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Knannute CbpAeyHn 3abonseanna ca BOAELLa NpuynHa 3a HapyLlleHua B Ka4eCTBOTO U NPOABIIMKUTENHOCTTA Ha XNBOT.
EnugemvonorusaTa nm Bapupa 3Ha4nTenHo B Lenna CBAT. OT W3KMIYMTENHO BaXHO 3HAYEHWe € NO3HABaHETO Ha XeMo-
OWHAMWUYHUTE NPOMEHN, OO KOUTO BOAAT. Tosa nossonsea npaBuITHO VISpa6OTBaHe Ha cTaTterma OTHOCHO 6'b,qu.l|VI NHTEP-
BEHUMW BbPXY KnanHuA anapar. I'Ipe3 nocnegHuTe roauHu ce 0Tbens3Ba U3KNKYMTENEH Hanpeabk B paspa60TBaHeTo
Ha pasnn4Hn METOOUKN B c¢>epaTa Ha onepaTMBHO U NHTEPBEHLMOHANHOTO fie4eHe Ha KnanHuTe 3abonseanus. B To3m
pasfgen Hue ce cnMpame OCHOBHO Ha aOpTHaTa peryprutauua n HelHaTa 3HauMmocT.
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Abstract. Valvular diseases are a leading cause of morbidity, mortality and impaired quality of life in all over the world with different
epidemiology. It is extremely important to know the hemodynamic changes for the proper development of a strategy for
future interventions. The recent years shows progress in various methodologies of the field of surgery and interventional
treatments of valvular diseases. In this section, we focus mainly on aortic regurgitation and its clinical significance.

Key words: valve diseases, heart failure, echocardiography, aortography

Address Galina Zlatancheva, MD, Clinic of Cardiology, University Multyprofile Hospital for Active Treatment "Alexandrovska",

for correspondence: 1 Sveti Georgi Sofiyski Str., Bg — 1431 Sofia, +35929230467, e-mail: zlatancheva.gal@gmail.com

BbBEOEHME INTRODUCTION

AopTtHata peryprutauus (AP) ce xapaktepusupa C
BpbLLAHe Ha KPbB OT aopTaTta KbM nsBaTa kamepa (J1K)
no BpeMe Ha AvacTtona, B pesyntaT Ha pasnuyHu Bpoae-
HW U NpugoduTN aHOManNuM Ha KnanHuTe nnartHa unu
Ha aoptaTa [1]. 3a nbpBM MbT XpoHN4YHaTa AP e onuca-
Ha ot Corrigan npe3 1832 r [5]. PasnpocTtpaHeHneTo Ha
AP Bapupa B 3aBMCMMOCT OT Bb3pacTTa, reorpad)Ckoto
MecTononoxeHne n nona. C HanpegBaHe Ha Bb3pacT-
Ta yecTtoTata u TexecTta Ha AP ce yBenuyaeart, KaTto
no-4yecTo ce 3acarat mbxete [1, 2]. [ereHepaTnBHaTa
TPUKyCcnMaHa n GUKycnvMaHa aopTHa peryprutauus ca
Ha-4yecTata eTWONorns B pasBuUTUTE CTpaHu, npea-
CcTaBnsABalln Npubnu3anTenHo ABe TPETU OT OCHOBHA-

Aortic regurgitation (AR) is characterized by the
return of blood from the aorta to the left ventricle (LV)
during diastole, as a result of various congenital or
acquired abnormalities of the valve leaflets or aorta
[1]. Chronic AR was first described by Corrigan in
1832 [5]. The prevalence of AR varies with age,
geographic location, and gender. The frequency
and severity of AR increase with age, affecting more
often men [1, 2]. Degenerative tricuspid and bicuspid
aortic regurgitation are the most common etiology in
developed countries, accounting for approximately
two-thirds of the major etiology of aortic regurgitation in
the EURObservational Registry Program Valvular
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Ta eTVonorns Ha aopTHaTa peryprutaunsi B permcrb-
pa Ha EURObservational Registry Program Valvular
Heart Disease Il [27]. [Mpu4mMHUTE 3a Bb3HUKBAHETO 1
MoraT ga 6baart pasgeneHy Ha MbpBUYHO 3acdAraHe Ha
AOPTHUTE KNanHyW nnartHa, U BTOPUYHO Ha aHOManuu
Ha KOpeHa Ha aopTaTa U reomeTpusTa Ha Bb3XO4s-
waTa aopta. BpogeHarta OukycnugHa aopTHa knana e
Han-yecTaTa npu4yrHa 3a nosisa Ha AP, cBbp3aHa e ¢
HenbfHa KoanTauusa Ha nnatHata unv nponanc. YHu-
KyCnuaHWTE W KBaApWKYCMMAOHUTE aopTHU Knanu ca
MHOrO peaiku NpUYMHKU 3a passuTtue Ha AP [3-5]. Opyru
NPUYMHN 32 MbPBUYHO 3acsiraHe Ha aopTHUTE KnanHu
nnatHa BKMOYBAT pPeBMAaTU3bM, UHMEKUMO3EH eHOo-
KapgouT, Kanuudgukauus M MUKCOMaTo3Ha [ereHepa-
umns. 3abonasaHusa Ha aopTaTa Bogelum ao AP, 6e3 an-
PEKTHO 3acsdraHe Ha aopTHaTa Krana ca apTepuarnHa-
Ta XUNepToHWs, MOMOMNATUYHA aHynoaopTHa ekTasus,
aopTHa aucekauns n cuHapom Ha Mapdat [2]. Bvnpe-
Kn TOBa, Npy MHOTO nauneHTu ¢ AP TodHaTa eTnonorus
e HesicHa. [lpyru nesuu, no-crneynanHo MHMEeKUNo3eH
€HO0oKapauT, aopTHa AMceKaumst U TpaBma, No-4ecTo
npegon3Bukeat octpa Texka AP. lNo-psgko cpeluaHu
npuvumHM 3a AP ca cucTeMeH nynyc eputemaTosyc,
bonect Ha Takasicy, 6onecT Ha Yunbn, peBmatongeH
apTpuT, aHKUNo3upaly, CroHOUNWUT, apTponatusd Ha
Jaccoud, cudmnmc, 6onect Ha Crohn n nekapctsa,
notuckawym anetuta [2-5].

OcHoBHM MeToaM B oLeHKaTa Ha AP ca exokapau-
orpacmsta — TTE n TEE, komnoTbpHaTa Tomorpadusi
N MarHUTHUS pe3oHaHc. CbpaeyvHaTa kaTeTepmsaumsi
npegoctaesa MHpopmaums 3a TexecTtta Ha AP, xemo-
OMHaMuKaTa U aHaToMusiTa Ha KOPOHapHUTE apTepun
npy HECLOTBETCTBME MEXAOY KNMHMYHATa KapTuHa U

HenHBa3nMBHaATa ANArHOCTUKa.

AHATOMMSI HA AOPTHUA KNAMEH AMAPAT

AOpPTHUST KranmeH anapar € MHOTOKOMMOHEHTHA
CTpyKTypa. TOWN BKMHOYBA a0pPTO-BEHTPUKYNHO CheauHe-
HVe (MNm aopTeH KnaneH NPbCTEH), a0PTHU KIanHu nnat-
Ha, CMHyCcK Ha Bancansea n cuHo-TyBynapHoO cbeavHeHve
(CTC) [7]. AopTHaTa knana ce CbCTOM OT Tpu NnaTtHa ¢
nonyryHHa gpopma — OACHO, NSBO KOPOHAPHO U HEKOPO-
HapHO MratHO. MSACTOTO, KbAETO M3XOOALWMAT TpakT Ha
nsiBata Kamepa NpemMnHaBa B KOpeHa, KaTto Ha ToBa MSC-
TO Ce 3anaBAT M NnaTHaTa Ha aopTHaTa Knana, ce Hapuya
AOPTOBEHTPUKYITHO cbeamHeHne (ABC). Hsikon aBTOopun
ro onucBaT KaTo aopTeH KrarneH NpPbCTEH, KOWUTO € vacT
oT (pnbpo3HNs ckenert Ha cbpLeTo. B Hopma nnatHaTta Ha
aopTHaTa Krana KoanTupaTt Ha HMBO MPUONM3WTENHO Mo
cpenata mexay ABC n CTC u obmkuHaTa Ha koanTawmoH-
Hata nnHns e 4-5 mm (cowr. 1) [8-11].

Heart Disease |l [27]. It has a heterogeneous
etiology. The causes of its occurrence can be
divided into primary involvement of the aortic
valve leaflets and secondary to abnormalities of
the aortic root and the geometry of the ascending
aorta. Congenital bicuspid aortic valve is the most
common cause of AP, associated with incomplete
coaptation or prolapse. Unicuspid and quadricuspid
aortic valves are very rare causes of AR [3-5].
Other causes of primary aortic valve involvement
include rheumatism, infectious endocarditis,
calcification, and myxomatous degeneration. Aortic
diseases leading to AR without direct involvement
of the aortic valve include systemic hypertension,
idiopathic annuloaortic ectasia, aortic dissection,
and Marfan's syndrome [2]. However, in many
patients with AR, the exact etiology is unclear. Other
lesions, in particular infective endocarditis, aortic
dissection, and trauma, are more likely to cause
acute severe AR. Less common causes of AR are
associated with systemic lupus erythematosus,
Takayasu's disease, Whipple's disease, rheu-
matoid arthritis, ankylosing spondylitis, Jaccoud's
arthropathy, syphilis, Crohn's disease, and appetite
suppressants [2-5].

The main methods in the assessment of
AR include echocardiography — TTE and TOE,
computed tomography and magnetic resonance
imaging. Cardiac catheterization provides infor-
mation on the severity of AR, hemodynamics,
and anatomy of the coronary arteries if there is a
discrepancy between the clinical picture and the
noninvasive image.

ANATOMY OF THE AORTIC VALVE APPARATUS

The aortic valve apparatus is a multicomponent
structure. It includes the aorto-ventricular junction
(or aortic valve ring), aortic valve leaflets, Valsalva
sinuses, and sino-tubular junction (STJ) [7]. The aortic
valve consists of three semi-lunar leaflets - right and
left coronary leaflets, and non-coronary leaflet. The
place where the outflow tract of the left ventricle passes
into the root of the aorta is the aorto-ventricular junction
(AVJ). The aortic valve leasflets are also caught in this
place. Some authors describe this site as an aortic
valve ring that is part of the fibrous skeleton of the
heart. Normally, the aortic valve leaflets coaptate at a
level approximately halfway between the AVJ and the
STJ and the length of the coaptation line is 4-5 mm
(Fig. 1) [8-11].
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XEMOOAWHAMUYHU MPOMEHM

OT M3KMYMTENHO BaXXHO 3HaYeHMEe npu oueHKaTa
Ha XxemoguHaMukaTa Ha knanHute 3abonsiBaHWA e Aa

Ce 3Hae Koe € MbpBUYHOTO XeMOAMHaMNYHO HapyLlle-

5T)

Fay

cH [[ eH

-

Aortic annulus

HWe, KOETO BOAM A0 NPOMSsIHA B YCITOBMSTa Ha HaToBap-
BaHe Ha CbOTBETHaTa kaMmepa unu npeacbpaune. CboT-
BETHO Ha TOBa Ce yBenuyaBa WUnv HamansiBa criegHa-
TOBapBaHETO WIN NPeLHATOBapBaHETO Ha Kamepata
unu npeacbpamveto. NMpu AP MbpBUYHOTO HapyLUeHne e
HEBBL3MOXHOCTTA 3a MbJIHA KoanTaums Ha nnarHaTta Ha
aopTHaTa knana B AuacTona, KOeTo BoAu 40 MbpPBUYHO
yBenu4yeHve Ha npegHaToBapBaHeTo. [IpoMeHnTe B xe-
MoZvHaMuKaTa 3aBUCAT OT eddUKacHOCTTa Ha aganTue-
HUTE MexaHu3Mu 1 GbpanHata Ha BKoYBaHe nM. Pas-
rpaHu4yaBar ce ocTpa 1 XpoHuyHa AP, npu kouto nmame
pasnuyHu XeMOogNHaMUYHU NpomeHu (dour. 2) [12-13].

Haii-o6wo xemoguHamuyHuTe npomeHn npu AP
MoraT [a ce pafenaT Ha: yBenvyaBaHe Ha npegHa-
TOBapBaHETO, HamasnsiBaHe Ha CcregHaToBapBaHETO,
nunca Ha nepuog Ha M30BONTYMETPUYHO CbKpalleHue
N M30BONYMETPUYHA penakcauusi, HapyleHUst B KO-
poHapHaTa xemognHamuka. AP e npuinHa 3a o6emMHO
obpemeHsBaHe Ha JIK, koeTo MOXe fa HacTbNu OCTPO
U XpPOHUYHO. YaapHuat obem (YO) npu AP e cymara
oT edpekTUBHUSA yaapeH obem (EYO) n peryprutaumoH-
HUst 06em. Mo To3un HaumH AP ce cBbp3Ba C NOBULLEHO
npegHaToBapBaHe [14].

Mpu xpoHnyHa AP yBennyeHoTo npegHaToBapBaHe
BOOM 00 NOCTENEHHA AunaTtaunsi U eKCLUEHTPUYHA Xu-
neptpodusa Ha JIK, kakTo n 0o noBuwaBaHe Ha Tene-
anactonnust n obem (TOO). B paHHuTE cTagmm Ha 3a-
bonsBaHeTo KOHTpPaKTMNUTETHLT Ha JIK ocTaBa 3anaseH
U JOPUW NMOBULLEH, KOETO BOAM 4O YBENUYEH TOTaneH

HEMODYNAMIC CHANGES

It is extremely important in assessing the hemo-
dynamics of valvular diseases to know what the primary

hemodynamic disorder is. It is this disorder that leads

®ur. 1. JedurHuuma Ha BUCoYMHaTa Ha koanTtauus (cH) n edekTms-
HaTa Buco4vmHa (eH) Ha aopTHWTe knanu. STJ, cuHoTyBynHa Bpb3ka

Fig. 1. Definition of coaptation height (cH) and effective aortic valve
height (eH). Sinotubular connection, STJ

to a change in the load of the corresponding chamber
or atrium. Accordingly, the afterload or preload of the
ventricle or atrium increases or decreases. In AR, the
primary disorder is the inability to fully coaptation of the
aortic valve leaflets in diastole, leading to a primary
increase in preload. Changes in hemodynamics
depend on the efficiency of the adaptive mechanisms
and the speed of their activation. There are acute and
chronic AR, in which we have different hemodynamic
changes (Fig. 2) [12, 13].

In general, hemodynamic changes in AR can
be divided into: increase in preload, decrease in
afterload, lack of a period of isovolumetric contraction
and isovolumetric relaxation, disorders of coronary
hemodynamics. AR is a cause of volume overload
of LV, which can occur acutely or chronically. The
stroke volume in AR is the sum of the effective stroke
volume and the regurgitation volume. In this way, AR
is associated with increased preload [14].

In chronic AR, the increase in preload leads to
gradual dilatation and eccentric hypertrophy of the LV,
and an increase in its telediastolic volume (TDV). LV
contractility remains preserved or even increased in
the early stages of the disease, leading to increased
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YO v nosuweHa dpakuns Ha natnacksarve (PN). Qu-
natauuaTta Ha JIK yBennyaBa CUCTOMHOTO HanpexeHue
Ha JIK. ToBa, B kKOMOUHALMSA C MOBULUEHOTO CUCTOMHO
apTepuanHo HangdraHe, KOeETO € pesynTtaT oT yBenuya-
BaHeTo Ha obwmsa YO, Boam OO NOBULIEHO criegHaTo-
BapBaHe. 3a nogabpXaHeTo Ha HopMarneH CUCTEMEH
KPBbBOTOK Ce BKMO4YBAT yBeENMYeHMAT YO 1 noBuLLeHa-
Ta CbpAeyvHa 4ecToTa, HO 3a CMEeTKa Ha 3Ha4uTerHo
yBenunyasaHe Ha pabotaTta Ha JIK u Ha cbpaeyHus ae-
out (CL). MNMpwn paHHMUTE eTanu OT pasBueTo Ha AP, 3a
3ana3BaHe Ha OTHOCUMTENHO HOPMarHW HansiraHvs no
BpeMe Ha humanyecko ycunue, ce Hamansasa nepudep-
HOTO CbAOBO CLMNPOTUBIIEHNE U Ce NOHWXKaBa perypru-
TauMoHHUAT o6em. C nporpecrpaHe Ha 3abonsiBaHETO
crnep HagxBbpPIiSiHE Ha CMOCOOHOCTTa Ha nsBaTa Ka-
Mepa 3a agantaumsa ce ctura o AekomneHcupaHe. B
TO3W CTagun ce noHwxasat ToTanHuat YO u edekTns-
HuaT YO, yBennyasa ce TenecuctonHmaT obem (TCO)
n Hamansiea ®W, koeTo BOOU 4O NOCTENEHHO Hamans-
BaHe Ha C[]. B kpasi Ha gnacTonata B JIK ocBeH obema
ce yBenuyaBsa 1 HansdraHeTo, a peTporpagHo ce nosu-
LWaBaT MbIIHELMTE HansraHus, KOeTo BOAN 40 NPOSiBU
Ha 3acTonHa CH, nbpBOHa4YanHo npu ouanveckn HaTo-

BapBaHWs, a NO-KbCHO U1 B nokow [14-16].

®ur. 2 XemoamHamudHu kpveu npu AU. A. Tpwn octpa AU JIK He e
avnartypaHa u o6eMbT M € HOpMarieH; No TO3U HauuH peryprutupa-
wmaT obem Boau A0 cunHo nosuwasaHe Ha JIK KOH. OuactonHo-
To HanaraHe Ha JIK npesuwasa HanaraHeto B JIM B cpegHata nnum
KbCcHaTa gunactona (cTpernka), kKoeTo Boau Ao obpaTteH rpagueHT Ha
JIK-JTN n npuHyxgaBa muTpanHata knana ga ce 3aTBopu npexage-
BpeMeHHO. CpefHOTO 1 KpalHO AMacTonHO HansdraHe Ha JIMN moxe
na 6vae mHoro no-Hucko ot JIK KOH. B. Mpu xpoHnuHa AU JIK obem
ce yBenu4aBa, yaapeHusi obem ce yBenuyasa, KOETO BOAU [0 BUCO-
Ko nyncoso Hanaraxe. qunatupanara JIK nobupa peryprutaumoHHus
ob6em 6e3 nosuwasaHe Ha KOH. B. Mpn xpoHnyHa AekomneHcupaHa
AN dyHkumsita Ha JIK 3anoyBa ga ce Hapywasa, PU ce Hamansea,
B pesynTaT yaapeH obem Hamanssa n obembT Ha JIK ce yBenuyasa,
koeTo Boau Ao nosuwweH JIK KOH. O6wuaT yaapeH obem octasa no-
BULUEH; MO TO3U HaYMH MNyNCOBOTO HamnsiraHe ocTaBa nosuLleHo. B
HanpegHan ctagui, korato ®V e cunHo HamaneHa, yaapHus obem un
nyrncoBOTO HansdraHe morat Aa HamanesT. O6bpHeTe BHUMaHuWe Ha
3aTvxBaHeTo Unu 3arybata Ha ANKPOTUYHMS MPOPE3 NPU BCUYKM TEX-
kn AU (A, B n B).

Fig 2. Hemodynamic curves in Al. A. In acute Al LV is not dilated
and its volume is normal; thus, the regurgitating volume leads to a
strong increase in LV EDP. The diastolic pressure of the LV exceeds
the pressure in the LV in the middle or late diastole (arrow), which
leads to an inverse gradient of the LV-LA and forces the mitral
valve to close prematurely. The mean and end-diastolic pressure
of the LV can be much lower than the LV EDP. B. In chronic Al LV
volume increases, the stressed volume increases, leading to high
pulse pressure. The dilated LV accommodates the regurgitation
volume without increasing the EDP. C. In chronic decompensated
Al the function of the LV begins to be impaired, the EF decreases,
as a result the stroke volume decreases and the volume of the LV
increases, which leads to an increased. The total stroke volume
remains elevated; thus the pulse pressure remains elevated. At an
advanced stage, when the EF is greatly reduced, the stroke volume
and pulse pressure may decrease. Note the attenuation or loss of the
dichroic slit in all severe Als (A, B, and C).

total stroke volume and increased ejection fraction.
LV dilatation increases LV systolic tension. This, in
combination with the increased systolic blood pressure
resulting from the increase in total stroke volume, leads
to an increased afterload. Increased stroke volume and
increased heart rate are included to maintain normal
systemic blood flow, but at the expense of significantly
increasing LV function and cardiac output. In the early
stages of AR development, in order to maintain relatively
normal pressures during physical exertion, peripheral
vascular resistance is decrease and regurgitation
volume is reduced. As the disease progresses after
exceeding the ability of the left ventricle to adapt,
decompensation occurs. In this stage, the total stroke
volume and the effective stroke volume decrease, the
telesystolic volume increases and the EF decreases,
which leads to a gradual reduction of the vascular
flow. At the end of the diastole in the LV, in addition
to the volume, the pressure also increases, and the
filing pressures increase retrogradely, which leads
to manifestations of congestive heart failure, initially
during physical exertion, and later at rest [14-16].
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B aoprata xemogMHamMun4HUTE MPOMEHW BKIHOYBAT
MOBULLEHO CUCTOSHO HansaraHe, 3HaYUTENHO MOHWXKEHNE
Ha OMacTOfHOTO HansraHe U BMCOKa MyricoBa pasnu-
Ka. 3Ha4YMTENHO MOBMLLEHUST yaapeH obemM e mpuynHa
3a MOBMLUEHOTO CUCTOMHO HansraHe. CbnpoTuBneHue-
TO cpelly KpbBOTOKa MO BpemMe Ha Amactona obaye
€ HMCKO MopagM BpPbLLUAHETO Ha YacT OT M3TnackaHusi
06em kpbB 06patHO B JIK. ToBa 1 HamaneHoTo nepu-
depHO apTepuarnHo CbMPOTUBMEHME, OMPEnEnsT HUC-
KOTO HansiraHe Ha aopTaTa Mo Bpeme Ha Ta3u asa. Cbe
3aabnboyaBaHe Ha yBpeXOaHETO Ha aopTHaTa Krana
006eMbT Ha BpblUuaLlaTa ce KpbB ce yBenu4yaea, Hama-
nsiBa JOMBIHUTENHOTO CHMPOTUBIIEHNE CPELLY aOpTHUS
KPBBOTOK U AMACTOMNHOTO HansraHe NporpecuBHo crnaja.
ChblueBpeMeHHO ce peructpypa Gbp30 MokavBaHe Ha
anactonHoto HandraHe B JIK. ToBa Bogn o0 paHHO U3-
paBHsIBaHE Ha KaMEpPHOTO M aopTHOTO HansraHe. [po-
MEHUTE B CUCTOSTHUTE W ANACTONHUTE CTOMHOCTM Ha apT-
HOTO HansraHe onpenendT ronsgmara nyricosa pasnvka,
KOATO 0BycnaBsa peauua KnMHUYHU dheHoMeHu. Npome-
HWTE B a0OPTHOTO M JTEBOKAMEPHOTO HamnsraHe npu Texka
AP BOOAT 0O HapyLUeHUs N B KOpOHapHaTa XemMoauHa-
Muka. JIK xvnepTpodus 1 NOBULLEHUSAT KOHTPAKTUIUTET
00ycnaBAT 3HAYUTENHO YBEMNMYEHME Ha KUCIopoaHaTa
KOHCymMaumsi. MmokapaHoOTO KpbBOCHabasiBaHe € Hapy-
LLEHO Nnopaamn Mankusi epekTmeseH yaapeH o6em 1 HUCKo-
TO ANACTOIHO HansiraHe B aopTaTta, CbLUO Taka 1 nopaau
BMCOKOTO amacTtornHo B JIK, KoeTo onpeaens u HUCKOTO
MUOKapaHO Nepdy3nOHHO HandraHe. ToBa Boau A0 Npo-
SIBM HA MMOKapAHa MCXeMUS JOPU MpU nvnca Ha 3Hayu-
Ma KOpOHapHa atepockneposa [17,18].

MaTom3nonormyHMTe U XeMOAMHAMUYHUTE Haxod-
kv npu octpa AP ca pasnuyHu oT Te3n Npu XpoHMYHara.
Mpn octparta Texka AP e Hanuue eKUecuBHO 0BeMHO
HaToBapBaHe Bbpxy JIK, kosaTO He e moaroTBeHa u e ¢
HOpMarnHu pasmMepu, [JocTura ce Ao nokadsaHe Ha JIK
avacTornHo Hansrane (JTIKOH), koeto moxe ga aocturHe
1 Aa ce n3paBHM C aOpPTHOTO HansraHe. Tui kato JNIKOH
€ No-BMCOKO OT JIEBONPEACHPAHOTO MO BpEME Ha AnacTo-
na, Bb3HVKHaNMSAT KaMepHONPEACHPAEH rpagueHT Boam
00 NpeXaeBpeEMEHHO 3aTBapsiHE Ha MUTpanHara knana
npeav HayanoTo Ha criefgailara cucrona. Toea e brna-
ronpuUATEH XeMoAMHaMUYEH eqoeKT, Thbil KaTo BUCOKOTO
JIKOH He ce npenaea kbM 6enogpobHaTa BeHO3Ha Cuc-
TemMa 1 No TO3M Ha4YMH ce npegdoTBpaTtsaBa denogpobeH
eeM 1 NeBokamepHa CbpAeYyHa HeOOoCTaTbYyHOCT. To3n
OnaronpusiteH edoekT ce rybu nNpu No-HaTaTbLUHOTO Mo-
Ka4yBaHe Ha KaMepHOMPELCbPOHUSI TPagMEHT OoTBaps
MUTpanHaTa Krana B KbCHaTa Auactona, BogeLo 4o an-
actonHa mutpanHa peryprutauns (MP). MP npwu octpa
AP MOxe fa Bb3HUKHE B AnacTtona unu B cuctona (Ko-
rato JIKOH npeogonee neBonpeacwbpgHoTo). Hanuun-
€TO Ha KamepHonpeachbpaeH rpaaneHT Kato pesynTtaT
OT nokadsaHe Ha BucokoTo JIKOH B nepuoga Ha uso-
BONyMETpMYHaTa KOHTPaKUus B paHHaTa cuctona Bogu

In the aorta, hemodynamic changes include in-
creased systolic pressure, a significant decrease
in diastolic pressure, and a high pulse difference.
Significantly increased stroke volume is the cause of
increased systolic pressure. However, the resistance
to blood flow during diastole is low due to the return
of part of the displaced blood volume back to the LV.
This, and the reduced peripheral arterial resistance,
determine the low aortic pressure during this phase. As
the aortic valve deepens, the volume of returning blood
increases, the additional resistance to aortic blood flow
decreases, and the diastolic pressure progressively
decreases. At the same time, a rapid increase in
diastolic pressure in the LV is registered. This leads to
early equalization of ventricular and aortic pressure.
Changes in systolic and diastolic values of arterial
pressure determine the large pulse difference, which
determines a number of clinical phenomena. Changes
in aortic and left ventricular pressure in severe AR
lead to disturbances in coronary hemodynamics.
Severe LV hypertrophy and increased contractility
cause a significant increase in oxygen consumption.
Myocardial blood supply is disrupted due to the small
effective stroke volume and low diastolic pressure in
the aorta, as well as due to high diastolic pressure in
the LV, which determines the low myocardial perfusion
pressure. This leads to manifestations of myocardial
ischemia even in the absence of significant coronary
atherosclerosis [17, 18].

The pathophysiological and hemodynamic findings
in acute AR are different from those in chronic. In acute
severe AR, there is an excessive volumetric load on the
LV, which is not prepared and is of normal size and leads
to an increase in LV end-diastolic pressure (LVEDP),
which can reach and equalize the aortic pressure.
Because EDP is higher than left atrium during diastole,
the resulting atrial gradient results in premature mitral
valve closure before the onset of the next systole. This
is a beneficial hemodynamic effect, as high EDP is not
transmitted to the pulmonary venous system and thus
prevents from pulmonary edema and left ventricular
failure. This beneficial effect is lost with a further rise
in the ventricular gradient opening the mitral valve in
late diastole, leading to diastolic mitral regurgitation. Mitral
regurgitation (MR) in acute AR may occur in diastole or
systole (when EDP overcomes the left atrium). The
presence of a ventricular atrial gradient as a result of an
increase in high EDP during the period of isovolumetric
contraction in early systole leads to mitral valve opening
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®ur. 3. CxemaTnyHO npeacTaBsiHe Ha xemoamHammyHute, EKI n ExoKlMpasnuuuns npu octpa texka (A) n xpoHnyHa Texka (B) AP.1 Ao aorta; AR,

aortic regurgitation; EDP, end-diastolic pressure; LV, left ventricle

Fig. 3. Schematic representation of hemodynamic, ECG and EchoCG differences in acute severe (A) and chronic severe (B) AP.1 Ao aorta; AR,

aortic regurgitation; EDP, end-diastolic pressure; LV, left ventricle

[0 OTBapsHe Ha MuTpanHarta knana u cuctonuyHa MP.
MP e edektMBHa 3a noHwxaBaHe Ha JIKOH, nasoto
npencbpave (1111) cnyxu 3a pesepBoap Ha KpbBTa, Ua-
Ballla oT aopTaTa kbM JIK. Bnocneacteue J1IN HansraHe
MOXe Aa ce nokayn 1 ga gosefe 0o 6enogpobeH egem
W umMpkynaTtopHa HegoctaTbyHocT (cur. 3) [19,20].

EXOKAPQUOIrPA®USA

Exokapgnorapcusta e oCHOBEeH MeTo 3a oueHKa
Ha naumeHTuTe ¢ AP. lNo3Bonsea ga onpegenum eTmo-
nornsata Ha AP, ga ce HanpaBu OLeHKa Ha TexecTTa
Ha WHCyduMuMeHUnsTa, Oa Ce YCTaHOBSAT XeMOAuHa-
MUWUYHUTE NOCNEAMLM Ha aOPTHOTO KNarnHo 3abonsiBaHe
BbpXy pasmepute, xuneprpodpusata n yHKuMaTa Ha
JIK; oueHkaTa Ha aopTaTa; MHAMKauuMTe 3a MHTEpPBEH-
LS, CbLLO M NPeanKTopKn 3a nporHosara [27].

MoeHTuduumpaHeTo Ha MexaHu3ama crefsa Cb-
LWMS MPUHUMN KaTo MpU MuUTpanHarta peryprutauus:
HOpMaIHW NfaTHO, HO HeJoCTaTbyHa kKoanTauus, Obh-
Xalla ce Ha gunartauus Ha KopeHa Ha aopTaTa C LeH-
TpanHa ctpysa (Tun 1), Nnponanc Ha nnatHa ¢ eKcueH-
TpuyHa cTpysa (Tvn 2) unu peTtpakums ¢ 6egHa TbkaH
Ha nnaTtHaTa, 1 ronsima LeHTpanHa Unm ekCLeHTpuYHa
ctpys (tun 3) [22]. Mpu exokapgunorpadckoTo uacnen-

and systolic mitral regurgitation. MR is effective in
lowering EDP, the left atrium (LA) serves as a reservoir
of blood coming from the aorta to the LV. Subsequently,
LV pressure can rise and lead to pulmonary edema and
circulatory failure (Fig. 3) [19, 20].

ECHOCARDIOGRAPHY

Echocardiography is the main method for assessing
patients with AR. It allows us to determine the etiology
of AR, to assess the severity of insufficiency, to
establish the hemodynamic effects of aortic valve
disease on the size, hypertrophy and function of the
LV; aortic assessment; intervention indications, as well
as prognostic predictors [27].

The identification of the mechanism follows the
same principle as in mitral regurgitation: normal leaflets
but insufficient coaptation due to dilatation of the aortic
root with central jet (type 1), prolapse and eccentric jet
(type 2) or retraction with poor tissue of the leaflets,
and a large central or eccentric jet (type 3) [22].
Echocardiographic examination of AR identifies
several basic parameters that can be grouped
as qualitative, semi-quantitative and quantitative
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BaHe Ha AP ce onpegensaT HAKOMKO OCHOBHM napame-
TpW, KOMTO mMoraT Aa 6baat rpynMpaHn kaTo kavyecTse-
HW, NONMYKONNYECTBEHN M KOnu4ecTBeHu (Tabn. 1). Kbm
KayeCTBEHWTEe NapaMeTpy ce BKINYBaT onpeaeneHaTo
Ha knanHaTta mopdonorus (HopmanHa, cnenn, koanTa-
LIMOHEH AedbekT), WmMprHa Ha akeTa (Manka, ymepena,
ronsma), nnbTHoCcT HAa CW curHana (cnab, nnbTeH),
AnacTonHo obpbliaHe Ha KPbBOTOKa B AeCLeHAeHTHa-
Ta aopTa (paHHO, MEXAMHHO, XONOAMACTONHO). MHau-
PEKTHN KONMYECTBEHWN napameTpu BKYBaT — Bpeme
Ha nonyHansaraHe v BeHa KoHTpakTa. KonnyecteeHnte
napameptu ca EROA, peryprutaumoHeH obem, peryp-
rmTaumoHHa dpakumsa [31]. HoBu napameTtpu, nony-
YyeHun 4dpe3 3D exokapgmorpadusa n asynamepHo (2D)
n3obpaxeHue, kaTo rmMobanHo HaAMbXHO HanpeXeHne
Ha LV, morat ga 6baaT nonesHu, ocobeHo npu naum-
€HTU C rpaHnyHa JIKOW, kboeto morat ga nomorHar
npv B3eMaHeTO Ha pelleHue 3a onepauus. Namepsa-
HETO Ha aopPTHMS KOPEH U Bb3xoaswarta aopTta B 2D ce
M3BbpLUBA Ha YETUPM HUBA: AOPTEH KnaneH NpPbCTEH,
cuHycuTe Ha Valsalva, cuHoTyOynapeH Bb3en U Bb3-
xogswa aopta. MamepBaHusaTa ce ussbpluBaTt B na-
pacTepHanHusa uarneg no gbnrara oc ot npeaHus pbo
[0 npegHus pbb B kpariHaTa guacTona, C U3KMYeHne
Ha aopTHMSA NPBCTEH, KOWTO Ce N3MepBa B cpedaTa Ha
cuctonara. BaxHo e ga ce pasrpaHuyat Tpu oeHoTuna
Ha Bb3xofslliaTa aopTa: aHEBPM3MM HA a0OPTHUS KOPEH
(cvHycn Ha Valsalva > 45 mm), Ty6ynHa Bb3xogsLa
aHeBpuama (cuMHycu Ha Valsalva < 40 45 mm) n nso-
nvpaHa aopTHa peryprutaums (BCUYKM AMaMeTpu Ha
aoptata < 40 mm). ViHTpaonepaTnBHaTa oLeHKa Ha
XMpyprvHus pesyntar ypes TEE e sagbmxuTenHa npu
nauMeHTn, NOAJIOKEHN Ha KNanHOCbXpaHsiBalla one-
pauus Ha aopTHa knana [22-27].

MpexaeBpeMeHHo 3aTBapsiHe Ha MK e Hanvue u
npu octpata u npu xpoHunyHata MP un Han-gobpe ce
aemMoHcTpupa nocpeactsom M-mode ExoKI™ ¢ eaHo-
BpeMeHHa EKI. ToBa e cneunduyeH n CeH3UTMBEH
HenHBa3uBeH Oener 3a ocTpa Texka AP 1 kopenvpa
CbC CTeneHTa Ha nokaysaHe Ha JIKOH. Npy HopmanHu
ycrnosus MK He ce oTBaps npeau Havanoto Ha JIK KoH-
Tpakuus, ToBa ce criyuBa okorno 40 ms crnef HavyanoTto
Ha QRS-komnnekca. NpexaeBpeMEHHOTO 3aTBapsHe
Ha MK e nekocteneHHo (cTeneH l), korato koanTaum-
ATa Ha MpPegHOTO M 3a4HOTO MUTPArHO MiaTHO Bb3-
HUKBaT B UNM npegmn Hadanoto Ha QRS (50 ms npeau
Q-3abeua, Ho cnen P-BbnHata); cteneH Il, korato MK
ce 3atBopu 200 ms npeamn Q-3vbeua [21].

MHBA3UMBHA AUATHOCTUKA

CbpaeyHara kateTepusaLysi Ce M3nonasa He camo 3a
TOYHA OLieHKa Ha XeMOaUHaMUYHUTE npoMeHn npu AP, Ho
1 3a onpenensiHe Ha KOPOHapHWs cTatyc. Toea e OT us-

(Tabl. 1). Qualitative parameters include the
determination of the valve morphology (normal,
flail, coaptation defect), jet width (small, moderate,
large), CW signal density (weak, dense), diastolic
reversal of blood flow in the descending aorta (early,
intermediate, cholodiastolic). Indirect quantitative
parameters include — pressure half-life and vein
contract. Quantitative parameters are EROA,
regurgitation volume, regurgitation fraction [31].
New parameters obtained by 3D echocardiography
and two-dimensional (2D) imaging, such as global
longitudinal LV tension, may be useful, especially in
patients with borderline LVEF, where they can help
in deciding on surgery. Measurement of the aortic
root and ascending aorta in 2D is performed at four
levels: the aortic valve ring, the Valsalva sinuses,
the sinotubular node, and the ascending aorta.
Measurements are made in the parasternal view
along the long axis from the anterior edge to the
anterior edge in end diastole, except for the aortic
ring, which is measured in the middle of the systole.
It is important to distinguish three ascending aortic
phenotypes: aortic root aneurysms (Valsalva
sinuses> 45 mm), tubular ascending aneurysm
(Valsalva sinuses < 40 45 mm) and isolated aortic
regurgitation (all aortic diameters < 40 mm).
Intraoperative evaluation of the surgical outcome
by TOE is mandatory in patients undergoing aortic
valve-sparing surgery [22-27].

Premature closure of the MV is present in both
acute and chronic MR and is best demonstrated by
M-mode echocardiography with simultaneous ECG.
This is a specific and sensitive non-invasive sign
of acute severe AR and correlates with the degree
of increase in EDP. Under normal conditions, the
mitral valve does not open before the onset of LV
contraction, this occurs about 40 ms after the onset
of the QRS complex. Premature closure of the MV
is mild (grade |) when the coaptation of the anterior
and posterior mitral tracts occurs in or before the
onset of QRS (50 ms before the Q wave, but after
the P wave); grade Il when the mitral valve closes
200 ms before the Q wave [21].

INVASIVE DIAGNOSTICS

Cardiac catheterization is used not only to
accurately assess hemodynamic changes in AR, but
also to determine coronary status. This is extremely
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Ta6bnuua 1. Exokapguorpadcku napametpum / Table 1. Echocardiographic parameters

Jleka / Mild

YmepeHa / Moderate

Texka / Severe

KauyectBeHu kputepum / Quality criteria

KnanHa mopdonorus HopmanHa vnnv npo-
MeHeHa

Valve morphology Normal or changed

Hopmanxa vnv npo-
MeHeHa
Normal or changed

ABHopMHa/cbnenn/ronam koanTaumMoHeH aedekT

Abnormal/flail/large coaptation defect

B [leCLeHAeHTHaTa aopTa
Diastolic flow reversal in descending | Early
aorta

MnbTHOCT Ha CW curHana Cnab MnbTeH MnbTeH

CW signal Low Dense Dense

LLinpounHa Ha gxeTa nNpu LUBETEH Manka YMmepeHo ronsma [onsm npu LeHTpanHuTe JKeToBe, NPOMEHNB
Doppler NpPW eKCLEHTPUYHUTE

Color flow regurgitant jet area Low Moderate Large in central jets, variable in eccentric jets
[nacTonHo obpbluaHe Ha KpbBOTOKa | PaHHO MexanHHo XonopanacTtoneH obpaTeH KPbBOTOK B AeCLiEH-

Intermediate

AeHTHata aopta (EDV >20 cm/s)
Holodiastolic flow reversal in descending aorta
(EDV > 20 cm/s)

MonykonuyectBeHu kputepuun / Semiquantitative criteria

PHT (Pressure half time)

LLinpnHa Ha BeHa KoHTpakTa (cm) <0.3 0.3-0.6 >0.6
Vena contracta width (cm)
Bpeme Ha nonyHansraHe > 500 200-500 <200 ms

KonuuyectBeHu kputepum (MHBa3uBHU 1 exorpadcku) / Quantitative criteria (invasive and ultrasound)

Peryprutupaiy obem (ml 3a cbpaey-

Regurgitant volume (ml/beat)

HO CbKpalleHune) <30 30-59

Mrow Ha peryprutaLmMoHH1s OTBOP
(cm?) EROA

Effective regurgitant orifice area
(cm?) EROA

[o/To 0.10

0.10-0.29 20.3

PeryprutaunonHa dpakums, %
Regurgitation fraction,%

<30 30-50

>/=50

OonbnHuTenHu eceHumanHu kputepun |/ Additional essential criteria

Pasmepu Ha JIK
Dimensions of the LV

JIK gunarauus
LV dilatatio

KMNouMTeNHa BaXKHOCT NpU B3eMaHe Ha pelleHne OTHOC-
HOCHO 06emMa v BZa Ha nocnenBaLloTo feveHune [28].
KpuBaTta Ha aoOpTHOTO HamnsiraHe Npu MHBa3WBHO W3-
MepBaHe, MOCTENeHHO ce u3rnaxaa A0 3anMyaBaHe Ha
OMKpoTaTa, CbOTBETCTBALLA HA MOMEHTA Ha 3aTBapsiHe
Ha aopTHaTa knana. ToBa e Taka nopaau akrta, 4ye npu
Texxka AP npakTuiecku nuncea TakoBa 3aTBapsiHe. Ha-
NIMYMETO Ha MOCTOSIHEH KPBHBOTOK MPEe3 aopTHaTa krana
BOAM [0 MPOMSIHA B CbpAeYHMS LMK — HsIMa nepuog,
Ha W30BOIYMETPUYHO CbKpaLLeHVEe M M30BOIyMETPUYHA
penakcaums. CbpaevHaTa kateTepusaumsi JaBa Bb3MOX-
HOCT He CaMO 3a KONM4ecTBeHa OLEeHKa Ha NPOMEHWTE Ha
HansraHusTa npu AP, HO 1 3a oLeHKa TeXecTTa 1 nocpea-
CTBOM aopTorpadusi, Npyn KOATO BU3yasiHO Ce OLEHsIBa
KOHTpacTupaHeTo Ha J1K. N3paBHABaHETO Ha HACUTEHOCT-
Ta Ha KOHTpacTMpaHe Ha kamepara 1 aopTara, Unm Hanu-
UYMETO Ha MO-AbIrO 3a4bpXKall, Ce KOHTpacCT B kamepara,
€ KpuTepuii 3a BucokocteneHHa AP (cour. 2). TexxecTTa Ha
AP ce oueHsiBa Han-g0obpe B npoekumsita Ha RAO. LAO
npoekuysiTa € Har-gobpa 3a oueHKa Ha Bb3xodsluata
aopTa, aopTHaTa Abra 1 cbaoBeTe Ha abrata. lNpoueny-

important when deciding on the volume and type of
follow-up treatment [28].

The aortic pressure curve, in invasive mea-
surement, is gradually smoothed until the dichroism
corresponding to the moment of aortic valve closure
is erased. This is due to the fact that in severe AR
there is virtually no such closure. The presence of
constant blood flow through the aortic valve leads
to a change in the cardiac cycle — there is no period
of isovolumetric contraction and isovolumetric
relaxation. Cardiac catheterization allows not only
to quantify the changes in pressure in AR, but
also to assess the severity and by aortography,
which visually assesses the contrast of LV. The
equalization of the contrast intensity of the ventricle
and the aorta, or the presence of a longer-lasting
contrast in the ventricle, is a criterion for high-grade
AR (Fig. 2). The severity of AR is best assessed in
the RAO projection. The LAO projection is best for
assessing the ascending aorta, aortic arch, and arc
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paTa ce OCbLLECTBSIBa Ype3 eHeprnyHu nxekummn ¢ 40 oo
60 mL koHTpacT. CkopocTTa Ha doperimoBeTe OT 15 Kagb-
pals e goctarbyHa [29-33].

3AKNIOYEHUE

B knuHu4HaTa npakTuka nauneHTuTe guarHoctu-
LUMpaHM C BUCOKOCTEMNEHHAa aopTHa peryprutauust umat
BMCOKa 3a00MneBaeMoCcT Y CMBbPTHOCT, KOETO Noayep-
TaBa cepuo3HaTa MNporHo3a Ha 3abonsBaHeTo. 3a
TOBa OT W3KITKOYMTENHO BaXXHO 3HAYeHMe e npaBurHa-
Ta oLeHKa Ha TeXeCTTa Ha KnanHoTo yBpexaaHe C He-
MHBA3MBHUN N MHBaA3VBHWN MeTOON. meyprvaa, KOATO
HamansBa CbpAedyHaTa CMbpPTHOCT TpsibBa ga ce 06-
MUCNM He3abaBHO NMPU NaLUEHTU C BUCOK PUCK.

He e deknapupaH KOHGIUKmM Ha uHmepecu
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