (hyHKLMOHAMHN NpoMeHn. EHaoTenHaTta
AUCHYHKLMS, XPOHUYHOTO Bb3narneHue U UMyHHaTa akTUBaLMs UrpasiT LieHTparHa pons B naToreHesaTa Ha aopTHUTE
3ab0nsBaHNsl, kaTo BOAAT IO PEMOAENMPAHE Ha CboBaTa CTeHa U (yHKLMOHaNHa HeCTabMUHOCT, KOUTO He MoraT fa
C€ MHTEpNpeTUpaT OT cTaTyHaTa Mopdonorus. MoBuLLIeHaTa a0pTHA PUTMHOCT Ce O4YepTaBa KaTo KIMHUYHO U3MEPUM
WHTErpaTop Ha Tesu NpoLEecH, 0TpassBaLl CbA0BOTO CTapeeHe, BbananurenHata akTMBHOCT 1 HapylleHaTa MexaHoTpaH-
caykuus. Ypes Bb3AeiCTBUETO CUM BbPXY LiEHTpanHaTa xeMoauHamuka aopTHaTa pUrMaHOCT YBENnYaBa criefHaTosap-
BaHETO Ha NsBaTa Kamepa, HapyllaBa AuacTonHaTa KopoHapHa nepdyaus 1 JonpuHacs 3a passuUTMETO Ha MUOKapaHa
MCXEMUS 1 CbP/IEYHA HEOCTATBYHOCT ChC 3anaseHa (ppakLmMs Ha U3TnacksaHe. VHTerpupaHeTo Ha (yHKLMOHAMHN U
BMONOMMYHI Mapkepy KbM MOpAONoriYHaTa oLieHka MoXe fia Noaobpy puckosaTta cTpaTudMKkaLms 1 fa 0BSCHU HacTbN-
BaHETO Ha HeBaronpuATHI a0PTHU U CbPAEYHOCHAO0BN CLOMTUS MpK NaLMeHTU Be3 3Ha4MMO a0PTHO 3acaraHe.
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Thoracic aortic disease has traditionally been assessed using morphological parameters, primarily maximal aortic diameter.
However, accumulating experimental and clinical evidence indicates that this approach is insufficient for individualised risk
prediction. Endothelial dysfunction, chronic inflammation, and immune activation play central roles in the pathogenesis
of aortic disease, driving vascular wall remodelling and functional instability that are not captured by static imaging.
Increased aortic stiffness has emerged as a clinically measurable integrator of these processes, reflecting vascular
ageing, inflammatory burden, and impaired mechanotransduction. By affecting central hemodynamics, aortic stiffness
increases left ventricular afterload, compromises diastolic coronary perfusion, and contributes to myocardial ischemia
and the development of heart failure with preserved ejection fraction. Incorporating functional and biological markers
alongside morphological assessment may improve risk stratification and help explain the occurrence of adverse aortic and
cardiovascular events in patients without advanced aortic dilatation.
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BbBEAEHME

BbonectuTe Ha rpbgHaTa aopta obxBallaT CnekTbp
OT MaTonornm, BKIMIOYUTENTHO aHEBPU3MU U OUCEKLMN,
KOUTO BOAAT A0 3HauMTenHa 3abonsemMocT U CMbpT-
HOCT. TpaaMLUMOHHO aopTHUTE 3abonsiBaHNUsI Ce OLEeHs-
BaT NpeanMHO Bb3 OCHOBA Ha aHaTOMMYHM NapaMeTpu,
no-cneumanHo guameTrbpa Ha aoptarta. Bce nosedye
JokasaTtencrtea obaye couar, Ye To3n noaxond, hoKycu-
paH BbpXy MopdonorusaTa, He oTpassBa HanbiHO 6u-
onorvyHaTa CroXXHOCT W KIUHUYHUS PUCK, CBbP3aHu C
aopTHaTa natoriorusi. AopTtaTta e akTUBEH OpraH C BaXKHU
eHAOTENHW, Bb3nanutenHu u bromexaHnyHn yHKLUN.
EnpoTenHaTta OUCHYHKUMA € paHHO M KIHYOoBO ChOu-
THe, KOETO CTMMYIMpa pemMogernmpaHeTo Ha CbOoBUTE
rMaaKoOMYCKYITHUTE KINETKM U YNecHsIBa MHUNTpauusaTa
Ha Bb3nanuTenHM KNeTku. YCnopeaHo C ToBa WUMYHO-
MeauMpaHnuTe MeXaHW3MM U XPOHWYHOTO Bb3naneHue
OOMNpUHacAT 3a Jerpagjaumsita Ha ekcTpauenynapHus
MaTpuKC 1 3arybaTta Ha enacTU4HM CBOWCTBA Ha aopT-
HaTa cTeHa. Te3n npouecu BoaAT A0 NOBULLEHA aOpTHA
pUrMaHOCT, n3MepuM (YHKUMOHANEH Mapkep, CUMHO
CBbp3aH C HebnaronpusiTHU CbpAEYHOCHAOBM W3XO-
OW, He3aBUCMMO OT KPbBHOTO HansiraHe. To3u npernea
obobLlaBa HacTOALWMTE OaHHU 3a B3aMMOOENCTBUETO
MexXgy eHpoTenHata OUCAYHKLMS, Bb3naneHueto U
aopTHaTa pUrMOHOCT, KaTo nogyepraBa TEXHUTE Kiu-
HUYHW NOCNEACTBUS M NOTEHUManHaTa UM ponsi B yCb-
BbPLUEHCTBAHETO Ha cTpaTudmkaumnsaTa Ha pucka u Te-
paneBTUYHUTE CTpaTern 3a aopTHUTE 3abonsBaHus.

OrPAHUYEHUA HA NMPOMHOS3ATA,
BASUPAHA HA MOP®OJIOIUA

Mopdonoruata (anametsbp, chopmMa, BuanMa aHaTo-
MUS Ha KOMMOTbpPHa Tomorpadus — KT, unun sgpeHo-mar-
HUTEH pe3oHaHc — AMP) abnro Bpeme e onpegensiia
3a OuUeHKka Ha pucka npu 3abonsBaHWs Ha rpbaHaTa
aopTa, HO cama no cebe cu TS e HegocTaTbyHa U Yec-
TO MogBexgalla 3a nporHosara. Bwnpeku wmpokoTo cu
NpUNoXeHne, MakCUManHUsT aMaMeTbp Ha aopTata e
MO-CKOPO onpefensill, Mapkep Ha MonynalyoHHO HUBO,
OTKOIMKOTO TOYEH MPEQUKTOP Ha WMHAOMBWAYarHWUsi PUCK.
MHoro gucekaumm Bb3HWKBAT B aOpTW, KOUTO He OTro-
BapsIT Ha KOHBEHLIMOHANHUTE nparose 3a AvaMeTbp, U
0bpaTHO, HSKOW TonemMu aHeBpu3MW ocTaBaT cTabwur-
HM 3a ObnArv nepyogn 6e3 HebnaronpuaTHU cbouTus. B
enuaeMmornormyHoTo npoyysaHe Early Thoracic Aortic
Aneurysm Analysis (ETTAA) [1] cMbpTHOCTTa, CBbp3aHa
C aopTHa aHeBpM3wma, Ce yBenuyasa npu no-rornemuTe
OVaMeTpu, HO 3HaumTerneH 6pon cbbuTus ce cnydvsat
npu pasmepu Noa XUPYpPruyHUTE NparoBe, KOETO noag4vep-
TaBa, Ye pasmMepbT cam no cebe cu Mma HeonTUMmanHa
YYBCTBUTENHOCT ¥ CMELMAUHHOCT NPU NPOrHO3NPaHETO.
WcTopuyeckn npmvetute nparose (= 55 mm 3a aHeBpU3MM

INTRODUCTION

Thoracic aortic disease encompasses a spectrum
of pathologies, including aneurysms and dissections,
which lead to significant morbidity and mortality. Tra-
ditionally, aortic diseases have been assessed primar-
ily on the basis of anatomical parameters, particularly
aortic diameter. However, growing evidence suggests
that this morphology-focused approach does not fully
reflect the biological complexity and clinical risk associ-
ated with aortic pathology. The aorta is an active organ
with important endothelial, inflammatory, and biome-
chanical functions. Endothelial dysfunction is an early
and key event that initiates vascular smooth muscle cell
remodelling and facilitates the infiltration of inflammato-
ry cells. In parallel, immune-mediated mechanisms and
chronic inflammation contribute to the degradation of
the extracellular matrix and the loss of the aortic wall’'s
elastic properties. These processes lead to increased
aortic stiffness, a measurable functional marker strong-
ly associated with adverse cardiovascular outcomes,
regardless of blood pressure. This review summarises
current data on the interactions among endothelial dys-
function, inflammation, and aortic stiffness, highlighting
their clinical implications and potential roles in improv-
ing risk stratification and therapeutic strategies for aor-
tic diseases.

LIMITATIONS OF MORPHOLOGY-BASED
PROGNOSIS

Morphology (diameter, shape, visible anatomy
on computed tomography (CT) or magnetic reso-
nance imaging (MRI)) has long been decisive for risk
assessment in diseases of the thoracic aorta, but
on its own, it is insufficient and often misleading for
prognosis. Despite its widespread use, the maximal
aortic diameter is more of a population-level marker
than an accurate predictor of individual risk. Many
dissections occur in aortas that do not meet conven-
tional diameter thresholds, and conversely, some
large aneurysms remain stable for long periods with-
out adverse events. In the epidemiological study
Early Thoracic Aortic Aneurysm Analysis (ETTAA)
study [1], mortality associated with aortic aneurysms
increases with larger diameters, but a significant
number of events occur at sizes below the surgical
thresholds, highlighting that size alone has subopti-
mal sensitivity and specificity in prediction. Histori-
cally accepted thresholds (= 55 mm for ascending
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Ha Bb3xosllara aopTta) Npou3TMyaT oT HabnoaaTenHm
Npoy4YBaHUs, KOUTO CBbP3BAT AMaMeETbpa C HeXeraHu
CcbbUTKSA, HO He ycnsABaT Aa YCTaHOBSAT CIOXHOTO B3au-
MOAEVICTBUE MEXAY HarnpexXeHWEeTo Ha CcTeHaTa, LernocT-
Ta Ha TbKaHWTe M xemoguHamuvkata [2]. B nocnegHuTe
Hacokn Ha ESC ot 2024 r. ce npusHaBa, Ye n3MepBaHETo
Ha AuamMeTbpa e OT CbLLECTBEHO 3Ha4YeHMe, HO ce oTYnTa
N BaXKHOCTTa Ha JOMbIHUTENHM (bakTopy KaTo akcuanHa
NpoMsiHa, TEMMN Ha HapacTBaHe M MHAOEKC Ha TenecHarta
Maca 3a npeumsnpaHe Ha OLeHKaTa Ha pucka, KaTto ce
13nm3a 1M3BbH pamkmMTe Ha anameTbpa [3]. OcBeH ToBa,
camuTe M3MepBaHMs Ha AuaMeTbpa ca 00eKT Ha TEXHW-
Yyecka NMPOMEHNMBOCT (MeToA Ha M3obpaxeHue, paBHU-
Ha Ha n3mepBaHe), KOETO BbBeXda AOMbIHUTENHA He-
CUIypHOCT B cTpatudukaumsata Ha pucka. NocnegHure
KOMEHTapu OTHOCHO MparoBeTe Ha AvameTbpa coyart, ve
A0pW KoraTo YyecToTata Ha Cbbutusita CTatucTnyeckn ce
MOBMLLM NPU ONPEAENEHN rPaHNYHN cTonHocTKn (Hanp. 50
mm), abcontoTHaTa YecToTa Ha CbOUTUsITa MOXe fa oc-
TaHe H1CKa B CPaBHEHUNE C XMPYPIMYHNS PUCK — KPUTUYEH
MOMEHT MpW NPELIEHSIBAHETO Ha UHTEPBEHLMSITA CPSIMO
HabntoaeHueTo [4].

Knacuueckute o6pasHu wuscnegBaHus nokasear
CTATUYHOTO M300paXkeHne Ha reomMeTpusita, HO He
AaBa npsika npefacraBa 3a MexaHuWkaTa Ha cTeHaTta u
AVHaMu4yHaTa XemoAuMHamuka. Te3n XxapakTepuCTUKK
KopenupaT ¢ buomexaHuyHaTa ys3BMMOCT, He3aBUCH-
MO OT pa3mepa. KomnoTbpHM 1 06pasHu n3cnenBaHust
nokaseart, Ye pas3TernMBOCTTa, TBbPAOCTTa W foKanm-
3MpaHOTO pasnpegeneHne Ha HanpexeHNeTo B CTeHa-
Ta ca no-Aobpu NpeamKTopu 3a pas3kbCBaHe, OTKOIKOTO
AnaMeTbpbT cam no cebe cu. HoBu noaxogm 3a mo-
JenvpaHe, UHTerpvpallM B3auMOOENCTBUETO MEXAY
TEYHOCT M CTPYKTypa U aHanu3 Ha KpamHu ernemMeHTy,
nogyepTaBar, Ye MEXaHUYHUTE NMoKasaTenu, NonyyYeHun
OT 00pasHu m3crenBaHusi, morat ga nogobpsaT crpa-
TndukauuaTa Ha pucka [5]. lNpomsiHaTa B pasmepa €
TeYeHve Ha BpemeTo (TeMMn Ha HapacTBaHe) e no-au-
HaMuW4yeH nokasaten ot abcontoTHUSA AnameTbp. bbp-
3070 paswwmpsasaHe (> 0, 3 cm Ha roguHa) ce CBbp3-
Ba C MO-BMCOKa 4YeCToTa Ha CbOMTUS 1 Ce BKIOYBA B
anropuTMuTe 3a B3eMaHe Ha XWPYPruYHU peLueHus B
apyrn Hacokm (Hanp. ACC/AHA), koeTo oTpassiea npor-
HOCTMYHaTa CTOMHOCT Ha BPEMEHHOTO MOBedeHMEe B
OONbIIHEHME KbM pasmepa [6].

MauneHTnTe C HacneaCTBEHN aopTHU 3abonsaBaHns
(Hanpumep cungpomuTe Ha Marfan n Ha Loeys-Dietz)
NpaBsaT ONCEKUUSA U pyNTypa Npu No-Manku aMameTpu
nopagu BpogeHa cnabocT Ha cTeHaTa. [eHeTuyHUTE
BapuaHTM mMoaynupaTt CbCTaBa Ha eKcTpauernyrnapHus
MaTPUKC, OLENSBaHETO Ha rMagKOMYCKYITHUTE KMETKM
W CUrHanusaumsita uypes TpaHchopmupalmnsa pacte-
XeH dpaktop-6eta (TGF-B), koeTo cb3gaBa pUCK, KOWTO
mopdonorusaTa cama no cebe cm He MOXe Aa paskpue.
MonekynspHoTo nsobpassasaHe n buomapkepute ocTa-

aortic aneurysms) are based on observational stud-
ies that link diameter to adverse events but fail to
account for the complex interactions among wall
stress, tissue integrity, and hemodynamics [2]. The
latest ESC guidelines from 2024 acknowledge that
diameter measurement is essential but also recog-
nise the importance of additional factors such as
axial change, growth rate, and body mass index to
refine risk assessment beyond diameter alone [3].
Furthermore, diameter measurements themselves
are subject to technical variability (imaging method,
measurement plane), which introduces additional
uncertainty into risk stratification. Recent comments
on diameter thresholds suggest that even when the
incidence of events statistically increases at certain
cut-off values (e.g., 50 mm), the absolute frequency
of events may remain low compared to surgical risk
— a critical consideration when weighing intervention
versus observation [4].

Conventional imaging studies provide a static
picture of the geometry but do not offer direct insight
into wall mechanics or dynamic hemodynamics.
These characteristics correlate with biomechanical
vulnerability, regardless of size. Computer and im-
aging studies show that wall extensibility, stiffness,
and localised stress distribution are better predictors
of rupture than diameter alone. New modelling ap-
proaches integrating fluid-structure interaction and
finite element analysis emphasise that mechanical
parameters derived from imaging studies can im-
prove risk stratification [5]. The change in size over
time (growth rate) is a more dynamic indicator than
the absolute diameter. Rapid expansion (> 0.3 cm/
year) is associated with a higher event frequency and
is included in algorithms for surgical decision-making
in other guidelines (e.g., ACC/AHA), reflecting the
prognostic value of temporal behaviour in addition
to size [6].

Patients with hereditary aortic diseases (e.qg.,
Marfan and Loeys-Dietz syndromes) experience
dissection and rupture at smaller diameters due to
congenital wall weakness. Genetic variants modu-
late extracellular matrix composition, smooth mus-
cle cell survival, and transforming growth factor-beta
(TGF-B) signalling, creating a risk that morphology
alone cannot reveal. Molecular imaging and bio-
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BaT 0brnacTu Ha akTUBHU U3creaBaHus 3a yCTaHOBABa-
He Ha BuonornyHara YA3BUMOCT.

EHAOTENHA AUC®YHKLUA KATO PAHEH
MEXAHU3DBM

Mo akTyanmHu AaHHWM MopdornornyHatTa OueHKa Ha
HanpegHanuTe aopTHM MPOMEHN OTpa3siBa KbCEH CTa-
OV Ha 3ab0onsBaHETO N HE MOXE Ja perucTpvpa paH-
HWUTe OMOMNOrMYHN MPOLIECK, OMpedensin ysi3BMMOCT-
Ta Ha aopTHaTa cTeHa. B TO3n KOHTEKCT eHOoTenHata
ONCPYHKUMS ce oyepTaBa KaTo LieHTpaneH naTtoreHe-
TUYEH MEXaHWU3bM, KOUTO UHTErprpa XeMognHaMuyHu-
Te Cunu, Bb3nanutenHaTta akTmBaums U OKCUaaTUBHUSA
CTpecC u npeaxoxaa CTPYKTYpPHUTE NPOMEHU B MeausiTa.
HapylweHata eHgoTenHa xomeoctasa He caMo Aonpu-
Hacs 3a aHeBPU3MarHOTO pemMoaenuMpaHe, Ho 1 Cb3ada-
Ba YCIOBMS 3@ OCTpU CbOUTUS KaTo aopTHa Aucekaums
He3aBMCKMMO OT abcontoTHMSA pasmep Ha cbaa. OcHOB-
HWTE MbTULLA, Ype3 KOMTO eHAoTenHata AMChYHKUUS
BOOW 00 HecTabWiHOCT Ha aopTHaTa CTeHa, ca cxema-
TUYHO NpeacTaBeHu Ha dour. 1. HapyweHuat otroBop
Ha eHOoTena KbM XeMOAWHaMWYHM CUNN, 0COBEHO Ha-
pyweHunat wall shear stress, BogaT 40 NpoMsiHa B reH-
HaTa ekcnpecus, 3aryba Ha GapuepHa yHKLUUSA 1 npo-
WHcbramaTopHa akTMBaLuuMs oLle npean pa3BUTUETO Ha
MOPAONOrMYHM N3MEHEHUS Ha aopTHaTa cTeHa [7, 8].

.
= 4
Kommnencaropna

) BA30/ULIATALNS

TTopimrena
Ba30OKOHCTPHKIINA
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*Tpomboza

markers remain active areas of research to identify
biological vulnerabilities.

ENDOTHELIAL DYSFUNCTION
AS AN EARLY MECHANISM

According to current data, morphological assess-
ment of advanced aortic changes indicates a late
stage of the disease and cannot capture the early
biological processes that determine the aortic wall’s
vulnerability. In this context, endothelial dysfunction
emerges as a central pathogenetic mechanism that
integrates hemodynamic forces, inflammatory acti-
vation, and oxidative stress and precedes structural
changes in the media. Impaired endothelial homeo-
stasis not only contributes to aneurysmal remodelling
but also creates conditions for acute events such as
aortic dissection, regardless of the vessel’s absolute
size. The main pathways through which endothelial
dysfunction leads to aortic wall instability are sche-
matically presented in Figure 1. The impaired endo-
thelial response to hemodynamic forces, especially
reduced wall shear stress, leads to changes in gene
expression, loss of barrier function, and proinflamma-
tory activation, even before morphological changes in
the aortic wall [7, 8].
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®ur. 1. EHgoTenHa gucdyHKUMS, OKCUAATMBEH CTPEC M MPOTPOMOOTMYHA akTMBaLmS B CboBaTa cTeHa. HamaneHata OMOHannM4HoOCT Ha a3oTeH
okenp (NO) v noBuLeHaTa NpoayKLUMs Ha eHAoTeNuH-1 ycuneaT Ba3OKOHCTPUKTOPHUS TOHYC 1 HapyLuaBaT Basogunartauusta. Hapywennat wall
shear stress nHayuupa okcuaatuseH ctpec (ROS — reactive oxygen species, H,0,), KOETO akTMBMpa NpoBbL3NanUTenH MeamaTopu u CTUMyni-
pa deHoTunHa TpaHcdopmaumsa Ha rmagkomyckynHute knetku (FTMK) B meausaTta, kato cb3gaBat npoTpomboTnyHa cpega. CymapHuaT edekT
€ CTPYKTypHa 1 pyHKUMOHanHa HecTabmnHOCT Ha aopTHaTa CTeHa M MOBULLEH PUCK OT aHEBPM3MaIIHO pemogenupaHe v agucekauusi. ABTopcka
durypa, 6asupaHa Ha nutepaTypHu nstounmum [7, 11]. Ce3ganeHa c enemeHTtu ot Servier Medical Art, nuuens CC BY 3.0.
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Fig. 1. Endothelial dysfunction, oxidative stress, and prothrombotic activation in the vascular wall. Reduced bioavailability of nitric oxide (NO)
and increased endothelin-1 production enhance vasoconstrictor tone and impair vasodilation. Impaired wall shear stress induces oxidative
stress (ROS - reactive oxygen species, H,0,), which activates pro-inflammatory mediators and stimulates phenotypic transformation of vascular
smooth muscle cells (VSMCs) in the media, creating a prothrombotic environment. The cumulative effect is structural and functional instability
of the aortic wall and an increased risk of aneurysmal remodelling and dissection. The author’s figure is based on literature sources [7, 11] and
was created using elements from Servier Medical Art (smart.servier.com), licensed under CC BY 3.0.

Pegvua wnscnegBaHus Ha reHHata ekcnpecusi Ha
HMBO eaunHuyHa knetka (PHK cekseHnvpaHe Ha eguHWy-
Hn knetkn — scRNA-seq) OemoHCTpupa 3HauuTenHa
€HAOTeNHa XETEPOreHHOCT B pasfnuyHUTE CErMEHTU Ha
TopakanHata aopTa, Kato 30HMTe C npegunekums 3a
aHeBpM3MariHO pasBUTME Ce XapaKTepuaupaTt C MoBU-
LLIEHa eKcrnpecusi Ha Bb3nanuTenHu, OKCMAATUBHU U Ma-
TpuKc-pemogenupaluy reuu [9]. EHgoTenHaTta AMcdyHK-
uMs Npu aopTHO 3abonsiBaHe ce Meauupa OT CroXHa
Mpexa OT peLenToOpHU CUrHamHM NbTULLa, KOUTO pery-
nupaTt CbOOoBUSI TOHYC, Bb3ManeHUeTo, OKCUAaTUBHUSA
CTPeC 1 KrneTbYHaTa xomeocrasa (Tabn. 1).

Cpen Han-gobpe npoyyeHnTe ca eHOOTENMHOBUTE
peuenTtopu (ETA/ETB), kOMTO y4acTBaT B 3aCUrBaHETO
Ha Ba30KOHCTPUKLUMSATA M Bb3nanutenHara akTMBauus;
aHrvoteHsuH Il peuentopute (AT, AT,), CBbp3aHu ¢ Me-
XaHOTpaHCOyKUMsATa, PEMOAENUPaHeTo Ha cbaoBaTa
cTeHa n okcuagaTmBHus cTpec; Toll-nogobHute peuen-
Topy (TLR2/TLR4), KOUTO aKkTUBMpaT BPOAEHNSI UMYHEH
OTIOBOP M XPOHUYHOTO Bb3MarneHue; Kakto u vascular
endothelial growth factor (VEGF) peuenTtopute, urpaetum
porns B eHgoTenHara nponycknyMBoCT M naTorornyHara
aHrvoreHesa. flonbnHutenHo, Notch curhanusupaHeto
(eBOMNIOLMOHHO KOHCEPBUPAH MEXaHW3bM 38 KOMYHU-
Kaumsa mexagy cbcefHn knetkn) n TGF- (transforming
growth factor-beta) peuentopHute nbTULa yyacTBaT B
KOHTpONna Ha eHOOTENHO-MagkoMyCKynHaTa KOMyHMKa-
UMs U eKkcTpauenynapH1s maTpukceH obmeH. Ha Tosm

A series of single-cell gene expression studies (sin-
gle-cell RNA sequencing — scRNA-seq) have demon-
strated significant endothelial heterogeneity in different
segments of the thoracic aorta, with areas predis-
posed to aneurysmal development characterised by
increased expression of inflammatory, oxidative, and
matrix remodelling genes [9]. Endothelial dysfunction
in aortic disease is mediated by a complex network
of receptor signalling pathways that regulate vascular
tone, inflammation, oxidative stress, and cellular ho-
meostasis (Table 1).

Among the best studied are endothelin recep-
tors (ETA/ETB), which are involved in enhancing
vasoconstriction and inflammatory activation; an-
giotensin |l receptors (AT,/AT,), associated with
mechanotransduction, vascular wall remodeling,
and oxidative stress; Toll-like receptors (TLR2/
TLR4), which activate the innate immune response
and chronic inflammation; and vascular endothelial
growth factor (VEGF) receptors, which play a role in
endothelial permeability and pathological angiogen-
esis. Additionally, Notch signalling (an evolutionarily
conserved mechanism for communication between
neighbouring cells) and TGF-B (Transforming Growth
Factor-beta) receptor pathways are involved in the
control of endothelium-smooth muscle communica-
tion and extracellular matrix exchange. Against this
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Ta6nuua 1. EHOOTeNHU peLenTopHM MbTULLA, CBbP3aHU C eHAoTeNnHaTa AMcyHKUUA 1 3a6onsiBaHUs Ha rpbaHaTa aopTa

Table 1. Endothelial receptor pathways associated with endothelial dysfunction and diseases of the thoracic aorta

PeuenTtop / curHaneH nbt

Receptor/signalling
pathway

ETA/ETB
(eHpoTenuHOBM peLienTopi)
(endothelin receptors)

OcHoBHa (pyHKLMA B
eHpoTena

Major endothelium function

Perynauvm Ha CbA0BUA TOHYC,
Ba30aKT/BHa CUMrHanusauus

EdbekT BbpXy aopTHaTa
cTeHa

Effect on the aortic wall

BasokoHCTpuKLms,
Bb3naneHue, nosuieH wall
stress

KnuHM4YHO 3HaYeHne

Clinical significance

CBbp3aHm ¢ nporpecust
Ha aHeBPU3MY 1 CbI0BO
pemozenpaHe

Twun pokasatencrea

Type of evidence

EkcnepumeHTanHm,
KIUHWUYHN

Regulation of vascular tone,
vasoactive signalling

Vasoconstriction, inflammation,
and increased wall stress

Related to aneurysm progression
and vascular remodelling

Experimental, clinical

AT. /AT>
(aHrnoteHaunH Il peyentopu)
(angiotensin Il receptors)

MexaHoTpaHcaykuns, ROS curHa-
nv3auus

MepuitHa pererepaums, ELIM
pemogenvpaxe

TepaneBTn4Ha TapreTUpyemoct
(RAS 6nokapa)

EKCI'IepI/IMeHTaJ'IHVI,
KIMUHUYHU

Mechanotransduction, ROS
signalling

Media degeneration, ECM
remodelling

Therapeutic targetability (RAS
blockade)

Experimental, clinical

AKTUBMpaHK Npy aopTHa

Cell differentiation, EC-VSMC
signalling

Impaired EC-VSMC communi-
cation, vascular instability

Associated with hereditary aortic
pathologies

XPOHWYHO Bb3narneHue, Makpo- ExkcnepumeHTanHm,
BponeH umyHeH oTroBop <bareanta uHpMITpaLA [ucekaLus 1 Bb3nanuTenHu TRHCTALHOHHH
TLR2 / TLR4 aopTonarum
) Chronic inflammation, Activated in aortic dissection and | Experimental,
Innate immune response e . : .
macrophage infiltration inflammatory aortopathies translational
CbaoBa nponycKnmeocT, EHpoTenHa HecTabunHocr, Mapkep 3a akTMBHa CbjoBa
aHruoreHesa Bb3narneHve Bonect ExcnepumexTanti
VEGFR-2 — "
. . .| Endothelial instability, ) . !
Vascular permeability, angiogenesis | . . Marker for active vascular disease | Experimental
inflammation
KneTtbuHa aucbepeHumaums, EK- HapyweHa komyHukaums EK- | CBbp3aH ¢ HacneacTeHu ['eHeTUYHN,
c'MK curHanusaums c'MK, cbaoBa HecTabuUnHOCT | aopTonaTtum eKCMepUMEHTarHM
Notch (Notch1/4) a P P

Genetic, experimental

TGF-B peuentopu // receptors
(TGFBR1/2)

KoHTtpon Ha ELIM, kneTbueH pactex

®uBpo3HO pemoaenupate,
meaniHa cnaboct

Krito4oBy npu CUHAPOMHY
aoptonatm (Marfan, Loeys-Dietz)

[ eHeTUYHI, KTMHUYHK

ECM control, cell growth

Fibrous remodelling, medial
weakness

Key in syndromic aortopathies
(Marfan, Loeys-Dietz)

Genetic, clinical

MerTK
(TAM pevenTop)
(TAM receptor)

[MoTuckare Ha ROS,

EdepouuTosa, HoB perynatop Ha cTabunHoctta | EkcnepumeHTarntm,
Bb3naneHue n ELIM

NpOTUBOBB3NANMTENHA 3alyuTa Ha aopTHaTa CTeHa TPaHCAALMOHHN
Aerpapaums

Efferocytosis, anti-inflammatory Suppression of ROS, inflam- | New regulator of aortic wall Experimental,

protection mation, and ECM degradation | stability translational

CukpaweHus: /| Abbreviations: EK — engotenHu knetkun; EC — endothelial cell; cT'MK — cbaosu rmagko myckynHu knetkn; VSMC — vascular smooth
muscle cell; ELIM — exctpauenynapeH matpukc; ECM — extracellular matrix; ROS — reactive oxygen species; RAS — renin-angiotensin system

*[lokaTo NoBEYETO peLenTopHM MbTuLa AOMNPUHACAT 3a NpouHdnaMaTopHu n pemogenupaiym npouecu, MerTK ce otnuyaBa kato 3aluTeH
MEeXaHU3bM, YNSTO ANCHYHKUNUA BOAWU OO €HAOTeNHa HeCcTabumHOCT M NOBULLEH PUCK OT aOPTHU CbOUTUSI HE3ABUCUMO OT MOPMONOrMyHUTE

XapaKTepUCTHKK

*While most receptor pathways contribute to proinflammatory and remodelling processes, MerTK stands out as a protective mechanism whose
dysfunction leads to endothelial instability and an increased risk of aortic events regardless of morphological characteristics

OH, Npe3 nocrnegHuTe roaMHN TUPO3UH KNHA3HUAT pe-
uentop Mer (MerTK), ot rpynata TAM (Tyro3, Axl, Mer),
eKkcrnpecupaH B eHOOTENHUTE U UMYHHUTE KIeTku, ce
ovepTaBa KaTo LeHTpaneH 3awuTeH perynaTtop Ha eH-
potenHarta xomeocTasa. Okasa ce, Ye urpae LeHTpanHa
pons B NOAAbPXAHETO Ha CbAOBaTa XOMeOoCTasa, KaTo
Ce BKIMoYBa B MPOTVBOBBL3NANMUTENHW, aHTUOKCUAAHTHU
1 edpepounTO3HN MexaHn3mm (Tadbn. 1). Hatpyneawwre
ce ekcnepumeHTanHu gaHHm ot 2024-2025 r. nokasear,
Ye 0edUUMTBT UM OYHKUMOHANHOTO HapylleHne Ha
MerTK Boau Ao nepcucTupalla eHgoTenHa akTmeauums,
3acuneH okcuaaTMBeEH CTPEC M HapyLLeHO envuMuHupa-
He Ha anonTO3HW KNETKM B aopTHaTa CcTeHa. ToBa Cb3-

background, in recent years, the tyrosine kinase re-
ceptor Mer (MerTK), a member of the TAM (Tyro3,
Axl, Mer) family, expressed in endothelial cells and
immune cells, has emerged as a central protective
regulator of endothelial homeostasis. It has been
found to play a central role in maintaining vascular
homeostasis by participating in anti-inflammatory,
antioxidant, and efferocytosis mechanisms (Table
1). Accumulating experimental data from 2024-2025
show that MerTK deficiency or functional impairment
leads to persistent endothelial activation, increased
oxidative stress, and impaired elimination of apop-
totic cells in the aortic wall. This creates a chronic
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AaBa XpOHWYHa NpouvHnamaTtopHa Mukpocpeaa, Kosi-
TO CTUMynupa fAerpagauusita Ha ekcTpauenynapHus
MaTpuKC, beHoTUNHaTa TpaHcopMaLmnsa Ha CbOoBUTE
rMafKoMYCKYIMHW KNETKN U NporpecuBHo otcrabsaHe Ha
mMeausaTa. B xvBOTMHCKM mMogenu eHpoTen-cneuunduny-
HaTa 3aryba Ha MerTK yckopsiBa pasBUTMeTo Ha aOpTHU
aHeBpM3MKM M MOBULLIABA YecToTaTa Ha aopTHa auvce-
Kauusi, He3aBNCMO OT NPOMEHWTE B AnamMeTbpa. Tesu
OaHHW NOAKPensT KoHUenumsaTa, 4ye MerTK-megunpaHa-
Ta eHOoTenHa 3alimTa npegcraenssa GuonormyeH mo-
AynaTop Ha CTabunHOCTTa Ha aopTHaTa CTeHa W NOTeH-
unanHa TepaneBTMYHa 1 nporHoctuyHa uen [10].

BBb3NANEHUE U UMYHHU MEXAHU3MU
HA AOPTHUTE 3ABOJIABAHUSA

Bb3naneHneTo nrpae ueHTpanHa pons B MHULUK-
paHeTo, nporpecupaHeTo ¥ pecrabunusaumsta Ha
aopTHaTa OonecT, OeWcTBaku KaTto KpPUTMYHA Bpb3-
Ka Mexay XeMOAMHaMW4YHUS CTpec, eHaoTenHarta
ONCOYHKUNS U CTPYKTYPHOTO yBpeXaaHe Ha aopTHaTa
cteHa. Bmecto fa 6bae BTopnyeH (peHOMEH, MMyHHa-
Ta aKkTMBauus Beve ce npu3HaBa 3a OCHOBEH hakTop
3a JereHepauusita Ha aopTHaTa CTeHa, BNUsieLl, BbpXy
npeobpasyBaHETO Ha ekcTpaLlenynapHusi MaTpuKe, no-
BEAEHMETO Ha rMagKOMYCKYMHUTE KIEeTKM U uenocTTa
Ha megudaTa [11, 12]. BpogeHaTa umMyHHa cuctema €
OCHOBHUAT (hakTop, AOMPUHACSLY 3@ pPaHHOTO Bb3Ma-
neHuve Ha aopTaTta. EHgoTenHata ancdyHKUMS 1 Hapy-
LIEHOTO KpbBOOOpaLLEHE CTUMYNMpPaT aKTUBUPaAHETO
Ha peLlenTopuTe 3a pasno3HaBaHe Ha Mogenu, No-cne-
umanHo Toll-nogobHuTte peuentopu (TLR2 n TLR4),
KOETO BOAW A0 CUrHanuanpaHe Ha sgpeHmns chaktop-kB
(NF-kB) n ocoboxgaBaHe Ha MpPOBb3NANUTENHU Ln-
TOKWHW KaTo nHTepneBkuH-13 (IL-1B), uHTepneBkuH-6
(IL-6) n TymopeH HekpoTusmpay, daktop-a (TNF-a)
[10, 11]. Tesan meguatopu noBuaBaT eHAOTeNHarta
MpPOMyCKNMBOCT, yriecHsaBaT HabupaHeTo Ha NEBKOLNTU
M ycurnear NoKanHute Bb3nanuTeNHU Kackagu B CTe-
HaTa Ha aopTtaTta [7, 9]. Makpodarute ca OCHOBHUTE
e(PeKTOpPHU KINeTKN B TO3K npouec. MHduntpupawmte
Makpodarn cekpetTmpart MaTpu4H1U MeTanonpoTenHasm
(MMP-2 n MMP-9), kaTencuHu n peakTUBHU KUCIO-
pogHu Bupgose (ROS), kouto OUPEKTHO pasrpaxaar
enacTVHOBWTE W KOnareHoBWUTE BriakHa, oTcriabBanku
mMegunanHus crion [11, 13]. BaxxHo e ga ce otbenexu,
Yye HapyLLeHOTO OTCTpaHsBaHe Ha anonTOMYHUTE KNeT-
kv (oedekTHa ebepoumTosa) nogabpxa akTmeaumaTa
Ha Makpodarnte 1 NpoAabInKaBa XPOHWYHOTO Bb3Ma-
neHne, KOeTo OOMbIHUTENHO KOMMpoMeTMpa cTabun-
HoCTTa Ha cteHata [10, 14]. AganTUBHUAT UMYHUTET
CblLIO JonpuHace 3a aopTHaTa naTtonorus, ocobeHo B
HanpegHanuTe cTaguy Ha 3abonsBaHeTo UM Bb3nanu-
TenHute aoptonatun. CD4* T-numdouunTn, BKIIOYU-
TenHo nogrpynu Th1 n Th17, ca ngeHtncpmumpanmn B

proinflammatory microenvironment that stimulates
extracellular matrix degradation, phenotypic trans-
formation of vascular smooth muscle cells, and pro-
gressive weakening of the media. In animal models,
endothelial-specific loss of MerTK accelerates the
development of aortic aneurysms and increases the
incidence of aortic dissection, regardless of chang-
es in diameter. These data support the concept that
MerTK-mediated endothelial protection represents a
biological modulator of aortic wall stability and a po-
tential therapeutic and prognostic target [10].

INFLAMMATION AND IMMUNE
MECHANISMS IN AORTIC DISEASES

Inflammation plays a central role in the initiation,
progression, and destabilisation of aortic disease,
acting as a critical link between hemodynamic stress,
endothelial dysfunction, and structural damage to
the aortic wall. Rather than being a secondary phe-
nomenon, immune activation is now recognised as
a major factor in aortic wall degeneration, influenc-
ing extracellular matrix (ECM) remodelling, smooth
muscle cell (SMC) behaviour, and media integrity
[11, 12]. The innate immune system is the primary
driver of early aortic inflammation. Endothelial dys-
function and impaired blood circulation stimulate the
activation of pattern recognition receptors, particu-
larly Toll-like receptors (TLR2 and TLR4), leading to
signalling of nuclear factor-kB (NF-kB) signalling and
the release of proinflammatory cytokines such as in-
terleukin-1B (IL-1pB), interleukin-6 (IL-6), and tumour
necrosis factor-a (TNF-a) [10, 11]. These mediators
increase endothelial permeability, facilitate leukocyte
recruitment, and enhance local inflammatory cas-
cades in the aortic wall [7, 9]. Macrophages are the
main effector cells in this process. Infiltrating mac-
rophages secrete matrix metalloproteinases (MMP-2
and MMP-9), cathepsins, and reactive oxygen spe-
cies (ROS), which directly degrade elastin and colla-
gen fibres, weakening the medial layer [11, 13]. It is
important to note that impaired removal of apoptotic
cells (defective efferocytosis) maintains macrophage
activation and perpetuates chronic inflammation, fur-
ther compromising wall stability [10, 14]. Adaptive
immunity also contributes to aortic pathology, espe-
cially in advanced stages of the disease and inflam-
matory aortopathies. CD4* T lymphocytes, including
Th1 and Th17 subgroups, have been identified in
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aHeBpm3MarnHa 1 gucekmpaHa aopTHa TbKaH, KbAeTo
Te CTUMynupaT Bb3naneHneTo Ypes curHanmanpaHe Ha
nHTepdepoH-y n IL-17. B agBeHTUUMSTa ca onvcaHu
B-knetkn n TPETUYHU NUMAGOUAHN CTPYKTYPU, KOETO
npeanonara nokanuanpaHu UMyHHW peakuumu, npeans-
BMKaHW OT aHTUreHn, KOUTO MoraT Aa NoaabpXaT obl-
rocpoydHa Bb3nanuresniHa aktuBHocT [15].

Bb3nanutenHute Meguatopu okasBaT AbNOOKO
BMMsSIHAE BbPXy OuonorvaTa Ha rnmagKoMyCKyIHUTE
KNeTKW, Npeau3BuKBankn heHOTUNHO NpeMrHaBaHe oT
KOHTPaKTUITHO KbM CMHTETUYHO U NPOMHMNaMaTopHO
CbCTOSIHME, KaTo MO TO3WU Ha4YMH HamansBaT CTPYKTYp-
HaTa onopa Ha aopTHaTta cTeHa [11, 13]. AnonTo3aTa
Ha rmagKOMYCKyMHUTE KNeTKn, Npeav3BukaHa oT uuTo-
KVHW, 1 gerpagaumsita Ha ekcTpauenynapHust MaTpukc,
MeguupaHa oOT npoTeasu, NpeacTaBnsiBaT KYOBU
MEXaHU3MWU, Nnexallm B OCHOBAaTa Ha U3TbHABAHETO Ha
MeguaTa n obpasyBaHeTo Ha aHeBpuama [11, 13]. Oc-
BEH MMyHHaTa akTuBauus, gedektHaTa perpecus Ha
Bb3nanuTenHus nNpoLec BCe NoBeye ce NpusHaBa KaTto
onpegensw, gakTop 3a nporpecupaHeTo Ha 3abons-
BaHeTO. MpoTVBOBL3NANUTENHUTE N PE3OSIOLIMOHHNTE
CUrHamnHu NbTuLla, BKI. Te3n, meaunpanun ot TAM pe-
LenTopuTe, OrpaHMyaBaT MpekoMepHaTa MMyHHa ak-
TMBaund. EkcnepumeHTanHuTe AaHHW OT HapylleHaTa
MerTK-3aBucmnma edepoumnTtosa, cromeHaTta no-rope,
BOOM [0 nepcucTvpalla eHgoTenvanHa akTusauums,
OKCMAATUBEH CTPEC M yCWUMBaHe Ha Bb3nanuterHuTe
CUrHanu, Kato no TO3W Ha4yMH yCKopsiBa AereHepauu-
siTa Ha aopTHaTa cTteHa [10, 14]. Tean oTkpuTna Nog-
YyepTaBar, Ye aopTHaTa 6bonecTt oTpassiBa He caMo npe-
KOMEpPHO Bb3MarneHne, HO U Heycrnex Ha eHOOreHHUTe
WUMYHHW KOHTPOSTHU MEXaHU3MMU.

Kato usino, Bb3nanuTenHuTe M WUMYHHUTE Me-
XaHM3MU npefocTaBAT OuonornyHo obsicHeHVEe 3a
Bb3HMKBAHETO Ha HeOnaronpusiTHW aopTHM CbLOUTKS,
He3aBUMCMMO OT AMameTbpa Ha aopTtaTta. AKTUBHOTO
Bb3narneHue otcnabsa aopTHaTa cTeHa Ha Monekynsp-
HO M KNEeTbYHO HWMBO, MHOMO Npeau Aa cTaHaTt BUAW-
MU ABHUTE MOPEONOrMYHM NPOMEHN, KOETO NOAKPeNs
KoHuenuusaTa, Ye mopcdonorusaTa cama no cebe cu e
HegocTaTbyHa 3a cTpatudmumpaHe Ha pucka [11, 15].
Tasu napagurma e otpaseHa B Hacokute Ha ESC ot
2024 r., Konto nogyepTaBaT PyHKUNOHANHUTE, OMorno-
TMYHUTE W KITMHUYHUTE MOAMMUKATOPU NPY OLIEHKaTa 1
NEeYeHneTo Ha aopTHUTe 3abonsBaHus [16].

AOPTHA PUTMOHOCT KATO KNTUHUYEH
®EHOTUN U UHTErPATOP HA AOPTHO
3ABOJIABAHE

AOpTHaTa PUrMOHOCT € KINNHNYHO AOCTbIMEH N U3Me-
pUM MapKep, KOUTO MHTEerpmpa KymyrnatuBHute eqoekTn
OT eHfoTenHaTa AUCyHKLMSA, XPOHUYHOTO Bb3narneHue,
UMyHHaTa aKkTMBaUMsi U CTPYKTYPHOTO npeobpasyBaHe

aneurysmal and dissected aortic tissue, where they
stimulate inflammation by signalling interferon-y and
IL-17. B cells and tertiary lymphoid structures have
been described in the adventitia, suggesting local-
ised immune responses triggered by antigens that
may sustain long-term inflammatory activity [15].

Inflammatory mediators profoundly influence
smooth muscle cell biology, driving a phenotypic shift
from a contractile to a synthetic and proinflammatory
state, thereby reducing the structural support of the
aortic wall [11, 13]. Apoptosis of smooth muscle cells
induced by cytokines and protease-mediated degra-
dation of the extracellular matrix are key mechanisms
underlying media thinning and aneurysm formation
[11, 13]. In addition to immune activation, defective
regression of the inflammatory process is increas-
ingly recognised as a determining factor in disease
progression. Anti-inflammatory and resolution sig-
nalling pathways, including those mediated by TAM
receptors, limit excessive immune activation. Exper-
imental data from the impaired MerTK-dependent ef-
ferocytosis mentioned above lead to persistent endo-
thelial activation, oxidative stress, and amplification
of inflammatory signals, thereby accelerating aortic
wall degeneration [10, 14]. These findings empha-
sise that aortic disease reflects not only excessive
inflammation but also failure of endogenous immune
control mechanisms.

Overall, inflammatory and immune mechanisms
provide a biological explanation for the occurrence
of adverse aortic events, regardless of aortic diame-
ter. Active inflammation weakens the aortic wall at the
molecular and cellular level long before obvious mor-
phological changes become visible, supporting the
concept that morphology alone is insufficient for risk
stratification [11, 15]. This paradigm is reflected in the
2024 ESC Guidelines, which emphasise functional, bi-
ological, and clinical modifiers in the assessment and
treatment of aortic diseases [16].

AORTIC STIFFNESS AS A CLINICAL
PHENOTYPE AND INTEGRATOR
OF AORTIC DISEASE

Aortic stiffness is a clinically accessible and mea-
surable marker that integrates the cumulative effects
of endothelial dysfunction, chronic inflammation, im-
mune activation, and aortic wall remodelling into a
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Ha aopTHaTa cTeHa B eauH PyHKLMOHaNeH napameTbp.
Cpen HanuyHWTE WHAEKCW, CKOpocTTa Ha mnyrcoata
BbMNHa (PWV) mexay kapotugHata u dpemoparnHara ap-
Tepus ce cunTa 3a 3naTeH cTaHOapT 3a OLeHKa Ha Cbe-
TOSIHWETO Ha aopTaTa, KaTo OTpa3siBa KAKTO XPOHUYHUTE
CTPYKTYPHM MPOMEHMU, Taka 1 AMHAMWYHUTE NPOMEHU B
CbO0BUS TOHYC, MEAUMPAaHW OT eHOOTENHMTE U Bb3na-
nUTeENHUTE MbTULA U HEBpOXyMopanHaTta perynauus
[17, 18, 19]. NoBuLIEHaTa aopTHa PUrMOHOCT UMa cepu-
03HM XEMOAMHAMWYHM NOCneacTBus. Ypes yckopsiBaHe
Ha pa3npoCTPaHEHNETO Ha MyricoBaTa BbIIHA U HACHLP-
YaBaHe Ha PaHHOTO OTpaXKeHWe Ha BbMHATa, TS yBEnu-
YaBa LEHTPanHOTO CUCTOSHO apTepuarnHo HansraHe
W criefHaToBapBaHETO Ha nsiBaTa Kamepa, KaTto efHo-
BPEMEHHO C TOBa HamarnsiBa LMACTOMHOTO HansiraHe
1 KopoHapHata nepdysus [18, 20]. Tosn oBoeH edekT
npenocTaBs MexaHUYHO 0BsiCHEHME 3a cuiHaTa Bpb3ka
MEXay apTepuarnHata purMgHocT U HebraronpusTHUTE
CbpOEYHOCHO0BU CbOUTUSA, OCOBEHO MPU CbCTOAHUS,
XapakTepuavpalwiym ce C eHgoTenuanHa AuceyHKums
N CbAOBO Bb3naneHue. Bbnpekn 4ye aopTHata pu-
MAHOCT M CKOPOCTTa Ha nyrncosaTa BbiHa (PWV) ca
[obpe BanuaupaHn Mapkepu 3a CbOO0BO YBpeXaaHe U
CbpAEYHOCHO0B PUCK, NPUMOXKEHNETO UM B pyTUHHATA
KNMHUYHA npakTvka B Bwnrapusi octaBa orpaHuW4eHo.
WM3cnenBaHeTo ce M3BbpLUBA NPEgUMHO B YHUBEPCU-
TETCKM KapPAMOMOMMYHM LIEHTPOBe, Ccreunanvanpanmi
nabopaTtopum no yHKLUMOHaNHa cbAoBa AMarHocTMKa
N B paMKUTe Ha HayyHu npoektu. OrpaHuyeHaTta [oc-
TBMNHOCT Ha anapaTypa, nuncarta Ha penmoypcaums ot
H3OK 1 oTCbCTBMETO Ha LUMPOKO MPUETU HALMOHAHU
pedepeHTHN CTOMHOCTU Ca OCHOBHUTE haKTOpu, KOu-
TO Bb3MNpPEensaTCTBaT NO-LUMPOKOTO BHeApsiBaHe Ha PWV
KaTo PyTMHEH WHCTPYMEHT 3a cTpatudmKaums Ha Cbp-
OEYHOCB0BMS PUCK.

KnuHnyHo, noBrLweHaTa aopTHa pUrMaHOCT € He3a-
BMCMMO CBbp3aHa C NOBULLIEH PUCK OT UHCYNT, KOPOHap-
Ha 6onect n XpoHU4YHO OBLOPEeYHO 3abonsiBaHe, Aopu
W crnep KopurupaHe Ha TPagauUMOHHUTE PUCKOBU dhak-
TOpW, BKI. BpaxmanHo-M3aMepeHOTO KPbBHO HansiraHe
[17, 19, 21]. Te3n Bpb3KM nogyeprasaT, Ye aopTHaTa
PUrMAHOCT OTpassiBa acnekTu Ha CboBaTa ys3BUMOCT,
KOWTO He ce OoTpassiBaT CamO OT KOHBEHLUMOHAaNHUTE
M3MepBaHMsa Ha KPbBHOTO HamnsraHe. BaxHo e ga ce
orbenexun, ye TBbLPAOCTTA Ce BMMSE 3HAYUTEMHO OT
apTtepuanHaTa XunepToHUs, CTapeeHe W CUCTEMHU
Bb3MaNUTENHN CbCTOSIHUA, NMPU KOUTO NMPOLBLILKUTEN-
HaTa eHJoTenHa akTMBauusi, OKCUOATUBHUAT CTPEC U
npeobpasyBaHeTO Ha eKkcTpauenynapHus MaTpukc ce
KOMOUWHUPAT 1 YCKOPAT (PYHKLMOHANHOTO CTapeeHe Ha
aptepuute [15, 18].

OT npakTunyecka rnegHa Todka, aopTHaTa purng-
HOCT JaBa ODsICHEHME Ha eOWH YEeCTO CpeLlaH KINHU-
YeH napagokc: 3allo MauueHTn ¢ NogoOHU CTOMHOCTU
Ha KPBbBHOTO HansraHe moraT Aa umaTt 3HaYUTENHO

single functional parameter. Among the available in-
dices, pulse wave velocity (PWV) between the carotid
and femoral arteries is considered the gold standard
for assessing aortic status, reflecting both chronic
structural changes and dynamic changes in vascu-
lar tone mediated by endothelial and inflammatory
pathways and neurohumoral regulation [17, 18, 19].
Increased aortic stiffness has serious hemodynamic
consequences. By accelerating pulse wave propaga-
tion and promoting early wave reflection, it increases
central systolic blood pressure and left ventricular
afterload, while simultaneously decreasing diastol-
ic pressure and coronary perfusion [18, 20]. This
dual effect provides a mechanical explanation for
the strong association between arterial stiffness and
adverse cardiovascular events, particularly in condi-
tions characterised by endothelial dysfunction and
vascular inflammation. Although aortic stiffness and
pulse wave velocity (PWV) are well-validated mark-
ers of vascular damage and cardiovascular risk, their
application in routine clinical practice in Bulgaria re-
mains limited. The examination is mainly performed
in university cardiology centres, specialised labora-
tories for functional vascular diagnostics, and within
the framework of scientific projects. Limited access
to equipment, lack of reimbursement by the National
Health Insurance Fund, and the absence of widely
accepted national reference values are the main fac-
tors hindering the wider implementation of PWV as a
routine tool for cardiovascular risk stratification.

Clinically, increased aortic stiffness is inde-
pendently associated with an increased risk of stroke,
coronary artery disease, and chronic kidney disease,
even after adjusting for traditional risk factors, includ-
ing brachial blood pressure [17, 19, 21]. These asso-
ciations highlight that aortic stiffness reflects aspects
of vascular vulnerability that are not captured by con-
ventional blood pressure measurements alone. It is
important to note that stiffness is significantly influ-
enced by arterial hypertension, ageing, and systemic
inflammatory conditions, in which prolonged endothe-
lial activation, oxidative stress, and extracellular ma-
trix remodelling combine to accelerate arterial func-
tional ageing [15, 18].

From a practical point of view, aortic stiffness ex-
plains a common clinical paradox: why patients with
similar blood pressure values can have significant-
ly different cardiovascular outcomes. Differences in
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pasnuyHn CbpAeYHOCHAOBM pesyntatu. Pasnukute B
aopTHaTa puUrMgHoOCT oTpassBaTt BapuaburnHocTTa B
cbpoBaTa buonorus, Bb3nanutenHata TexecT v 3apa-
BETO Ha eHAoTena, KoeTo ce MpeBpbLia B PasfnUyHo
CWUCTONMHO HaTOBapBaHe, KOpoHapHa nepdysnsa n yB-
pexnaHe Ha KpamHWUTE OpraHu, BbMNPEKUM CPaBHUMUTE
HMBa Ha KpbBHO HansraHe [19, 20]. B To3M KOHTEKCT
aopTHaTa pUrMOHOCT MOXe [a ChyXW KaTto chneuu-
duyeH 3a naumeHTa UHTerpaTop Ha KymynaTuMBHOTO
CbOOBO yBpexaaHe. Te3an HabnwogeHuss nogkpenat
HOBOBB3HMKBALLATa KOHLUEMUMS 3a Tepanusi, Hacode-
Ha KbM aopTHaTa PUrMAHOCT, MPU KOATO OLEeHKaTa Ha
TBbPAOCTTA Ha aopTHaTa CTeHa MOXe Aa AOMbIHU
KOHTpOsia Ha KpbBHOTO HandraHe npu uaeHtTuduumnpa-
HEeTO Ha nvua ¢ BUCOK PUCK 1 afanTUpaHEeTO Ha HTEH-
3MBHOCTTa Ha nevyeHneTo. Bbnpekn ye npocnekTuBHU-
T€ WHTEPBEHUMOHHN AHHW BCE OLLE Ca OrpaHunyeHwu,
BKITHOYBAHETO Ha apTepuanHaTta TBbpP4oCT B KITMHUYHO-
TO B3eMaHe Ha pelleHusi e obellaBalla CTbnka KbM
no-nepcoHanunsmpaHa crpatndukaums 1 ynpasneHune
Ha aopTHUA CbAOB puck [16, 17].

EHpoTenHata aMcdyHKUMS: urpae KnodoBa ponsi 3a
YNIITbTHABAHETO U PUTMAHOCTTA Ha aopTHaTa CTeHa Ype3
HamarneHa OMOOOCTLMHOCT Ha a30TeH OKCuZ, MOBULLEH
OKCUOATMBEH CTPEeC U HapylleHa MexaHOTpaHCAyKUMS,
KOETO BOAW [0 NPOMsiHa BbB BUCOKOENacTUYHUTE CBOW-
CTBa Ha cTeHa [17, 22]. YcnopenHo ¢ ToBa Bb3nanuren-
HATE N UMYHHUTE MeXaHu3MmKu crnocobcTeaTt 3a dpar-
MEHTMPAHETO Ha enacTuHa, HaTPyNBaHETO Ha KomnareH K
Ae3opraHusauusita Ha MeausaTa, Koeto Boan o 3aryba
Ha aopTHa enacTtuyHocT [15, 23]. BaxHo e aoa ce otbe-
nexw, 4Ye 0edeKTHOTO pa3pellaBaHe Ha Bb3MarneHneTo
— BK/1. HapyLLeHaTa edpepoLmMTo3a U aHTUBb3NanmTenHa
CcuUrHanua3auusi — LOMbIHWUTENHO MNogabpXa CbAOBOTO
Bb3naneHne 1 yckopsisa (yHKUMOHANHOTO BroOLLABaHe
Ha aoprtata [14, 23]. OT knNMHUYHA rMegHa Todka aopT-
HaTa purMgHocT obeduHsiBa KakTo TexecTta Ha 3abo-
NSIBAHETO, Taka W HeroBaTa akTVBHOCT; MOXe Aa ce or-
pegenu Kato MOCT MeXady MOMeKynsipHaTa naTtonorms un
KIMMHWYHOTO MPOSIBIIEHNE Ha aopTHOTO 3abonsiBaHe; WH-
OViKMpa (OyHKUMOHANHWTE NocneacTems oT BuonornyHa-
Ta ysi3BUMOCT, KaTo fonbrBa MopdonorusaTta, 6asmpaHa
Ha 0bpasHuW n3cneasaHusi, M nomara ga ce obsicHM 3aLLo
aopTHUTE CLOUTUSI YECTO Bb3HUKBAT NpU AMaAMETPU Nog
KOHBEHLMOHanH1Te nparose 3a HTepeeHums [7, 16, 18].

B3AMMOOEACTBUE MEXAY AOPTHA
PUrMAHOCT U KOPOHAPHA NEP®Y3USA

OuvcdyHKkumnaTa Ha aopTHUA eHaoTen AonpuHacs
NPsKo 3a NoBuvLIeHaTa apTepuanHa purngHocT, KOeTo
BOAM 00 CbLUECTBEHWN NPOMEHWN B LEeHTpanHaTa Xemo-
OnHamuka. Npu BTbpasBaHe Ha aopTaTta CKOpoCTTa Ha
nyricoBarta BbJflHa Ce yBernvyasa, a OTpaseHuTe nyrco-
BW BbJIHU Ce BPbLLAT No-paHo — MO BpeMe Ha cucrona-

aortic stiffness reflect variability in vascular biology,
inflammatory burden, and endothelial health, which
translate into differences in systolic load, coronary
perfusion, and end-organ damage despite compara-
ble blood pressure levels [19, 20]. In this context, aor-
tic stiffness may serve as a patient-specific integrator
of cumulative vascular damage. These observations
support the emerging concept of aortic stiffness-tar-
geted therapy, in which assessment of aortic wall
stiffness may complement blood pressure control to
identify high-risk individuals and tailor treatment in-
tensity. Although prospective interventional data are
still limited, the inclusion of arterial stiffness in clinical
decision-making represents a promising step toward
more personalised stratification and management of
aortic vascular risk. [16, 17].

Endothelial dysfunction plays a key role in the
thickening and rigidity of the aortic wall by reducing
nitric oxide bioavailability, increasing oxidative stress,
and impairing mechanotransduction, thereby altering
the wall’s viscoelastic properties [17, 22]. In parallel,
inflammatory and immune mechanisms contribute
to elastin fragmentation, collagen accumulation, and
media disorganisation, leading to aortic elasticity loss
[15, 23]. It is important to note that defective reso-
lution of inflammation — including impaired efferocy-
tosis and impaired anti-inflammatory signalling — fur-
ther sustains vascular inflammation and accelerates
functional deterioration of the aorta [14, 23]. From a
clinical perspective, aortic stiffness combines both
disease severity and activity; it can be defined as a
bridge between molecular pathology and the clinical
manifestation of aortic disease; it indicates the func-
tional consequences of biological vulnerability, com-
plementing morphology based on imaging studies,
and helps explain why aortic events often occur at
diameters below conventional thresholds for interven-
tion [7, 16, 18].

INTERACTION BETWEEN AORTIC
STIFFNESS AND CORONARY PERFUSION

Aortic endothelial dysfunction directly contrib-
utes to increased arterial stiffness, thereby altering
central hemodynamics. When the aorta hardens,
the pulse wave velocity increases, and the reflect-
ed pulse waves return earlier, during systole rather
than diastole. This leads to an increase in central
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Ta, BMeCTO B Anactonara. ToBa Boau 40 NoBuULLIaBaHe
Ha LEHTPanHOTO CUCTOMHO HansraHe U MNOHMXaBaHe
Ha OMacTONHOTO, C AMPEKTHU NOCNEACTBUSA 3a OpraH-
HaTa nepdgyansi, BKINIOYUTENHO KOPOHaPHUSI KPbBOTOK
[24]. T KaTO KOpOHapHaTa nepdysnsa ce ocbLUecT-
BsiBa NPEAMMHO MO BpeEMe Ha auacTonara, NOHWKEHO-
TO AMACTOMHO HangraHe KOMMNPOMETUPa MMOKapPAHOTO
KpbBOCHabasBaHe, 0cO0eHO B cybeHaoKapaHUTE Crno-
€Be, KOUTO Ca Han-ysa3BMMM KbM ncxemus. Tosm mexa-
HU3BM NpefocTaBsa NaToU3nNoNorMyHo obsicHeHne 3a
YeCTOTO HanM4yne Ha MMoKap4Ha CXEMUS 1 HEOOCTPY-
KTVBHa KOpPOHapHa 00necT nNpu NauMeHTy ¢ NoBuLIEHA
aopTHa pUrMaHOCT MU eHAoTenHa gucdyHkuus [25]. Mo
TO3M HauMH aopTaTa U3NbIIHSABA HEMPSIKA, HO KPUTUYHA
ponsi B cHabasiBaHETO Ha MMoKapga € Kucrnopog, pas-
LUMpPSIBAMKN 3HAYEHNETO CU farney OTBbA MexXaHukaTta
Ha roneMuTe apTepum.

Bb3AEACTBUE BbPXY CIEAHATOBAPBAHETO
HA NABATA KAMEPA U CbPOEYHA
HEQOCTATBYHOCT CBHC 3ANA3EHA
PPAKLUUA HA USTIIACKBAHE

Hapepn c HapylweHaTa kopoHapHa nepdysus, no-
BULLEHATa aopTHa pUrMOHOCT OKa3Ba CbLLECTBEHO
BNUSHNE BbPXY CnegHaToBapBaHETO Ha fnsiBaTta Ka-
Mepa 4Ypes3 NPOMEHM B LiEHTpanHaTa xemogmHaMmmka v
apTepuanHo-neBokaMepHOTO B3anmogencTame. 3ary-
6aTa Ha aopTHa enacTMYHOCT, YECTO CBbp3aHa C eH-
AoTenHa ANCAYHKUNS 1 XPOHUYHO Bb3naneHue, Boan
00 YCKOPEHO BpbLLi@He Ha OTpas3eHUTe NyriCOBU BbITHA
no Bpeme Ha cucTtonarta, KOeTo yBenv4yasa LeHTparn-
HOTO CWUCTOSIHO HandraHe W MWOKapAHus cTpec [26,
27]. B pesynTaT naBaTta kamepa e noanoxeHa Ha Xpo-
HUYHO MOBULUEHO crnegHaToBapBaHe, KOETO CTUMY-
nupa KOHLEHTPUYHO pemMogenunpaHe, xumneptpodus
N uHTepcTuymnanHa ¢pubposa. C HanpeasaHeTo Ha
Te3n CTPYKTYPHM MPOMEHW Ce HapyllaBa akTuBHaTa
penakcaumsa n oUacTtonHOTO NbJIHEHE Ha nsBaTa Ka-
Mepa, KOeTo cb3faBa NpeanocTaBkM 3a pasBuUTME Ha
CbpOeyHa HefoCcTaTbYHOCT CbC 3anaseHa dpakuns
Ha uaTtnackeaHe (HFpEF). BaxHo e, 4ye To3u npouec
MOXe Aa Nporpecunpa He3aBUCMMO OT CTOMHOCTUTE Ha
nepudepHOTO apTepuanHo HansraHe, Tbil KaTo LIEH-
TpanHoToO criegHaToBapBaHE W MyfCcOBOTO HamnsiraHe
ce BMNUSIAT B 3HAYMTENHa CTENeH OT aopTHaTa purna-
HocT [27, 28]. ToBa 06sicHsIBa 3aLl0 NaUUeHTH ¢ Npu-
BMOHO [00pe KOHTponupaHa XWnepToHust moraT Aa
pa3suaT HFpEF npy Hannyne Ha HanpegHano cb40BO
cTapeeHe 1 eHaoTenHa gucdyHKUnA. B TO3M KOHTEKCT
eHpoTenHaTa AMCYHKUMSA U aopTHaTa pUrngHocT ce
ovyepTaBaT KaTo KI4Y0oBM NaToPU3NONOrMYHN hakTo-
pu B passutneto Ha HFpEF, cBbp3Bankm cbooBOTO
cTapeeHe, CUCTEMHOTO Bb3narneHue u mMmuokapgHaTa
ONCHYHKUNS B €OMHEH MeXaHUCTUYeH mogen. Tasu

systolic pressure and a decrease in diastolic pres-
sure, with direct consequences for organ perfusion,
including coronary blood flow [24]. Since coronary
perfusion occurs mainly during diastole, decreased
diastolic pressure compromises myocardial blood
supply, especially in the subendocardial layers,
which are most vulnerable to ischemia. This mech-
anism provides a pathophysiological explanation for
the frequent occurrence of myocardial ischemia and
non-obstructive coronary artery disease in patients
with increased aortic stiffness and endothelial dys-
function [25]. Thus, the aorta plays an indirect but
critical role in supplying oxygen to the myocardium,
extending its importance far beyond the mechanics
of large arteries.

IMPACT ON LEFT VENTRICULAR
AFTERLOAD AND HEART FAILURE
WITH PRESERVED EJECTION
FRACTION

Along with impaired coronary perfusion, in-
creased aortic stiffness significantly affects left ven-
tricular afterload through changes in central hemo-
dynamics and arterial-left ventricular interactions.
The loss of aortic elasticity, often associated with
endothelial dysfunction and chronic inflammation,
leads to an accelerated return of reflected pulse
waves during systole, thereby increasing central
systolic pressure and myocardial stress [26, 27].
As a result, the left ventricle is subjected to chron-
ic increased afterload, which stimulates concentric
remodelling, hypertrophy, and interstitial fibrosis.
As these structural changes progress, active re-
laxation and diastolic filling of the left ventricle are
impaired, creating conditions for the development
of heart failure with preserved ejection fraction (HF-
pEF). Importantly, this process can progress inde-
pendently of peripheral arterial pressure values, as
central afterload and pulse pressure are significant-
ly influenced by aortic stiffness [27, 28]. This ex-
plains why patients with seemingly well-controlled
hypertension can develop HFpEF in the presence of
advanced vascular aging and endothelial dysfunc-
tion. In this context, endothelial dysfunction and
aortic stiffness emerge as key pathophysiological
factors in the development of HFpEF, linking vas-
cular aging, systemic inflammation, and myocardial
dysfunction into a unified mechanistic model. This
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napagurMa Ha CbAOBO-BEHTPUKYNapHO CBbp3BaHe
noakpenst koHuenuuaTa, ye HFpEF e, noHe otyacTw,
3abongBaHe Ha aopTaTa M ronemuTe apTepum, a He
N30MMpaHo MUOKapAHO HapyleHue [29].

OBOBLWEHUE

AopTHUTe 3a60nsiBaHNsA NPeacTaBnsaBaT CrOXeH U
AVHaMWYeH MNPoLeC, B KOMTO CTPYKTYPHUTE MPOMEHU
ca KbCeH 13pas Ha paHHU YHKLMOHANHM 1 Gruonoruy-
HW HapyLUeHWsl Ha cbaoBaTa cTeHa. HatpynsawuTe ce
[aHHW NoKa3BarT, Ye eHgoTenHara AUCQYHKLUUA 1 Xpo-
HWYHOTO Bb3NaneHue UrpasT LeHTpandHa pons B UHK-
LUMMPaHeTO U Mporpecusita Ha aopTHaTa naTonorus,
KaTo BOASAT 4O HapylleHa MeXaHOTPaHCAYKLMS, OKCU-
JaTuBEH CTpec W Aerpajauusl Ha ekcTpauenynapHus
maTpukc. Tean NpoLecu He ce ynaBAT OT cTaHaapTHa-
Ta MopdoriorMyHa oLeHka, OCHoBaHa eOMHCTBEHO Ha
AvameTbpa Ha aopTaTa. lNoBulleHaTa aopTHa puUrna-
HOCT ce oyepTaBa KaTo (pyHKLMOHANEH WHTerpaTtop
Ha CbAOBOTO CTapeeHe, Bb3nanutenHaTa akTUBHOCT U
eHpoTenHaTa HecTabUNHOCT. Ypes BNUAHMETO CY Bbp-
Xy UeHTpanHata XxeMoAuHamuka TS yBenudyasa cre-
AHaToBapBaHETO Ha nsBaTa kamepa, Hapyllaea auac-
TonHaTa KopoHapHa nepdyaunsi 1 cb3fgasa yCrioBus 3a
MWUOKapAHa UCXEMUSI U pa3BUTUE HA CbpaeYHa Hepoc-
TaTbYHOCT CbC 3anaseHa hpakumsi Ha M3TnackeBaHe.
Tean edekTv mMoraT ga ce nposiBsABaT HE3aBUCKUMO OT
CTOMHOCTWTE Ha NepudepHOTO apTepuarnHo HansraHe,
KOETO nog4YepTaBa OorpaHUYeHUsiTa Ha KOHBEHLMOHAT-
HUS KNMUHUYEH noaxod. B To3u koHTekcT aopTaTta He
crnedBa fa ce pasrnexaa eQuHCTBEHO KaTo nacuBeH
MPOBOAHMK Ha KPbBHUS MOTOK, @ KaTo aKTUBEH pery-
naTtop Ha cbpAeyvHo-cbAoBaTa (DYHKLMS, KOMUTO BMW-
fle BbpXy MUoOKapaHaTta nepdysus, HaToBapBaHETO U
KMUHUYHUA 13xod. VHTerpupaHeto Ha yHKLMOHAMHN
MapKepu KaTo aopTHaTa pUrMaHOCT, 3aedHO C OLeHKa
Ha eHgoTenHaTa M Bb3nanuTenHata akTMBHOCT, MMa
noTeHUMana ga nogobpv vHAMBMAyanHaTa puUCcKoBa
cTpaTudukauma 1 ga obscHMU 3allo HeGraronpusaTHA
CcbOMTMS YeCTO HacTbMNBAT NPU NauneHTn 6e3 3Haunuma
aopTHa gunatauums. Tosu MHoronnacToB nogxoq oTpa-
39Ba CbBpeMeHHaTa napagurma, 4ye Mopdornorusta
cama no cebe cu e HefocTaTbYHa 3a agekBaTHa Mpor-
HOCTWYHA OLIEHKa Ha aopTHOTO 3aborsiBaHe.

He e OeknapupaH KOHGIUKm Ha uHmepecu
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