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Llenb: cucTemaTtm3npoBaTb NpeacTaBneHHble B IMTepaType CBEAEHWS O HOPMaibHOM aHAaTOMMK N1eBOrO YLKa cepaua (/1YC) yenoseka u Bbis-
BWUTb aHAaTOMWYecKue 0CODEHHOCTU, KOTOpble B COBOKYMHOCTU GOPMUPYIOT aHaTOMUYECKME MATTEPHbI BbICOKOTO PUCKa KapAWOTeHHOW NaTonornu:
MepLaTesibHoM apuTMum, Tpomb0o308 JTYC, TPoMB03IMBONNYECKMX MHCYNbTOB. MHDOPMALMOHHbIN NoucK 3a nepuog 2014-2024 rr. npoBeAgH cpean
YpHanbHbix cTateit 8 PubMed no kntoyesbim cnosam «left atrial auricle», «left atrial appendage», «anatomy», 8 e-library — no kiouesbim ciosam
«N1eBoe YLLUKO CepALa aHaTOMUA» U «YLIKKM cepala neBoe npeacepaune». Kputepumn BKAOYEHUA: 0630p UAKM OPUTMHANbHAA CTaTba No aHaTomuu J1YC.
McKkntoueHbl CTaTby MO @) aHaTOMUKM CepaLa Y AeTel Uau NAosA0B, 6) aHaTOMUK KUBOTHBIX, B) KNIMHUYECKMM acrekTam, r) aHOManuam cepaua, i) me-
TOAMYECKMM BOMPOCAM.

CyLwecTByeT Ba NoaxoAa K onucaHuto dopmbl JIYC: 0a41H OCHOBAH Ha Konnyectse goneit JIYC, Apyroit — Ha conoctaenermnmu JIYC ¢ Npou3Bo/IbHbIM
06bEKTOM N0 CYGBEKTUBHBIM KpUTepUaM. B pamkax BToporo nosgxofa Hanbonee pacnpocTpaHeHa Knaccudumkaumsa Wang Y et al (2010), no kotopotit
BbigenaoT J/IYC B dopme «KypyvHOTO Kpbiiay, KKaKTyca», «LBETHOM KanycTbl» U «BeTpoyKasaTens». He obHapyxeHo paboT, B KoTopbix dopmy N1YC
OLLEHMBANM Obl, UCXOAA U3 0OBEKTUBHBIX KPUTEPUEB.

B cTaTbe NpoaHann3MpoBaHbl BHELHWE U BHYTPEHHWE pa3mepsbl JTYC, ero 06bEM, pasmepbl yCTbA, ONWCaHbl ero IokaabHas Tonorpadus v BHy-
TpeHHuit penbed. Y naumneHTos ¢ dubpunnaumeit npeacepauit (®r), rpom6o3om NYC M/Man MHCYNETOM B aHAMHESE 3TO YLLIKO COCTOMUT U3 HECKO/IbKMX
fonen, umeet Gopmy, OTAMYAIOLLYIOCA OT «KYPUHOTO Kpbina» (non-chicken wing), yatue Bcero — Gopmy «LIBETHOM KanyCTbl» UM KHAKOHEYHWMKA CTpe-
Nbl», UMEET KpyrnHble Tpabekynbl U oBanbHoe ycTbe. 06bEM JIYC B 1,4-1,7 pasza 60/blue HOPMATUBHbBIX 3HaYeHWIt; 06bEm bonee 9,99 mn cumTaeTca
NpeanKTopoM pekyppeHTHoN OI1. BbileyKkasaHHas MaToNorMA accoLMMpoBaHa C yBEMYEHWEM [TyOUHbI YLIKA W NIOWAAM ero noBepxHocTu. Het
[aHHbIX 0 BAMAHUK PI1, TPOMB030B YLLKa, NepeHeCcEHHOrO MHCY/IbTa Ha BHELUHWE pa3mepbl M TONOrpaduio yLLKa.

Kntouesble cnosa: aHamomusa cepdua, sesoe npedcepoue, esoe ywKo cepoua, pubpunnayus npedcepouli, mepyamenbHas apummus.
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Objective: The objective of this study is to systematize the information available in the literature regarding the normal anatomy of the left atrial
appendage (LAA) in humans and to identify the anatomical features that contribute to high risk for cardiogenic complications, such as atrial fibrillation,
LAA thrombosis, and thromboembolic strokes. An information search was conducted on journal articles from 2014 to 2024 using PubMed with the
keywords "left atrial auricle", "left atrial appendage”, and "anatomy", as well as in an eLibrary with the keywords "anatomy of the left auricle of the
heart" and "the left atrial appendage". The inclusion criteria focused on review or original articles specifically addressing the anatomy of the LAA.
Articles related to a) heart anatomy in children or fetuses, b) animal anatomy, c) clinical aspects, d) heart anomalies, and e) methodological issues
were excluded from consideration.

Two primary approaches exist for describing the LAA shapes: one is based on the number of lobes. At the same time, the other relies on subjective
comparisons with arbitrary objects. The most common classification under the subjective approach, as proposed by Wang Y et al (2010), identifies LAA
with shapes likened to a "chicken wing", a "cactus", a "cauliflower", or a "windsock". However, no studies were found that examined the shape of the
LAA using objective criteria.

This article examines both the external and internal aspects of the LAA, including its volume, ostium (orifice) size, topography, and internal wall relief.
In patients with atrial fibrillation (AF) complicated by LAA thrombosis or a history of stroke, LAAs are typically multilobed, take on a shape distinct from
the "chicken wing" (often resembling "cauliflower" or "arrowhead"), and exhibit extensive trabeculations and an oval orifice shape. The volume of
these LAAs is 1.4 to 1.7 times greater than normal, with a volume exceeding 9.99 ml being considered a predictor of recurrent AF. The formation of a
thrombus in the LAA is linked to an increase in the depth and area of the LAA. However, there is currently no data available regarding the impact of AF,
LAA thrombosis, or stroke on the external dimensions and topography of the LAA.
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BBEAEHMUE

Nesoe ywKo cepaua (NYC) npeacrasnset coboit 060c06NEHHYIO
OT neBoro npeacepaus (/M) LONONHWUTENbHYIO KaMEPY, PACTONOKeEH-
HYIO MEXAy nepeaHein U natepanbHoi cteHkamu Tena /M [1, 2]. 3a
CYET BbICOKOW CTeMeHW NoAaTIMBOCTU cTeHoK JIYC perynvpyeT aas-
NeHue Ha cteHkm JIMN npu ero remoguHammyeckoii neperpyske. Mpu
CMHYCOBOM pUTMe cepaua ansa IYC xapakTepeH YeTbipéxdasHblit Kpo-
BOTOK B BUAE [BYX CMEHAOLLMX APYT ApYra LMKI0B ONyCTOLIEeHNA-Ha-
noNHeHua ywkKa [3, 4]. CnoxHas MHorodasHas remoanHammuka J1YC
BO MHOroM peanusyetca 6narogapa ocobeHHocTAM ero mopdonorum.
NIYC aBHO otamyaetca ot Tena /1M no BHEWHUM aHAaTOMMUYECKUM Nna-
pameTpam: UMeET Npuuyaansyto dopmy, BaprabenbHoe NonoxKeHue,
€ro CTEHKM OT/IMYAIOTCA OT CTEHOK MPEeACepAnin CNOKHBIM BHYTPEH-
HUM penbedom, 6e3MbILLIEYHBIMM U TUMOMYCKYNAPHBIMM YYaCcTKaMM.
M3BuTble 1 rybokue mexTpabekynapHble npocTpaHcTea J1YC B coue-
TaHWUM C ONpeseNEHHbIMM BapUaHTaMM NOOKEHUA YLLK, ero pasme-
poB, GopMbl €ro Tena M ycTbA CO3AALOT YCN0BUA AN 3aCTOA KPOBU,
bopmmMpyLOT TPOMB03IMBONOTEHHbIE aHATOMMYECKME NATTEPHDI.

Pa3nnyHble acnektbl aHaTomuun JIYC u3noxeHbl B 60/1bLIOM
Konuuectse NybaMKaLmMiA, HO 3TV NyBAUKaLMKM Pa3pO3HEHHDI, @ AaH-
Hble Pa3HbIX aBTOPOB YaCTO NPOTUBOPEUMBLI. B eAMHUYHbIX 0630pax
Nno aHaTOMUW NPeACepAUi He caenaH akLUeHT Ha KAMHUYECKM 3Haun-
MbIX acneKTax CTPYKTYPHOM OpraHu3auuu, YTo He No3BONAET TPaHC-
JIMPOBaTb 3TW CBEAEHMUA B KAMHUYECKYIO NpakTUKy [5]. Kak nokasan
MHOOPMALMOHHDBIN NOUCK, 3a NOCAeHWe AecATb NeT onybaMKoBaHbI
TPU Hay4HbIX 0630pa, B KOTOPbIX B TOM UM UHOW CTENEHM OCBELLEHDI
BOMPOCHI KAMHMYecKol aHaTomuu JTYC [6-8]. O630pHbIe CTaTby, B KO-
TopbIx aHaTomuA JTYC 6bina 6bl paccMOTPEHA B COMOCTaBNEHUM C 0CO-
6eHHocTamuM JTYC npum ero Tpomb03ax, HaaKeNnya04uKoBbIX apUTMUSX,
MHCyNbTax, Npy MHGOPMALIMOHHOM NOUCKE He OBHaPYKEHbI.

Mexay Tem, HeobX0AMMOCTb CUCTEMATU3ALLMM CBEAEHUI O HOP-
Ma/ibHOW (TMNOBOW M BapuaHTHOM) aHaToMuK J1YC ¢ 0cobbIM BHUMa-
HUEM K KIMHWUYECKM 3HAYVMMbIM acrneKTam O4YeBUHa, B CBA3M CO CTa-
6WNIbHO BbICOKMM YPOBHEM CepAEYHO-COCYAMCTON 3aboneBaemocty,
B CTPYKType KOTOPOM Cpesy MPUUUH CMEPTU IMANPYIOT UHCYNbTbI U
HapyweHus putma cepaua. Okono 90% Tpomb03ImM600B, OKKIO3N-
pytoLmx apTepum BonbLIOro Kpyra KpOBOOOpPaLLLEHMA Y NPUBOAALLMX
K MHCyNbTY, 0bpasytotca B N1YC [4, 8].

LLENb UCCNEAOBAHMUA

CMCTEMATV3MPOBaTb NPeACTaBAeHHbIe B IMTEPATYpe CBEAEHUS
0 HOpMasibHOM aHaTomum JTIYC YenoBeKa v BbIABUTb aHAaTOMUYECKME
0COBEHHOCTH, KOTOPbIE B COBOKYMHOCTM GpOPMUPYHOT aHaTOMUYECKM1e
naTTepHbl BbICOKOTO PUCKa KapAuoreHHoi natonoruu: O, Tpombo-
308 J1YC, TpOM603MBONNYECKUX UHCYNBTOB.

MATEPUAN U METOAbI

MHPopMaLmOHHbIA nonck nposenéH B elibrary u PubMed B
utone 2024 ropa TONbKO CPefu KypHasbHbIX CTaTel, onybanKoBaH-
HbIX ¢ 2014 roga v nosgHee. B elibrary BbinonHAAM ABa NOWCKA, KO-
TOpble BbINONHANNCH C Y4ETOM MOPPONOrUM U PAa3ANYAUCL TONbKO
MOWCKOBbLIMM BbIPasKeHUAMM: «N1eBOE YLWIKO cepaua aHatomua» (no-
nck 1; 11 ccblNoK) M «yLWKK cepaua nesoe npeacepave» (Mouck 2;
154 ccbinku). Mocne 06beanMHEHUA PE3YNbTaTOB U yaaNeHus ayonu-
KaToB ocTanoch 155 cebinok. Yntanoch HazBaHWe Kax Ao HaaeHHoOM
cTaTbu. Ha 3TOM 3Tane cTaTbsl UCKAIOYanachb U3 NOAOGOPKM, ECIU OHa
COOTBETCTBOBAsA XOTA Obl OAHOMY M3 CredyloLmX KpuTepues: bbina
MOCBALLEHA UCK/TIOYNUTENBHO @) aHAaTOMUM CepALa Y N/I0A0B Ye/I0BeKa
WK y aeTeit, 6) aHaTOMUK KMUBOTHBIX, B) KNMHUYECKMM acneKTam, T)
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INTRODUCTION

The left atrial appendage (LAA) is an additional chamber
separated from the left atrium (LA) and located between the an-
terior and lateral walls of the LA body [1, 2]. Due to increased
compliance, the LAA regulates the pressure on the LA walls
during hemodynamic overload. The four-phasic pattern of the
LAA blood flow at sinus rhythm consists of two alternating cycles
of emptying and filling the LAA [3, 4]. The complex multiphase
hemodynamics of the LAA derive mainly from the peculiarities of
its morphology. The LAA has distinct external anatomical features
that set it apart from the LA. It possesses a complex and variable
shape and position, along with a complicated network of trabec-
ulations — prominent muscle ridges that are more intricate than
those found in the rest of the LA. Additionally, the walls of the
LAA contain areas that are either muscleless or hypomuscular.
The tortuousness of LAA anatomy and the deep intertrabecular
recesses of the LAA walls, coupled with variations in the LAA po-
sition, size, shape, and orifice, create conditions that favor blood
stasis and form thromboembolic anatomical patterns.

Various aspects of the anatomy of the LAA are discussed in
numerous publications; however, these works are scattered, and
the findings of different authors frequently conflict. In individual
reviews of the anatomy of the atria, there is an insufficient em-
phasis on clinically significant structural aspects, which limits the
translation of this information into clinical practice [5]. Recent
information searches reveal that over the past decade, three sci-
entific reviews have been published that cover aspects of the clin-
ical anatomy of the LAA to varying degrees [6-8]. Review articles
that compare the anatomy of the LAA with its features in throm-
bosis, supraventricular arrhythmia, and strokes were not found in
the information search.

Meanwhile, the need to systematize information on the nor-
mal (typical and variant) anatomy of the LAA, with special atten-
tion to clinically significant aspects, is evident due to the consis-
tently high level of cardiovascular morbidity, which sees strokes
and heart rhythm disturbances as leading causes of death. Ap-
proximately 90% of thromboemboli that occlude arteries in the
systemic circulation and lead to stroke are formed in the LAA [4,
8].

PURPOSE OF THE STUDY

To organize the information in the literature on the normal
anatomy of the human LAA and to identify the anatomical fea-
tures that together create patterns indicating a high risk of car-
diogenic complications such as atrial fibrillation (AF), LAA throm-
bosis, and thromboembolic strokes.

MATERIAL AND METHODS

in July 2024, an information search was conducted in the
eLibrary and PubMed, focusing solely on journal articles pub-
lished since 2014. Two searches were performed in the eLibrary,
focusing on morphology and differing only in their search phras-
es: "left atrial appendage anatomy" (search 1; 11 hits) and "car-
diac auricles left atrium" (search 2; 154 hits). After combining the
results and removing duplicates, 155 references remained. Each
article title was read, and any article was excluded from the se-
lection if it met at least one of the following criteria: it focused
exclusively on a) the anatomy of the heart in human fetuses or
children, b) animal anatomy, c) clinical aspects, d) cardiac anom-
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aHOMaNMAM cepaLa Uaun f) HoCUNa METOAMYECKWIA XapakTep. Mocne
McKNtoueHns 145 ctatelt octanoch 10, y Kaaoi U3 KOTopbIX YMTanoch
pestome. Mocne NPUMEHEHUA TeX e KPUTEPUEB UCKNIOUeHUA Bblan
NpW3HaHbl peneBaHTHbIMK 6 cTaTel.

B PubMed BbinonHan0oCb ABa NOMCKa No Bcem nossm. Mowck 1
BbINO/IHEH o BbipaxkeHuto ((left) AND (atrial)) AND (auricle), npu atom
6bin10 HaligeHo 48 cTateld. Mownck 2 npoBeaéH no BbipaxeHuto (((left)
AND (atrial)) AND (appendage)) AND (anatom), HaitaeHa 791 cTaTbA.
Mocne 06beAMHEHWA Pe3yNbTAaTOB NOUCKA U UCKKOUYEHNs Ay6aMKaTOB
Ha OCHOBAHMW YTEHWA Ha3BaHW U NMPUMEHEHWA TEX e KpUTepues
WCK/IOYEHUS, KaK 1 Npu nowcke B elibrary, peneBaHTHbIMM MPU3HaHbI
38 cTaTei, Ha CneayroLLEM 3Tane U3 HUX UCK/TK0YEHb! 6 MO CeayoLWMM
NpUYMHAM: HET pe3tome (0AHa), OTHOCUAMCH K KaTeropuu «NekLma»,
«TMCbMO B PeaKLMIO», «ONMUCaHWe CnyYan» (No oAHOM), HepeneBaH-
TEH NOJHbIN TeKcT (aBe). OKOHYATENbHO B CMIUCOK IMTEpaTypbl, UC-
NoAb30BaHHbBIN ANA HacToAwwero 063opa, BowAM 44 UCTOYHMKA. ITO
32 cTaTbM, UHAEKCUPOBAHHbIE B PubMed, 6 cTaTei, MHAEKCMPOBaH-
Hbix B eLibrary, He paHee 2014 roga nyb6aunKaLmu, @ TakXKe K HAM Bblin
[06aBneHbl 6 UCTOYHUKOB M3 MpucTaTeliHon bubnaunorpadum, cpeam
KOTOPbIX OAHa [MaBa B MOHOrpadum no aHatomuu cepaua (2023 r.) u
TPU opurMHanbHble ctatbi (1997, 2010 1 2013 r), coaepsKaLime KoH-
LienTyaNnbHble OCHOBbI HAay4YHOI NPobaembl faHHoOro 063opa.

M3 yero cocTouT neBoe ylWKO cepaua?

BonbWMHCTBO UccnenoBaTeneit Boigenuno y J1IYC Teno, wemky
1 BEPXYLUKY WM KOHYMK (tip) [1, 5, 9]. LWeiika npeacrasnseT coboit
coepguHeHve mexay JIYC n tenom /MM, NonocTbio WeENKK ABAAETCA
ycTbe JTYC [10]. HekoTopbie aBTopb! Bbiaennam 1eno JIYC, Ho TepMUHY
«leka» npeanoynn «ocHosaHue» [11]. B 063opHoi ctatbe [5] N1YC
pa3zeneHo Ha Teno v nepeLleek, yNoMAHYTO YCTbe ylKa. [pyrue as-
Topbl pasgenvan JIYC Ha gBe YacTv: NPOKCUMANbHYIO U AUCTANbHYIO
[12]. MpoKkcmanbHas YacTb OrpaHMYeHa YCTbeM YLIKA U UMeEeT rag-
Kne KOHTYpbl, NPOCTUPAETCA OT ero SIEBOrO Kpas, KOTOPbIN HaxoanT-
cA BB/IM3M YCTbA NEBOV BEpPXHeW NéroyHol BeHbl (/1B/1B), fo nesoro
npeacepaHO-*KeNyL0YKOBOr0 OTBEPCTUA. [UCTaibHAA YacTb HauMHa-
€TCA OT KOHL,A NPOKCMMAsIbHOM YacTu, OKaHYMBaeTCa BepxyLwKol J1YC
[13, 14]. Mo MHeHMIO HeKoTOpbIX UccnepoBaTenelt Teno NYC aenntcs
Ha WerKy 1 gonn. MpoaHaM3MpPoBaB KOMMbIOTEPHbIE TOMOTPaMMbl
(KT), aBTOpbl onpesennnn WenKy Kak yCeYEHHbIA KOHYCOObpa3HbIit
KaHas1, KOTOPbIN OrpaHUYEH NPOKCMMANbHO ycTbem JTYC 1 AncTanbHO
Havanom Aonu (BXoAOoM B Heé), u pasgenunu wweiiky JIYC Ha YeTbipe
MOBEPXHOCTU: BEHO3HYIO (MPUNEXUT K ycTbio JIB/IB), aopTanbHyto (K
NeBOMY aOpTalbHOMY CUHYCY KOPHA aOpTbl U 1IEBOI BEHEYHON apTe-
pvK), apTepuranbHyto (conpukacaetca ¢ 1esoit ornbatoLLei apTepueit)
1 cB0BOAHYIO (MeXay BEHO3HOW M apTepuanbHOM NOBEPXHOCTAMM)
[15].

BHewHee cTpoeHue 1 popma J1YC onpesenatoTca KoNMYecTBOM
[0Nei 1 BO B3aMMOCBSA3M C €ro BHYTPEHHUM pesibepoM OTHOCATCA K
YMC/IY BaKHEWLUMX aHAaTOMMYECKMX (AKTOPOB, LETEPMUHMPYHOLLMX
TpomboobpaszosaHue B /IYC [1, 8, 16]. lons /IYC Ha KT BMAHA KaK Bbl-
CTYN WUPUHON U ryBUHON He MmeHee 1 cM B COOTBETCTBUM C Npesso-
KeHHbIMM KpuTepuamu [17]. Mog goneit IYC NOHUMANM ero 0CHOB-
Hble «CerMeHTbI» Wan nonactv [18]. OgHMM M3 OCHOBOMOMAraOLLMX
MCCNes0BaHUIA, KOTOPbIE NIEMN B OCHOBY KaaccuouumposaHus 1YC,
ABMAOCb uccneposarune Veinot J et al (1997), BbinosHeHHOe Ha Ma-
Tepuane 500 npenapaToB cepAlia U OXBaTMBLLEE BCE NEPUOAbI MOCT-
HaTaNbHOrO OHTOreHe3a 4yenoseka. ABTOpbI onpeaennnn gonto J1IYC
no cieayowmm Kputepuam. A) Lona npeacrasisana coboi ABHO 3a-
METHbI BbICTYN U3 OCHOBHOrO Tpy64aToro Tena J1YC, v 06bl4HO Bbina
OrpaHvyeHa BHelWHel CKnagKoii. b) lons — 310 He Kycouek KUpoBOM
TKaHW, 3aMETHbIV CHapYKKU, OHa MMEET NOIOCTb, B KOTOPYHO U3HYTPK

alies, or e) had a methodological nature. Following this exclusion
process, 145 articles were removed, resulting in 10 remaining
articles. The abstracts of the remaining articles were then re-
viewed, and after applying the same exclusion criteria, six articles
were deemed relevant.

Two comprehensive searches were conducted in PubMed.
Search 1 used the expression ((left) AND (atrial)) AND (auricle),
which returned 48 articles. Search 2 utilized the expression (((left)
AND (atrial)) AND (appendage)) AND (anatom), yielding 791 arti-
cles. After combining the search results and excluding duplicates
by reviewing the ftitles, the same exclusion criteria from the eLi-
brary search were applied, resulting in 38 relevant articles. Out of
these, six articles were excluded for the following reasons: one
article had no abstract, one fell under the category of "lecture",
one was a "letter to the editor", one was a "case report", and
two had full texts that were irrelevant. The final list of references
used for this review consisted of 44 sources: 32 articles indexed
in PubMed, six articles indexed in the eLibrary (published no ear-
lier than 2014), and an additional six sources from the reference
list. These included one chapter from a monograph on cardiac
anatomy (2023) and three original articles (from 1997, 2010, and
2013) that provided foundational concepts for the scientific issue
addressed in this review.

What does the LAA of the heart consist of?

Most researchers have identified the LAA ostium, neck,
body, and apex [1, 5, 9]. The orifice extends into the neck region,
and the neck serves as the connection between the LAA and the
body of the LA [10]. Some authors have recognized the body of
the LAA but favored the term "base" over "neck" [11]. In a re-
view article [5], the LAA is categorized into the body and isthmus,
with the LAA orifice also mentioned. Other authors have divid-
ed the LAA into two portions: proximal (LAAp) and distal (LAAd)
[12]. The LAA neck is bounded proximally by the LAA orifice. LAAp
has a smooth endocardial contour, extending from its left edge
near the orifice of the left superior pulmonary vein (LSPV) to the
left atrioventricular (mitral) orifice. LAAd begins at the end of the
proximal portion and extends to the LAA's apex [13, 14]. Accord-
ing to some researchers, the body of the LAA is segmented into
a neck and one or multiple lobes. After analyzing computed to-
mograms (CT), the authors defined the neck as a truncated cone-
shaped channel, specifically the area between the orifice of the
left atrial appendage (LAA) and the origin of the LAA lobe. They
divided the LAA neck into four surfaces: venous (adjacent to the
ostium of the LSPV), aortic (adjacent to the aortic root), arterial
(adjacent to the left circumflex artery), and free (lying between
the venous and arterial surfaces) [15].

The number of lobes determines the external morpholo-
gy and shape of the LAA and, along with its internal relief of the
walls, is among the most critical anatomical factors influencing
thrombus formation in the LAA [1, 8, 16]. The proposed criteria
define an LAA lobe as a visible outpouching from the LAA that
measures at least 1 cm in width and depth on CT imaging [17].
The lobe of the LAA is considered its primary component [18].
One of the fundamental studies that laid the groundwork for the
classification of LAA was conducted by Veinot J et al (1997), which
analyzed 500 normal autopsy hearts obtained from subjects from
each decade of life. The authors defined the LAA lobe based on
the following criteria: (1) It was a noticeable outpouching from
the main tubular body of the LAA, typically marked by an external
crease. (2) It was capable of accommodating a 2-mm probe inter-
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MOYHO BBECTW 30HA, AMAMETPOM He MeHee ABYX MUANMMETPOB. B)
[Jlons 0bbI4HO CBA3aHA C M3MEHEHWEM HanpaBAeHWA OCHOBHOIO Tpy6-
yatoro «Tena» JIYC. I) [Jons MOXKET HaxoauTbCA B APYroi MaoCKoCTH,
yem «Teno» NIYC. A1) YC fonKHO UMeTb Kak MUHUMYM OZHY ZOJH0.
Takoe /TYC BbIMAAUT Kak «TpybyaToe Teno ¢ Tyno 3aKaH4YMBatOLWMMCA
MeLLKom» [19]. ABTOpPbI JAHHOM CTaTbW B OAHOM W3 UCCIEA0BAHWIA rpa-
HULAMK mexay gonamu JIYC cumtanm Bbipesku Ha Kpasx JIYC, mybuHa
KOTOpbIX Bbla He meHee 1/3 WrpKMHbI yLLIKa B MeCTe I0Ka13aLmK Bbl-
pesKku. Ecam BbIpe3oK He 6bin0, JIYC cuntanm ogHogonesbim [20].

Konuuectso gonei

Konnuecto poneit IYC, Kak NpaBuno, He NpesblwaeT TPEX [8,
18, 20]. B ogHoi1 13 paboT nokasaHo, 4To oaHa Aons bbina B 50,8%,
ase —841,1% v Tpy ponu — B 8,1% cnydaes [17]. Yawle Bcero BcTpeya-
nncb asyxgonesble JIYC [20, 21]. He obHapy:keHo NTYC ¢ YeTbipbma L0-
nAMK unm bonee [17], Ho ynoMnHaHusA o YeTbipéxaonesbix J/IYC ecTb B
nutepatype [4, 8]. B ogHOM U3 nccneaoBaHMi 6bi10 BblAENEHO YeTbl-
pe ™1na J1YC no HanpasneHuto foneit. Yaue Bcero (B 56%) BcTpeyancs
N 1 (54% y MyxuuH, 61% y keHwwwmH). Mpu atom Trne NYC umenu
[BE€ [0/ NPOKCUMANbHYIO W AWCTanbHYyto. MpoKCcMManbHaa fona
6blna 6onee KpynHoM (LOMMHAHTHOM), HanpaBAsiach BNepés u na-
TepanbHo, AWCTaNbHAA A0NA OblAa Mesbye, HaNnOMUHaNA CY}KEeHHYI0
TPy6OoUKy C 06palLEHHOM BHM3 BepXxyLKoi [12]. B apyrom nccnegosa-
HuK B 54% cnyyaes y JIYC 6binm age fonu, 8 23% —Tpu, B 20% — oaHa v
B 3% —ueTbipe fonm [19]. MpoueHTHOE COOTHOLLEHWE OAMHOUYHbBIX A0-
Nel, ABOVHBIX A0NEN U MHOMKECTBEHHbIX Aonel B KT-uccnenosaHmm
Apyrx asTopos cocTasuno 40,3%, 15,9%, 43,8% [22]. [lByxaonesble
NYC BbisBneHbl B 64,3%, Tpéxaonesbie — B 35,7% cnydaes [18]. B 71,1
% cnyyaes IYC nmeno age ponu, B 21,2% — 1pu gonun, 8 7,7% — ofHy
nonto [20].

Mccneposatensamm ycTaHoOBAEHO, YTO MHorogonesble JIYC 6o-
Jlee XapaKTepHbl AN MYXKYMH, Yem ANa KeHwmH [23]. Mpy npoumnx
PaBHbIX YCNOBUAX GO/blUEe KOMYECTBO [A0Mei acCoLMMPOBaHO C
60nbWwKUM puckom Tpombo3a J1YC [3]. B ogHow 13 paboT msydeHbl KT
485 nauneHTos. U3 H1x y 407 B JTYC He BbIABNEHO HY 3aCTOA KPOBU, HU
TpomboB. OTMeuyeHa TeHaeHUMA K Tomy, 4To JTYC ¢ Tpombamu 1 3acTo-
€M KpOBMW Yallle Mmenu ase unv bonee ponei, Toraa Kak J1YC 6e3 atux
naTosnorui yaule 6biam ogHozonesbiMu (p=0,059) [24]. B apyrom wc-
CNefoBaHUM COMOCTABNEHbI BAPUAHTbI BNageHMs NEroyHbIX BeH B /1M
€ MOPOOMETPUYECKUMM XapaKTEPUCTUKAMM ITUX BEH, NPEACEPAVA U
JIYC. Npu 3TOM NOATBEPKAEHO, YTO TPOMObI MMEHOTCA YaLLle NPU MHO-
rogonesbix JIYC, 4em Npu OAHOLONEBbIX, HO 3TO CMPaBEA/MBO ANA
KNACCMYECKOTO «YETbIPEXYCTHEBOrO» NaTTepHa BrnaAeHUs NEro4YHbIX
BeH [25].

dopma neBoro ywka

®opma /TYC no cpaBHEHMIO C NPaBbIM YLIKOM CepALa ropasgo
6onee nsmeHumBa. JIYC HepeaKo MOXKeT ObiTb «ANMHHBIM, Tpybya-
TbIM, C HECKONBKMMM CYKEHUAMMY [2], UTO COBEPLIEHHO Hexapak-
TepHO ANA NPaBOro ylWKa cepaua. /1IYC onucbIBaloT Kak «Tpybuatyto,
CYMKEHHYI0, KPHOYKOBUAHYIO, NaNbLEBUAHYIO CTPYKTYPY MM KaK pac-
wupeHue Tena /M B Buae KapmaHa (pouch-like)» [12]. BbiaeneHsbl
ZBe pasHosuaHoctu JIYC: B dopme cnomaHHoro nasnbua (73,2%) u
cTyneHbku (26,8%) [18]. MeTogom KT cepaua C HECKONbKUMM feTek-
TOpamu BblsiBNIeHbl Takue TUnbl JTYC KaKk «nogkosa» (1a), «neTywmuHbIi
rpebeHb» (1b), «nanew, pykn» (2a), «Beep» (2b), «kpbiio» (2c), «ropa»
(2d), «kptok» (3), «knuH» (4), «nebeab» (5), «BUAKa» (6), «KonbLO»
(7). Tun 2 (76,6%) 6bin Hanbonee pacnpPOCTPaHEHHbBIM, 33 HUM CNeao-
Banm Tunbl 1 (6,2%) 1 5 (5,5%). Cpeaum 3TUX cemm TUMOB TONKO TUMbI
1a, 3 ¥ 4 HaNOMMHAMMN «A/MHHYIO, TPYOUATYIO, KPIOYKOBATYHO CTPYK-
Typy» [17].
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nally, indicating it was not merely an excess of external adipose
tissue. (3) It was occasionally, but not necessarily, associated with
a change in the direction of the main tubular body of the LAA. (4)
It could be located in a different anatomical plane than the main
tubular body. (5) By definition, the LAA must have at least one
lobe, meaning it consists of a tubular body with a blind-ending
sac [19]. In another study, the authors considered the boundaries
between the LAA lobes to be depressions or indentations along
the edges of the LAA. These depressions should be at least one-
third of the width of the LAA. If no depressions or indentations
were identified, the LAA was considered unilobed [20].

Number of LAA lobes

The number of lobes in the LAA typically does not exceed
three [8, 18, 20]. One study indicated that there was one lobe in
50.8% of cases, two lobes in 41.1%, and three lobes in 8.1% [17].
Two-lobed LAAs were the most common pattern [20, 21]. While
the study did not find any LAA with four lobes, according to Li et
al (2015) [17], the literature acknowledges the existence of four-
lobed LAAs [4, 8]. In one study, four types of LAA were identified
based on the shape of the LAA. Type 1 was the most common
(56%) (54% in men, 61% in women). This type of LAA includes
the proximal and lower-distal lobes. The dominant lobe extend-
ed from the left atrium towards the anterolateral direction. The
distal part is characterized as a narrow tube with its apex facing
down [12]. In another study, 54% of cases involved an LAA with
two lobes, 23% had three lobes, 20% had one lobe, and 3% had
four lobes [19]. The percentages of single lobes, double lobes,
and multiple lobes in the CT study conducted by other authors
were 40. 3%, 15. 9%, and 43. 8%, respectively [22]. Other authors
reported that two-lobed LAA were found in 64. 3% of cases, while
three-lobed LAA were present in 35.7% of cases [18]. In another
study, 71.1% of cases showed that the LAA had two lobes, while
21.2% had three lobes, and 7.7% had one lobe [20].

According to some researchers, multi-lobe LAAs are more
common in men than in women [23]. Generally, having more
lobes is associated with a higher risk of LAA thrombosis [3]. One
study examined CT scans of 485 patients. Of these, 407 showed
no signs of blood stasis or thrombi in the LAA. A tendency was
noted indicating that LAA with thrombi and blood stasis were
more frequently associated with two or more lobes. At the same
time, LAAs without these complications were more often sin-
gle-lobed (p=0.059) [24]. Another study compared the anatomi-
cal variants of pulmonary vein (PV) draining into the LA with the
morphometric characteristics of these veins, the atrium, and the
LAA. It was confirmed that thrombi were more common in mul-
tilobed LAA than in single-lobed LAA, but this applies specifically
to the classical PV pattern (having four normal PV openings) [25].

LAA shape

The shape of the LAA is significantly more variable than that
of the right atrial appendage (RAA). The LAA is often described
as a long, tubular, trabeculated structure that is entirely unchar-
acteristic of the RAA [2]. Generally, LAA is described as a tubular,
narrow, hooked, and finger-like structure or a pouch-like exten-
sion of the body of the atrium [12]. Two types of LAA are distin-
guished: slender, like a crooked finger (in 73.2%), and stump-like
(in 26.8%) [18]. Using MDCT coronary angiography, researchers
identified the following types of LAA:

- Type 1la: Horseshoe

- Type 1b: Cockscomb
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CerogHs Hanbonee pacnpocTpaHeHa KaaccuduKaLma BapuaH-
T0B Ppopmbl JIYC, npeanioxeHHas Wang Y et al (2010). OHa BK/touaeT
B ceba yeTbipe BapuaHTa GOPMbI: KKYPUHOE KPbIIo», «BETPOYKa3a-
Te/by, KLBETHaA KamycTa» 1 «KakTyc» [22]. [pyrie aBTopbl AOMNONHN-
nm eé Bapuantom NYC B dopme «nebeasa» [26]. Kpome Toro, B 04HOM
13 paboT aTa KnaccudmKauma bblna moandMLMPOBaHa M YNPOLLEHa.
ABTOpbl 06bEeAMHMAN BapUaHTbl GOPMbl «KAKTYC» U «BETPOyKasa-
TeNb» B O4HY PasHOBMAHOCTb — KHAKOHEYHMK CTpenbl» (arrow head).
TakKe y naumeHToB BcTpedanucs N1YC B popme «obpaTHoOE KypuHoe
KPbIN0», KOTOPas XapaKTepM30Baiach TEM, YTO KOHYMK «Kpblia» (auc-
TanbHas gons JIYC) 6bin HanpasieH Ha3ag, v bonee natepanbHo [11].
Mo HawemMy MHeHWo, Knaccudukaumm sapnanTos dopmsbl [11, 26] no
CpaBHeHUIO ¢ Knaccudukaumeii [22] 6onee yaobHbl, HO MOKa OHU He
HaLL/IM NPUMEHEHWA B aHATOMMM U KNMHUYECKOMN NPaKTUKe.

Mo knaccudumKaumm [22] BcTpedaemocTb BapnaHToB popmbl J1YC
6bina cneayoleit: «BeTpoyKkasatenb» — 51,5%, «KypuHOe Kpblio»
— 25,5%, «Kaktyc» — 15,6% v «uBeTHas KanycTta» — 7,4% [27]. Ha Ka-
[aBEPHOM MaTepuane HOPMAsIbHbIX CepaeL, *Kutenei TaliBaHaA pexe
Apyrux BcTpedanucs JTIYC B dopme «KypuHoro Kpbina» (18,5%), pac-
MPOCTPAHEHHOCTb OCTa/IbHbIX TPEX BapMaHTOB Oblfa oAMHaKoBa (Mo
26-27%) [21]. B Typeuroit nonynauum NYC B popme «KypUHOTO Kpbl-
Nay, KaK 1 B TalicKoW nonyiaumm, 6b110 cambim peakum (12%), a vale
Bcero (38%) 6bi10 otmeyeHo J1IYC B dopme «BeTpoyKasaTens» [18].
HaoboporT, B nccnesosaHusax [16, 18, 29] «KypuHoe Kpblno» 6bino
CaMbIM PacnpoCcTpaHEéHHbIM BapuaHToMm ¢opmbl JIYC (48%, 52,2%
1 41,4%, cOOTBETCTBEHHO), B TO Bpems Kak J1YC B popme «LBeTHOI
KanycTbl» BCTPeYanuchb pexe apyrux (3% [16] v 28,4% [29]). CneayeT
3aMeTUTb, YTO 3TN UCCAeA0BaHUA Bbln BbinoaHeHbl Ha KT (B pabote
[28] v Ha MPT) cepaua NaUMEHTOB Pa3HbIX STHUYECKMX TPYNM, HO C
oAHoM Ho3onoruei — @I,

B ogHOM M3 UccnenoBaHuii ¢ ucnonbaosaHvem KT onpesaeneHo
npoLeHTHoe cooTHoLweHWe JTYC y NauMeHTOB C CUHYCOBBIM PUTMOM U
¢ ®MM, npu 3ToM He BbII0 BbIABNEHO PA3IMUMIA MO BCTPEYAEMOCTU Ba-
puaHToB dopm JIYC mexay sTMMK rpynnamu. Y naLumeHTos ¢ CUHYCO-
8biM putmom J1YC B popme «BETpOyKasaTena» BCTpeyanocsh B 61,5%,
B dopme «KakTyca» — B 18,8% cnyyaes. B 10% JIYC HanomMuHanm «Ky-
pVHOE Kpbino», B 9,6% — «LBeTHyto KanycTy» [23]. B apyroit pabote
TaKKe He Bbl10 BbIABNEHO 3HAYUMBbIX PA3ANYNIA B LBYX aHANOTUYHBIX
rpynnax [30].

BONbLWMHCTBO UCTOYHMKOB CBUAETE/ILCTBYET, YTO CaMOM TPOM-
60ambonoreHHon aensetca JIYC B popme «LBETHOW KanycTbi». Hao-
60pOT, YLWKO B pOpMe «KYPUHOTO KPblaa» Mo CPaBHEHUIO C OCTaslbHbI-
MK BapuaHTamu («non-chicken wing») accoummMpoBaHO C MEHbLUNM
puckom Tpomboambonuii [9]. IYC B dopme «KypUHOrO Kpblaa» ac-
COLMMPOBAHO C BEPOATHOCTbIO 79% YMEHbLLEHWUS PUCKA OCTPOW U
TpaH3MTOPHOW Mwemmnyeckol ataku (OLW 0,21; AWM 95% 0,05-0,91;
p=0,036). Mo cpasHeHuto ¢ obnagatenamu JIYC B popme «KyprHOro
Kpblna» y nauneHTos ¢ JIYC B dopmMe «KaKTyca», «BeTpoyKasaTensa»
M «LLBETHOM KanycTbl» PUCK MHCyNbTa Bo3pacTan B 4,08, 4,5 u 8,0 pa3
COOTBETCTBEHHO [1].

ABTOPbI OAHOMO W3 MccnedoBaHuit usyunnm KT 485 naupen-
T0B, U3 HUX y 407 B JIYC He BbISBNAEHO HM 3aCTOS KPOBM, HU TPOMOOB.
3acToit KpoBu ¥ TpomboobpasosaHue B /IYC Hanbonee yacto HbiaU
oTmeudeHbl Npu JTYC B Gopme «KaKTyca» M «LBETHOW KanycTbl». JIYC
B GOpMe KKyPUHOTO Kpblia» BCTPEYANOCh MPU 3acTOe KPOBU /IULLb B
8,6%, v npu Tpombax B ywKe — B 11,6%, Toraa Kak B JIYC 6e3 3Tvx na-
TONOrUIA Takyto GOPMY PErMcTPUPOBAM 3HAUUTENBHO Yalle, B 36,6%
[24]. Y naumeHToB ¢ JTIYC ntoboi Gopmbl, KPOME KKYPUHOTO Kpbinax,
6bi1 0TMeYeH Bonee BbICOKUIA TpOMbBOreHHbIV Haeke (O 2,48; AN
95% 1,05-5,86; p=0,043). ¥ 50 naumeHToB Cc TpoMbamu B JTYC dpopma
«KYPUHOTO Kpbina» Bblna oTmeyeHa nwb B 14% cnyyaes. Mpumeya-

- Type 2a: Hand-finger

- Type 2b: Paper fan

- Type 2c: Wing

- Type 2d: Mountain

- Type 3: Hook

- Type 4: Wedge

- Type 5: Swan

- Type 6: Fork

- Type 7: Ring

Type 2 was the most prevalent (76.6%), followed by types
1 (6.2%) and 5 (5.5%). Among the 7 types and 6 subtypes in the
classification, only type 1a, type 3, and type 4 have a morphol-
ogy similar to "a long, tubular, hooked structure", and the most
prevalent type (type 2) is anything but "a long, tubular, hooked
structure" [17].

Today, the most common classification of LAA form variants is
that proposed by Wang Y et al (2010). It includes four shape vari-
ants: "chicken wing", "windsock", "cauliflower", and "cactus" [22].
Other authors supplemented it with a "swan" variant of the LAA
[26]. Additionally, in one study, this classification was modified
and simplified by combining the "cactus" and "windsock" variants
into a single variety, known as "arrowhead". Furthermore, among
chicken wing LAAs, a reversed chicken wing subtype may be fur-
ther distinguished (the tip of the wing is directed posteriorly and
more laterally) [11]. The classification of form variants is more con-
venient than morphological classification; however, it has not yet
been applied in anatomy and clinical practice.

According to the LAA classification by Wang Y et al [22], the
incidence of LAA shape variants is as follows: "windsock" —51.5%,
"chicken wing" — 25.5%, "cactus" — 15.6%, and "cauliflower" —
7.4% [27]. In normal hearts of cadaver material from Taiwanese
residents, LAA in the form of a "chicken wing" was the least com-
mon (18.5%), with the prevalence of the other three variants be-
ing the same (26-27% each) [21]. In the Turkish population, LAA in
the form of "chicken wing," similar to that in the Thai population,
was the rarest (12%), while LAA in the form of "windsock" was
noted most frequently (38%) [18]. In some studies, the "chicken
wing" variant of the LAA was the most common form, appearing
in 48%, 52.2%, and 41.4% of cases, respectively [16, 18, 29]. In
contrast, occurrences of "cauliflower" LAAs were less common,
reported at 3% by Di Biase et al (2018) [16] and 28.4% by Batko
et al (2022) [29]. These studies were conducted using CT scans
and MRIs of the hearts of patients from various ethnic groups, all
diagnosed with AF [28].

One study using CT scanned the LAA in patients with sinus
rhythm and AF, finding no differences in the occurrence of LAA
shape variations between these groups. In patients with sinus
rhythm, the "windsock" LAA was observed in 61.5% of cases,
while the "cactus" LAA was seen in 18.8% of cases. In 10% of cas-
es, the LAA resembled a "chicken wing," and in 9.6%, a "cauli-
flower" [23]. Another study also found no significant differences
between the two similar groups [30].

Most sources indicate that the most thromboembolic shape
is the "cauliflower" LAA. Conversely, the "chicken wing" shaped
LAA is considered less likely to be thromboembolic than the other
non-chicken wing variants [9]. The "chicken wing" LAA is linked to
a 79% reduction in the risk of acute and transient ischemic attack
(OR 0.21; 95% Cl 0.05-0.91; p=0.036). Compared to patients with
the "chicken wing" LAA, those with the "cactus", "windsock", and
"cauliflower" LAA had a 4.08-, 4.5-, and 8.0-fold increased risk of
stroke, respectively [1].
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Te/IbHO, YTO CPeAM OCTaNbHbIX TPEX BapuaHToB Gopmbl Npeobnasan
«BeTpoyKasatenb» (31 u3 50; 62%) [27]. Y nauMeHTOB KUTAMCKOM No-
nynauumn ¢ O, nepeHécMX PafMoYvacToTHyO abnaumio, AOKA3aHo,
yTO BapuaHTbl dopmbl JIYC, Kpome «KypuHOro Kpbina» («non-chicken
wing»), ABAAANCH 3HAYUMbIMK NpeauKTopammn uHcynbTa (O 5,82;
95% M 1,61-21,03; p=0.007) [28].

B 60/bWIMHCTBE UCCNEA0BAHMI, BKNOYEHHBIX B CUCTEMATUYeE-
CKMI1 0630p MOKa3aHo, YTO IMOOIMYECKUI MHCYNLT C HeonpeaenéH-
HbIM UCTOYHMUKOM (ESUS) no cpaBHEHMIO C HEIMBOIMYECKUMM UHCY/b-
TaMK perncTpmpoBanca pexe y naupeHtos c JIYC 8 popme «KypuHOro
KpblNa», HEXENN B COBOKYMHOW rpynne nauueHToB ¢ UHbIMK dopma-
mu («non-chicken wing») NYC [31]. Mpwv ogHOdaKTOpHOM aHaM3e [0-
Ka3aHo, YTo U3 TPEX NapamMeTpoB Tosibko popma JTYC bbina accoumm-
poBaHa c yactotoi ESUS: OLL 6,003 ans ESUS (OM 95% 1,225-29,417)
[32]. Opyrue aBTOpbI, AONONHMBLUME KAaccudmKaumio [22] BapuaH-
Tom NIYC B dopme «nebepsa», ycTaHoBUAM, UTo y obnasiaTeneit Takon
bopMbl B aHaMHe3e Yallie BCTPeYaMCh UHCYAbTbI WU TPAH3UTOPHbIE
Ulemmyeckme aTaku Kak npu O, Tak u 6e3 Heé (OLL 3,4; p<0,001)
[26].

Mexay Tem, NOABMAWCH Ny6AMKALIMKM, KOTOpble CTaBAT Nog, co-
MHEHME K/IMHUYECKYID 3HAaYMMOCTb M3meHumBocT dopm JIYC. Mo
pesynsTatam usyyeHua 85 aHaTOMMYECKMX npenapaTos NaLyMeHToB,
YMEPLUMX OT PasHbIX MPUYMH, B T.U. U OT BonesHen cepaua, TPOMObI
B JTYC MaKpOCKOMMYECKM BbiABEHbI B 4 caydasx (Mo ogHomy B 1YC
Kaxgon dopmbl) [22]. MUKpoTpoMbbI, BepUULMPOBAHHbIE TUCTO-
NlornMyecky, obHapyxeHbl B 46 13 85 npenapaTos, cpeay KOTOPbIX
65,2% umenn GopMy «KYPUHOTO Kpblaa», HO 4YacToTa BblfBAEHUA
MWKPOTPOMBOB B 3aBUCUMOCTM OT aHaTommyeckoro Tvna J1YC bbina
HesHauumol (p=0,3) [33].

B ogHoM 13 paboT Tpu uccnegoBatens-cneumanucta KT-guarto-
CTUKM, ABaXKAbl C MHTEPBAZIOM B TPU MeECALQA, HE3aBUCMMO Apyr OT
apyra ouenusanu dopmy JIYC no knaccuoukauum [22] y 2264 nauu-
eHToB ¢ . MexuccneaoBatenbCKoe cornacue coctasuo 28,9% (655
13 2264). Ha Tom MaTepuase, B OTHOLLIEHMM KOTOPOTO BbINI0 LOCTUTHY-
TO NOJIHOE COracue, BbINONHEHO CPAaBHEHWE ABYX rPynn NaLyUeHToB:
C MHCYNbTOM B aHamMHe3e 1 6e3 Hero. V13 mopdonornyecknx napame-
TPOB CPaBHMBANACb YacToTa 3TOW Natosoruu y naumeHTos ¢ JIYC B
dopme «KypuHOro Kpblna» u «non-chiken wing», npu aTom 3HaUMMBbIX
pasnnunii BbiseneHo He bbino. Cpean obnagatenei «KKypuHoro Kpbl-
na» 33,7% (29 w3 86) nepeHecan UHCyNbT, 27,8% He UMEeNU MHCYNbTa
B aHamHe3e (p=0,255). Cpean naumenTtos ¢ NIYC B dopme, oTinyato-
LercA OT «KYPUHOTO Kpblia», C TOM e OAMHAKOBOW BEPOATHOCTbIO
BCTPEYANNCH Te, KTO NePEHEC UHCYBT, U Te, Y KOTO UHCY/bTa He Oblno.
ABTOpbI 3aKAOUMAK, 4TO «Mmopdonorma JIM' He accoumMmMpoBaHa C Ha-
IMYMEM MHCYNbTa B aHamHese, u JIYC B popme «non-chicken wing»
He yBeNnumMBaeT pUcK MHcynbta (p=0,192)» [34]. Mo cnpaBeanmsomy
3ameyaHuio [3, 8], orpaHMYeHNeM MCNONb30BaAHMA KaacCubmKaLmit
bopm yLUKa ABNAETCA UX CyOBEKTUBHOCTD.

06bém NYC

Mpu n3yyeHumn cnenkos 220 npenapatoB cepaua o6bEM J1YC
coctaBun B cpegHem 5220 mm® [13]. B KT-uccnenosaHum cpesHuit
MUHUMa/bHBIN M MaKCMMabHbIM 06bémbl JTYC coctasunu 5,3443,22
n 11,7445,07 mn cootsetctBeHHO [14]. O6bEm NYC, cKoppeKTMpo-
BaHHbIM Ha NOWAAb NOBEPXHOCTU Tena, y NaLMeHTOB C CUHYCOBbIM
pUTMOM 6b11 0aMHaKoB npu JTYC B dopme «KypUHOTO Kpblia» 1 B 06b-
eAMHEHHOW rpynne BapuaHToB («non-chicken wing») [35]. Bénblwme
3HaYeHna o6béma J1IYC xapakTepHbl AN naumeHTos ¢ Of1, ¢ Tpomba-
mu B JIYC, € MHCYNbTOM B aHamMHese. Y NauMeHTOB C NepeHecéHHbIM

1 umetrom 8 8udy sapuaHmel hopmel no [22]
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The authors of one study examined CT scans of 485 pa-
tients, of whom 407 had no signs of blood stasis or thrombi in
the LAA. Blood stasis and thrombus formation in the LAA were
most frequently noted with the "cactus" and "cauliflower" LAA
shapes. The "chicken wing" LAA was observed with blood stasis
in only 8.6% of cases and with thrombi in 11.6% of cases. How-
ever, the occurrence of this form without these complications
was significantly higher, at 36.6% [24]. In patients with LAA of
any shape, except for the "chicken wing", a higher thrombo-
genic index was noted (OR 2.48; Cl 95% 1.05-5.86; p=0.043). In
50 patients with thrombi in the LAA, the "chicken wing" shape
was noted in only 14% of cases. Notably, among the other three
shape variants, the "windsock" was predominant (31/50; 62%)
[27]. In Chinese patients with AF who underwent radiofrequen-
cy ablation, it was demonstrated that LAA shape variants, ex-
cept for the "chicken wing" (non-chicken wing) variant, were
significant predictors of stroke (OR 5.82; 95% ClI 1.61-21.03;
p=0.007) [28].

Most studies included in the systematic review showed that
embolic stroke of undetermined source (ESUS) was less common
in patients with a chicken-wing LAA than in the combined group
of patients with other forms (non-chicken wing) LAA [31]. Uni-
variate analysis revealed that, among the three parameters, only
the LAA shape was significantly associated with the frequency
of ESUS, with an odds ratio (OR) of 6.003 (95% Cl 1.225-29.417)
[32]. Other authors, who supplemented the classification [22]
with the "swan" LAAvariant, found that those with this shape had
a more frequent history of strokes or transient ischemic attacks,
both with and without AF (OR 3.4; p<0.001) [26].

Meanwhile, publications have emerged that cast doubt on
the clinical significance of the variability of LAA forms. Accord-
ing to the results of a study of 85 normal autopsy hearts from
patients who died from various causes, including heart disease,
thrombi in the LAA were macroscopically detected in four cases
(one in each LAA form) [22]. Histologically verified microthrombi
were found in 46 of 85 specimens, with 65.2% having the shape
of a "chicken wing". However, the frequency of detecting micro-
thrombi based on the anatomical type of LAA was insignificant
(p=0.3) [33].

In one study, three researchers specializing in CT diagnostics
independently assessed the LAA form according to classification
by Wang Y et al [22] in 2264 patients with AF, conducting the as-
sessments twice with an interval of three months. Wu et al clas-
sify the LAA CT images of 2,264 AF patients into morphological
categories through the evaluation of three observers, achieving
consensus in only 655 cases (28.9%). Using only the materials
with complete agreement, a comparison was made between two
groups of patients: those with and without a history of stroke.
The frequency of this complication, based on morphological pa-
rameters, was compared between patients with LAA in the form
of "chicken wing" and "non-chicken wing", but no significant
differences were found. Among those with the "chicken wing",
33.7% (29/86) had suffered a stroke, while 27.8% did not have a
history of stroke (p=0.255). Patients with non-chicken wing LAA
who experienced a stroke had no different likelihood of occur-
rence than those who did not. The authors concluded that "the
morphology of the LA is not associated with a history of stroke,
and non-chicken wing LAA does not increase the risk of stroke
(p=0.192) [34]. The use of classifications for LAA shapes is limited
by subjectivity [3, 8].
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MHCYNbTOM 06BbEM JIYC, nepecuMTaHHbIt Ha NAOWaAb MNOBEPXHO-
CTU Tena, bbin 6onblue, Yem B MoArpynne 6e3 MHCyNbTa B aHaMHese
(5,7£2.0 mn/m? versus 3,4+1,1 mn/m?; p<0,001) [1]. Mo maHHbIM KT
npv @M cpegtuii 06veém STYC coctasun 9,9+6,4 mn, y naumeHToB 6e3
®M oH bbin paBeH 6,912,7 mn [22].

Mo pesynsTatam apyroro KT-uccnesosaHma o6vém J1YC npu OI
1 6e3 Heé bbin paBeH COOTBETCTBEHHO 8,8+5,3 1 6,6+2,5 mn (p<0,001)
[26]. B rpynne 6e3 peunavsa ®IN makcmanbHbivi 06bém JTYC bbin pa-
BeH 8,3213,64 mn, MeanaHa MUHUMabHOMO 06béma coctasuna 3,46
MJ1, B TO BPEMA KaK B rpynne ¢ peuuansom G makcMmanbHblvi 06bEM
6b11 11,244,811 MA, MUHUMaNbHbIN 06bEM — 7,02+3,09 mn [36]. O6b-
ém J1YC no KT (13,3%4,62 mn) v Npu 4pe3nuLLeBOLHOM IXOKapAMorpa-
¢dum (YM-3XOKT) (5,2542,49 mn) bbin 3HAUMMO 6O/bLLE Y NALMEHTOB C
peKyppeHTHOI PN, yem H6e3 Heé [37]. ABTOPbI 3aKHOUMAM, YTO 0OBEM
NYC 6onee 9,99 mn, oueHEHHbIN MeToaom KT, — 3TO 3HaYMMbIN He-
3aBMCUMbIN NpeanKTop pekyppeHTHoM OI (4yBcTBUTENBHOCTL 83,3%,
cneundnyHocTb 66,7%) [37]. YeennueHne obvéma NYC Ha 1 mn yse-
JINYMBAET PUCK peKyppeHTHON Pl nocne pagnoyactoTHoW abasauum B
1,16 pasa [36].

Pasmepbl nesoro ywka

Ha npenaparax cepaua gavHa JIYC onpegenanacb Kak mapa-
MeTp OT cepeAuHbl OCHOBaHMA A0 Bepxywku JIYC. CpeaHaa AnvHa
NIYC B Hopme 6bina pasHa 33,4 MM, BapbupoBana oT 25 ao 42 mm,
3TOT AMana3oH BapuMaLyMy COINAcyeTca ¢ AaHHbIMU HEKOTOPbIX aBTO-
pos [33]. lWupuHa coctaBuna 25,1 mm (Bapraums ot 10,9 fo 28,1 mm)
[38]. UccnepoBaTenn He BbISBUAM 3aBUCUMOCTU MEXKIY pasmepamu
NYC v nux popmoi [33].

PasHOpOAHbIM HO30/10TMYECKMI1 COCTaB BbIOOPKM, BbIMNOAHEHME
M3MepeHuii Ha ayToncuiHbIX 0bpa3Liax 6e3 yuéta cTeneHn HanosHe-
HuA JIYC cHUXaeT LeHHOCTb 3TOro 3akatodeHunsa. Ha npenapartax cep-
[eL, HOPMaNnbHOW Maccbl MALMEHTOB, YMEPLUMX OT «HECepAeUHbIX»
npwuyunH, Teno J1M un IYC 3an0nHAAN CUIMKOHOM C LLeNbi MOAENPO-
BaHuA amnactonbl. AnavHa NIYC coctasuna 39,717,49 mm 1 BapbupoBa-
na ot 22,4 po 57,5 mm, wupuHa IYC 6bina pasHa 26,7+8,71mm, Bapu-
auma — ot 14,4 po 66,1 mm [20]. AnvHa NYC coctasuna 51,01+10,75
MM, MaKcMmanbHas wupuHa 15,7624,01 mm [14]. Mpu cpaBHeHUH
MaLMEHTOB C CMHYCOBbIM pUTMOM M @M no KT He Bbiio obHapyxe-
HO 3HAYMMbIX pPa3numii no anvHe (47,4+15,4 mm vs 43,7110,9 mm,
p=0,17), wwupuHe (24,75,6 mm vs 24,4158 mm, p=0,81) n rmybuHe
Tena NIYC (17,7£3,5 mm vs 16,513,8 mm, p=0,11) [30]. Pasmepbl 1YC
MOIIM Pa3nMyaTbeA Npu pasHblx dopmax OI [36]. Mpu nepcucTmpyto-
wen O obbvém NTYC coctasun 11,62+4,43 mn, npy NApOKCU3ManbHOM
®MN-9,944,02 mn (p=0,045) [37]. AnmHa NYC npu nx Tpombo3ax v b6e3
HMX Bblna oamHakosa (42,1112,3 mm vs 42,1+11,7 mm; p=0,76) [25].
OpHako no pesynbtatam YM-IXOKI ycTaHOBAEHO, YTO BOAbLINE 3HA-
YeHWA MaKcMmasbHOM mybuHbl JTYC xapaKTepHbl AnA yLUeK ¢ Tpomba-
MU, yem 6e3 Hux (29,4+0,7 mm vs 26,7+0,7 mm; p=0.009) [39].

MeTtogom YM-IXOKT 6bian cpaBHeHbl napameTpbl JIYC B ABYX
rpynnax 6e3 ®MM: y naumeHToB ¢ ESUS 1 ¢ ApyrMMu MHCynbTamu. B
nepsoii rpynne JIYC 66110 meHee ry6okum (28,4+6,6 mm vs 31,7+4,3
MM), @ ero ycTbe 6bi10 MeHbliero gvametpa (15,313,5 mm), 4em Bo
BTOpoi rpynne (174+2,0 mm) [32]. B gpyrom uccneaosaHum 6binm nsy-
yeHbl 50 NpenapaToB cepaLa, NP 3TOM YCTaHOB/IEHO, YTO NALMEHTbI
C MHCYNbTOM B aHaMHe3e umenu B cpegHem aavuy JTYC 37,715,0 mm,
B TO Bpems KaK y NaupueHToB 6e3 MHCy/bTa CpesHAsA A/IMHa COCTaBnANa
33,247,8 mm (p=0,095) [40].

BHyTpeHHUi penbed
BHyTpeHHAA noBepxHOCTb JIYC MMeeT CAoXHble yrybaeHus,
06pa3oBaHHble rpebeHYaTbiMM MbILWLAMM, OHU MOKPbITbI IHAOKAP-

LAA volume

Using a necropsy synthetic resin cast, 220 LAA morphologies
were analyzed, and it was reported that the average appendageal
volume was 5,220 mm? [13]. In a CT study, the mean minimum
and maximum LAA volumes were 5.34+3.22 and 11.7445.07 ml,
respectively [14]. The LAA volume, adjusted for body surface
area, was similar in patients with sinus rhythm in the “chick-
en-wing” LAA and the combined group of variants (“non-chick-
en wing”) [35]. Larger LAA volumes are characteristic of patients
with AF, those with thrombi in the LAA, and individuals with a
history of stroke. In patients with a history of stroke, the LAA vol-
ume recalculated for body surface area was greater than in the
subgroup without such a history (5.7+2.0 ml/m? versus 3.4+1.1
ml/m?; p<0.001) [1]. According to CT data, the average LAA vol-
ume in patients with atrial AF was 9.9+6.4 ml, while in patients
without AF, it was 6.9+2.7 ml [22].

According to another CT study, the LAA volume with and
without AF was found to be 8.8+5.3 mland 6.6+2.5 ml, respective-
ly (p<0.001) [26]. In the group without AF recurrence, the maxi-
mum LAA volume was 8.32+3.64 ml, and the median minimum
volume was 3.46 ml. In contrast, in the group with AF recurrence,
the maximum volume was 11.2+4.81 ml, and the minimum vol-
ume was 7.02+3.09 ml [36]. The volume of the LAA measured by
CT and transesophageal echocardiography (TEE) was significant-
ly greater in patients with recurrent AF than in those without it,
with values of 13.3+4.62 ml and 5.25+2.49 ml, respectively [37].
The authors concluded that an LAA volume greater than 9.99 ml,
assessed by CT, is a significant independent predictor of recurrent
AF (sensitivity, 83.3%; specificity, 66.7%) [37]. An increase in LAA
volume by 1 ml raises the risk of recurrent AF after radiofrequen-
cy ablation by 1.16 times [36].

The LAA dimensions

In cardiac specimens, the length of the LAA was measured
from the midpoint of the base to the apex of the LAA. Typically,
the average length of the LAA was found to be 33.4 mm, with a
range of 25 mm to 42 mm. This range is consistent with findings
reported by some authors [33]. The width measured 25.1 mm
(range 10.9 to 28.1 mm) [38]. Researchers found no relationship
between the size of the LAA and its shape [33].

The varied clinical compositions of the sample and mea-
surements taken from autopsy specimens, without accounting
for the degree of filling of the LAA, diminish the validity of this
conclusion. In the cardiac specimens of normal-weight patients
who died from non-cardiac causes, the body of the LA and LAA
was filled with silicone to simulate diastole. The length of the
LAA was 39.7+7.49 mm and varied from 22.4 to 57.5 mm; the
width of the LAA was 26.7+8.71 mm, with variation from 14.4
to 66.1 mm [20]. In another study, the length of the LAA was
51.01#10.75 mm, and the maximum width was 15.76+4.01
mm [14]. When comparing patients with sinus rhythm and
AF using CT, no significant differences were found in length
(47.44£15.4 mm vs. 43.7110.9 mm, p=0.17), width (24.74£5.6 mm
vs. 24.415.8 mm, p=0.81), and depth of the LAA body (17.7+3.5
mm vs 16.5£3.8 mm, p=0.11) [30]. The size of the LAA could
vary among different forms of AF [36]. In persistent AF, the LAA
volume was 11.62+4.43 ml; in paroxysmal AF, it was 9.9+4.02 ml
(p=0.045) [37]. The length of the LAA, with and without throm-
bosis, was the same (42.1£12.3 mm vs. 42.1+11.7 mm; p=0.76)
[25]. However, according to the TEE results, it was established
that greater values of the maximum depth of the LAA are char-
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Z0M 1 orpaHuumBatoT nonoctb J1IYC [2]. Ana ®N xapakTepHo yToALle-
Hue 3HaoKapaa JIYC npenmyLLecTBEHHO 33 CYET ero 31acTU4ecKoro
cnos [13]. YTonweHune sHAoKapaa npu Tpombax B JIYC obycnosneHo
OTEKOM, GMOPO30M, a TaKKe «TPaHYNEMATO3HbIM BKAOYEHUAMM,
bOPMUPYIOLLMMM  «MOPLLMHUCTOCTY SHAOTENNANBbHON BbICTUAKMY.
O6HapyKeHa NONOKUTENbHAA KOPPENALMOHHAA CBA3b MEXAY HanW-
YMemM TaKMX U3MEHEHWM 3HAOKapaa M Tpombamu B JIYC (Masawa N
et al (1993), uut. no [33]). BepoATHOCTb BbIABNEHWUS TUCTONOMMYECKN
BepuOULMPOBAHHBIX MUKPOTPOMOOB Ha MOBEPXHOCTU 3SHAOTENUA
NYC B rpynne naLMeHTOB, MOrMBLIMX OT MHCYNbTA, Oblia OAMHAKOBA Y
naupeHToB ¢ ®MN u 6e3 Heé (45,7% vs 54,3%, p=0,24). K coxkaneHuto,
aBTOPbI HE COOBLIMAM O TOM, C KaKoW 4acToToW B NoArpynne nauu-
€HTOB, YMEpPLUMX OT MHCYNLTA, BblM 0BHapYKeHbl TPOMB03M60/bI B
cocypax mosra [33].

Hepa3BeTBNEHHblE MbilUeYHble My4ykW, obpasyiolwme rpebeH-
yaTble MbILWLbI, PACNONAraloTCA B BUAE «NEPbEB» UM «MaNbMOBbIX
NCTbEB», OCOBEHHO Ha rpaHMLaX Mexay BEpPXHEW U HUNKHeN no-
BEpXHOCTAMU. bonee ToncTble MblleYHble BONOKHA MOMKHO MPUHATD
3a TPOMbblI MW BHyTpUNpeacepaHble obpasosaHusa [3]. ABTopbl
OTMETWU/IM HEeMOCTOAHCTBO JIOKa/M3aLLMM MbllUeYHbIX Tpabekyn no
BEpXHEMY Kpato, 0bpaTuan BHUMAHWE Ha BO3MOXKHOCTb HaAUuus
B61M3M Bepxywku JIYC Kpyrosbix rpebeHyatbix mMbiwd. Mo ux gaH-
HbIM 06bI4HO Ha MeaunanbHol cTeHKke JIYC Haxoamnoch 6-8 rpebeH-
YaTbIX MbILL, HA N1aTePasbHON CTEHKe KONMYECTBO 3TUX MbILUL, CO-
crasnano 10-12 [38].

BHyTpeHHWIA penbed accoummpoBaH ¢ onpeaenéHHbIM BapuaH-
ToM popmbl JIYC. OAMHOYHbIE TOHKME TPabeKynbl XapaKTepHb! A8
NYC B dopme «KypuHOTO Kpblna», bonee KpynHble TpabeKy/bl — ans
NIYC B dopme «KaKTyca», Hambonee rpybbiit TpabekynsapHbii penbed
y NIYC B dpopme «uBETHOW KamycTbl» [8]. MeauaHHOE KOAMYecTBO
MeXTPabeKyNApHbIX MPOCTPAHCTB, @ 3HAYUT U rpebeHYaTbIX MbiLuL, B
NYC coctasuno 21 (ot 4 fo 41), npuyém nx konmdectso y JIYC B popme
«KYPMHOrO Kpblia» 6b110 6onblue, yem y JTYC B popme «HaKOHEYHUKA
ctpenbi» (23 npotume 18,5; p=0,004). fonsa naowaam, 3aHaTol rpebeH-
YaTbIMM MbILILAMM N MEXTPabeKynapHbIMKU NpocTpaHcTBamu, B JTYC
coctaBuna 47% (16-83%) v He 3aBucena ot GopMbl NONOCTU U YMCNa
fonei ywka [41]. B /IYC B3pocnoro Yenoseka ToNLMHA rpebeHYaTbix
Mbiw, 6bi1a 1 mm nam 6onee [19], Ho He npeBbiwana 4 mm [38]. Ton-
LWMHa rpebeHYaTbiX MbILLL, HA BepxyLuKe JTYC 3HauuTeNbHO MeHbLUe Y
NYC B popme «KypUHOTO Kpbiaa», 4em y umetoLyx Gopmy «LIBETHOW
KanycTbl» U «HaKOHeYHWKa cTpenbl» [11].

YcTbe ywka

B cBA3M C OLEHKON pucka Tpomboambonuit ns JIYC 6onblioe
BHMMaHMWe yaenalT onucaHuio aHatomum yctba JIYC. Uccneposate-
v npy nomotwym KT knaccuduumpoBanm yctbe naumeHTos ¢ @ nam
6e3 Heé Ha NATb TUMOB: OBa/IbHbIN, MOXOXKUIA Ha CTOMY, TPEYTONbHbIN,
MOXOXMI Ha Kanto BOAb! M Kpymbli [22]. Takue e Gopmbl Bbiaenn-
v apyrue asTopbl B cBoémM MCKT nccnegosaHum Ha 860 naumeHTax
[17]. YcTbe YC B 81,5% 6bin10 0BabHBIM, PeXe TpeyronbHbIM (7,3%),
nonykpymbim (4%) [1]. B eAMHUYHBIX Cyyanx BCTPEYaNUCh OKpyrioe
yCTbe, a TakkKe ycTbe B popme cTonbl (foot-like) [17]. YcTbsa oBanbHOM
dopmbl menn mecto B 3,1 pasa yalle, Yem Kpyrible (p=0,0027). B 17
cnyyasnx u3 28 oBa/ibHble YCTbA Pacnonaraancb NPevMyLLECTBEHHO ro-
PU30HTa/IbHO, B AE€BATU — MPEUMYLLECTBEHHO BEPTUKA/IbHO, B OAHOM
cnyyae — Koco [42].

B HopMmasnbHbIX cepaLax Ntodel TaicKoi nonynaumMm oBasbHoe
yctbe JIYC 6bino B 55,4%, Kpyroe — B 44,6% [21]. Ha KagaBepHbIxX
npenapatax cepaew, 6e3 natonoruii Kpyrnoe yctbe JIYC BCTpeyanoch
B 1,6 pa3a valLe, Yem oBanbHoe [18]. Mo aaHHbIM KT oBasbHOE yCTbe
JIYC yaue BCTpeYanoch y naumeHTos ¢ @I, Hexenn npu CMHYCOBOM
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acteristic of LAA with thrombi than without them (29.4+£0.7 mm
vs. 26.7+0.7 mm; p=0.009) [39].

Using the TEE, the LAA parameters were compared be-
tween two groups without AF: patients with ESUS and those with
other types of strokes. In the first group, the LAA was shallow-
er (28.4+6.6 mm vs. 31.7+4.3 mm), and its orifice had a smaller
diameter (15.3%3.5 mm) compared to the second group (17+2.0
mm) [32]. In another study, 50 heart specimens were examined,
revealing that patients with a history of stroke had an average
LAA length of 37.74+5.0 mm. In contrast, patients without a histo-
ry of stroke had an average length of 33.2+7.8 mm (p=0.095) [40].

LAA internal relief of the walls

A complex network of fine pectinate muscles lines the en-
docardial surface of the LAA, contributing to the restriction of the
LAA cavity's volume [2]. In patients with AF, the LAA endocardium
demonstrates thickening, primarily attributable to its elastic lay-
er [13]. Thrombus-related thickening of the endocardium in the
LAA occurs due to edema and fibrosis. Also, it involves "granu-
lomatous inclusions that form the "wrinkling" of the endotheli-
al lining". A positive correlation exists between the presence of
such endocardial changes and thrombi in the LAA (Misawa N et
al, 1993) [33]. The likelihood of detecting histologically confirmed
microthrombi on the endothelial surface of the LAA in patients
who died from stroke was comparable in those with and with-
out AF (45.7% vs 54.3%, p=0.24). Regrettably, the authors did
not report the frequency of thromboemboli detected in the ce-
rebral vessels among the subgroup of patients who succumbed
to stroke [33].

Unbranched muscle bundles comprising the pectineal mus-
cles are organized in a pattern resembling feather- or fan-shaped
palm leaves. Larger muscle groups can be confused with thrombi
or intra-atrial masses [3]. Other authors have noted inconsisten-
cies in the length and thickness of muscle trabeculae. They high-
lighted the potential for circular pectineal muscles to be present
near the apex of the LAA. According to their findings, the lateral
wall of the right atrial auricles contained 10-12 pectineal muscles,
while the medial wall had 6-8 pectineal muscles with a width of
between 1 mm and 4 mm [38].

The internal structure correlates with a particular variant of
the LAA shape. Single thin trabeculae are typical of the "chick-
en wing" LAA inner cavity; larger trabeculae are characteristic of
the "cactus" LAA, and extended and prominent trabeculae are
observed in the "cauliflower" LAA [8]. The median number of in-
tertrabecular spaces in the ILAA ranged from 4 to 41, with a me-
dian of 21. This parameter was significantly higher in the "chicken
wing" LAA compared to the "arrowhead" LAA, with values of 23
and 18, respectively (p=0.004). Additionally, the proportion of
the area occupied by the pectinate muscles and intertrabecular
spaces in the LAA was 47% (range 16% to 83%). There was no
association found between this proportion and the shape of the
LAA cavity or the number of lobes present [41]. In adult LAA, the
thickness of the pectinate muscle was reported to be 1 mm or
more, as noted by Veinot et al (1997), but did not exceed 4 mm
[38]. The thickness of the pectinate muscle at the LAA apex was
significantly thinner in the chicken-wing-shaped LAA compared to
the cauliflower-shaped and arrowhead-shaped LAA [11].

The LAA orifice
In connection with assessing the risk of thromboembolism
from the LAA, significant attention is given to describing the anat-
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putme (94,0% vs 70,4%, p=0,001) [30]. K Takomy ke BbiBOAY NpULLAU
1 Apyr1e aBTopbl, BbIABMBLUME Y NaumeHToB ¢ Pl oBasbHoe ycTbe JTYC
B 71,9%, okpyrnoe — B 28,1% cnydaes [15].

B opgHom u3 uccnepoBaHuii yctbe JIYC 6bi10 pasgeneHo Ha ase
rpynnbl No A/IMHHOMY AUaMeTpy: HopmanbHoe (0 31 mm) 1 KpynHoe
(6onee 31 mm). B cepauax ¢ KpynHbiM ycTbem J1YC anametp J1M 6onb-
Le, YeM C HopManbHbIm (43,9+6,3 mm npoTus 49,4+7,2 mm; p<0,001).
B HOpMe A/IMHHbIN AnameTp ycTbsA paseH 25,413,3 Mm, a npu Kpyn-
HbIX ycTbAX 34,5+2,8 mm [10]. 3T0 coBnafaeT ¢ AaHHLIMM O TOM, YTO
B HOpME AMameTp yCTbA paBeH 26,9+5,6 mm [24]. Ha aHaToMUYeCcKnx
CNenKkax noayyeHbl MeHbLLMe 3HaYeHus guameTpa: 15-21 mm [13].

Mpwv MHTepNpeTaummn AaHHbLIX MOPPOMETPUM YCTbA, A/1A OLEHKM
pu1CcKa aMboAumn U Ana NepcoHMOULMPOBAHHOTO BbIOOPA OKKOAEP],
cnepyeT NPUHMMATL BO BHUMaHWeE BapuaHTbl Gopmbl ycTba JTYC. 3Ha-
YeHuA AMameTpa Kpyraoro yCTbA HaXoAMAUCh B MHTepBane oT 9,53 no
21,51 mm (B cpeaHem 14,612,6 mm). Ecam JTYC 6bi10 OBanbHbIM, TO
€ro A/MHHbIN U KOPOTKUIA AMameTpbl Bapbuposanum ot 11,6 go 31,7
mm (14,23+4,2 mm) 1 ot 6,7 o 23,9 mm (11,66+3,5 mm) cooTseT-
ctBeHHO [21]. KopoTkuii amametp /IYC BapbupoBan oT 5 go 27 mm,
a A/MHHbIM oT 10 £o 40 mm [3]. BAn3KKe pesynbTaTbl NOAYYEHb! B pa-
6ote [42]. Ha 37 npenapaTtax cepAua ¢ HOPMasbHOM Maccoin aanHa
(BNMHHAA ocb) ycTbaA bbina paHa 12,7+4,03 mm, WMpKUHA (KOpoTKas
ocb) — 9,513,62 mm [42]. OBanbHoe ycTbe JTYC UMeNo AAVHHBIN an-
ametp 17,4+4,0 mm, KopoTkuit auametp 10,9t4,2 mm [6]. B apyrom
Ka[laBEPHOM MCCNefoBaHUM AMHHbLIN anameTp yctba JIYC cocTas-
nan 16,5¢4,0 Mm, KOpOTKMiA AnameTp 6bin paseH 10,7+3,9 mm [18]. B
cepaLax 6e3 natonorum JIYC nnowaab NOBEPXHOCTU YCTbA 3TUX YLLEK,
paccyMTaHHan yepes ux Auametp, Bapbuposana ot 71,29 no 594,92
Mm2 (169,56184,73 mm?) [21].

[laHHble uTepaTypbl CBUAETENLCTBYIOT O TOM, YTO Y MaLMEeHTOB
¢ OI pasmepsbl ycTba JIYC 6onblue, Yem y naumeHToB 6e3 aToi nato-
norun. Ecam 8 Hopme anamertp yctba JTYC coctasnan 25,413,3 mm, TO
npu ®M — 34,5+2,8 mm [10]. Npu mopdpomeTtpmn yctba NYC npu O
Ha KT nepegHesafHuit AmameTp ycTba 6bin paseH 18,0+4,3 mm, no-
nepeyHblit gnameTp — 26,315,4 mm [29]. Tem e METOAOM YCTaHOB-
NIeHO, YTO nepeaHes3afHuii M nonepeyHbid anametpbl (19,3+4,12
MM vs 17,244,0 mm, p=0,01 u 25,115,1 mm vs 20,5+4,4 mm, p=0,001),
naowaap (387,2+133,9 mm? vs 327,1+128,3 mm?, p=0,02) 1 nepumeTp
yctba JIYC (70,2£12,5 mm vs 61,2111,6 mm, p=0,04) 6b111 6onbLue npu
®r, yem 6e3 Heé [30]. Mepcuctmpytowas popma I Gbina accouum-
poBaHa ¢ 64n1bLIei NNOWAABI0 YCTbA MO CPABHEHUIO C aHAIOTMYHbBIM
napameTpoM npu napokcusmansHoii e [1]. Y naumeHToB nocne pa-
[MOYaCTOTHOW abnaumm npu nepcuctmpytowlen ®N nepumeTp ycTba
NYC BapbMpoBan oyeHb WKpoKo (81,1+62,87 mm) 1 OTAMYANCA OT Ta-
KOBOIO NMpw NapoKcmamansHou @M (80,7+17,66 mm) [36].

Ha YM-9XOKI mokasaHo, 4YTO 60AblIME 3HayYeHuA naollaam
YCTbA XapaKTepHbl AN TPOMOMPOBaHHBbIX ylekK [39], 3To nosxke Ha-
LU0 NOATBEPKAEHME B paboTe [25]. B HOpMe MaKcHManbHbIA U Mu-
HMManbHbIA AnameTpbl ycTba JIYC coctasunm 27,8+5,8 n 19,4146
MM COOTBETCTBEHHO. MepumeTp ycTba /IYC 6bin paseH 74,8+16,3 mm,
nnowaap ero 411,8+185,4 mm?, cpesHuii auametp — 23,68+4,99 mm.
3HaueHuMa Bcex 3TUX NapameTpoB Npu Tpombosax J1IYC y nauneHToB
¢ ®M 6bin 3HaYMMo bonbLue (p<0,01), Yem Npy HOpManbHOW remo-
anHamuike B JIYC [25]. OvameTp ycTba NIYC npu 3acToe KpoBW B HEM
coctasun 33,816,0 mm, npu Tpombose JIYC — 28,915,3 mm, obe Be-
JIVYMHBI ObIIN 3HAYMMO bonblue AnameTpa ycTba JTYC 6e3 aTvx nato-
noruii [24]. Y cemum naumeHToB (23,3%), paHee nepeHEcLIMX UHCYNbT,
naowgazapb yctba JIYC 6bina 6onblle Mo cpaBHEHWHO ¢ NaLmeHTamm bes
MHCYNbTa B aHaMHese (258,56+87,82 mm? vs 347,781111,73 mm?, p=
0,033) [40]. Nnowaab ycTba NIYC 6onee 4,5+1,5 cm? accoupmpoBaHa ¢
BbICOKMM PUCKOM MHCYNbTA [6].

omy of the LAA orifice. In a cardiac CT study, the LAA ostium of
patients with or without AF was classified into five types: oval,
foot-like, triangular, water drop-like, and round [22]. Other au-
thors identified the same shapes in cardiac multidetector com-
puted tomography angiography (MDCTA) involving 860 patients
[17]. The most common finding for the LAA orifice is an oval
shape, observed in 81.5% of cases, followed by a triangular shape
at 7.3% and a semicircular shape at 4% [1]. In a few isolated cas-
es, both a rounded and foot-like ostia were observed [17]. Oval-
shaped orifices were 3.1 times more common than round ones
(28/37 1 9/37, p=0,0027). In 17 out of 28 cases, oval orifices were
predominantly oriented horizontally, in nine cases predominantly
vertically, and one case obliquely [42].

In normal hearts of the Thai population, the oval orifice of
the LAA was found in 55.4%, while the round orifice was found in
44.6% [21]. In normal cadaver hearts, the round orifice of the LAA
was found 1.6 times more often than the oval one [18]. According
to CT data, the oval orifice of the LAA was more frequently ob-
served in patients with AF than in those with sinus rhythm (94.0%
vs. 70.4%, p=0.001) [30]. Other authors reached the same conclu-
sion, finding the oval orifice of the LAA in 71.9% of patients with
AF and the round one in 28.1% of cases [15].

In one study, the LAA orifice was divided into two groups
based on long diameter: normal (up to 31 mm) and large (more
than 31 mm). In hearts with a large LAA ostium, the LA diame-
ter was larger than that of LAA with normal ostia (43.916.3 mm
versus 49.417.2 mm; p<0.001). Normally, the long diameter of
the orifice is 25.4+3.3 mm, and for large orifices, it is 34.5+2.8
mm [10]. These findings align with data indicating that the LAA
normal orifice diameter is 26.9+5.6 mm [24]. The anatomical res-
in casts of the autopsy hearts recorded smaller diameter values,
with an average minimum to a maximum diameter of 15-21 mm
[13].

When analyzing the morphometric data of the LAA orifice
to evaluate the risk of embolism and to facilitate personalized oc-
cluder selection, it is essential to consider variations in the shape
of the LAA orifice. The diameter of the round orifice ranged from
9.53 to 21.51 mm, with an average measurement of 14.6+2.6
mm. In the oval type, the long and short diameters ranged from
11.61 to 31.71 mm, with a mean of 14.23+4.2 mm, and from 6.70
to 23.90 mm, with a mean of 11.66+3.5 mm, respectively [21].
The short LAA diameter ranged from 5 to 27 mm, while the long
LAA diameter ranged from 10 to 40 mm [3]. Similar findings were
reported in another study [42]. In 37 normal-weight heart prepa-
rations, the length (long axis) of the orifice measured 12.7+4.03
mm, while the width (short axis) was 9.5+3.62 mm [42]. The oval
orifice of the LAA had a long diameter of 17.4+4.0 mm and a short
diameter of 10.924.2 mm [6]. In another cadaver study, the long
diameter of the LAA orifice was measured to be 16.5%4.0 mm,
while the short diameter was measured at 10.7+3.9 mm [18]. In
hearts without LAA pathology, the surface area of the LAA orifice,
calculated from their diameters, ranged from 71.29 to 594.92
mm? (169.56+84.73 mm?) [21].

Research data indicate that the LAA orifice is larger in pa-
tients with AF compared to those without AF. While the normal
diameter of the LAA orifice is approximately 25.4+3.3 mm, in pa-
tients with AF, it measures around 34.5%2.8 mm [10]. In the mor-
phometry of the LAA orifice in patients with AF via CT imaging,
the anteroposterior diameter measured 18.0+4.3 mm, while the
transverse diameter measured 26.3+5.4 mm [29]. The findings in-
dicated that the anteroposterior and transverse diameters of the
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NoKkanbHas Tonorpaduma ywka

NYC pacnonaraetcs snepegy ot Tena /1M, BepxyLuka MOXeET yKa-
3bIBaTb Ha NIErOYHbINA CTBOA, BbIBOAHOM TPAKT MPABOrO KeyLouKa
WM PacnonaratbCs Ha CTEHKE NIEBOTO Ke/yLouKa, MHOTAa BepxyLuKa
NYC HanpaeneHa Ha3ag, u/uan natepanbHo [3, 6]. B manom npoueHTe
C/ly4aeB OHa obpalleHa B nonepeyHblit CUHyC nepukapaa [9). B cepa-
Lie B3pOC/IOrO Ye/I0BEKA PACCTOHME MEXK/Y OCHOBAHMAMM NPaBoro v
NeBoro ylwek 6bi10 paBHo 49,717,0 mm [43]. HUKHAA NOBEPXHOCTb U
ycTbe JIYC HaxomAaTcA B HENOCPEACTBEHHOM 61M30CTV K BETBAM NIEBOM
BEHEYHOW apTeEPUM U KOHEYHOMY OTAeny 6onbLLOI BeHbl cepaua [44].
JleBas ormbatoLLan apTepus HaunHaeTcA B 6,311,6 Mm oT ycTba JTYC [18]
M MAET B 2,1+0,9 MM OT CTEHKM yLLKa (Bapuauwms ot 1 4o 6,6 mm) [17]. Mo
HEKOTOPbIM JaHHbIM paccTosHue oT Wweiku JIYC go nesoii ornbatoLuei
apTepmu coctasuo 5,1+2,2 mm [29]. PacctosHwme oT ycTba JTYC f0 Hava-
Na NepeaHein MeKKeNya04KoBo apTepmm coctasno 9,9+2,8 mm [18],
[10 neBoit ormbatoLLeit aptepum — 5,1+2,2 mm [44].

Yawue Bcero camoit 6am3kom K JIYC 6b110 MecTo Havasa nepson
apTepuu Tynoro Kpas cepaua (40 cnyyaes, 34,5%). CnegoBatensHo,
B KaXXAOM TPETbEeM C/ly4Yae PACCTOAHME OT 30Hbl YCTAHOBKM OKK/ILO-
Zepa B yctbe JIYC fo neBoit ormbatoLei aptepun 6bi10 MeEHee ABYyX
MUIZIMMETPOB, YTO CYMTANOCh onacHbiM [29, 44]. MpumepHo B 30%
ormbatowas apTepusa A3AET Hayano apTepumn CUHYCHO-NPEACEePAHOro
y31a, KoTopan UAET B HENOCPeACTBEHHOM 6130CTH K ycTbto JIYC. Mpu
repmeTu3aLmmn ycTbA BO3MOXKHA TpaBma 3TOM apTepuu U pas3suTue
HapywweHwuit putma [1]. Yctbe IYC Haxoamnock B 7,743,2 MM OT yCTbA
JIB/NB [18] 1 oTAeneHO OT 3TOW BEHbI NEBLIM laTEPaAsIbHBIM rpebHem
[3, 45]. Mexay NYC n NB/IB npoxoauT Kocas BeHa /1M, 06bi4HO OHa
0buTepupyeTca 1 npespallaetcs B cBA3Ky MapLanna [6]. U3-3a 60-
raToi MHHepBaLuMK yyacTka mexkay J1IYC n NIB/IB («plica nervina» Bo-
pobbEBa) OH ABNAETCA OAHUM M3 pedIeKCoreHHbIX Nonel cepaua v
YaCTbIM UCTOYHMKOM HaKeNyaouKoBbIX apuTMKiA [5, 45].

Ha TpynHOM MaTepuane NaLMeHTOB C MHCYLTOM bblnu Bblaene-
Hbl TPW BapuaHTa pacrnonoxeHuna yctba JIYC. MepBblii BapuaHT XapakK-
TepU30BaNCA NPAKTUYECKN OTCYTCTBYIOLMM IMMOOM, Bonee BbICOKMM
nepesHUM KpaeM YCTbA U KOPOTKMM, CMI/TFOLLLEHHBIM U LMPOKUM SIEBbIM
natepanbHbIM rpebHem. Mpy BTOPOM BapuaHTe 3TOT rpebeHb A/IMH-
Hbli, 330CTPEHHbIN, @ IMMO YCTbA A/IMHHbIN U YETKO ONPeaeNnEHHbIN.
Mpv TpeTbem BapuaHTe ycTbe JIYC HaxoauTca HUKeE, 6anKe K MUTPasb-
Homy KnanaHy [40], pacctosHue Ao kotoporo 10,1+2,5 mm [18]. YcTbe
JIYC MOXKeT BbITb PAcroNoXKeHO B TPEX Pa3/IMYHbIX NONOKEHNAX OTHO-
cuTenbHo ycTba JIBJIB: Bbiwe, Ha OAHOM YpoBHE MM HUKe [5]. Yale
Bcero (76,8%) oHO pacnonaranocb Ha ypoBHe ycTba JIB/1B, B 19,6% —
HuKe ycTbs JIB/1IB v B 3,6% — Bbiwe ero [18]. Mo ogHUM AaHHBIM YCTbe
NYC value Bcero Haxoamnoch Huke yctba J1B/1B (55,4%) [21], no apyrum
— oba ycTbs yalle pacnonaraauncb Ha ogHom yposHe (57%) [43]. Yron
mexkay NIB/1IB n IYC npu Tpombax JIYC bl MeHbLUE, YEM B KOHTPO/b-
Ho rpynne (35,35+31,56 vs 37,29+37,24; p<0,01); obpaLuaeT Ha cebs
BHMMaHMe 60/blUas BapuaLma 3TUX 3HaYeHui [25].

3AKNIOYEHMUE

Y nauuentos ¢ ®I, Tpombo3om JIYC U/MAK MHCYNBTOM B aHa-
MHe3e aHaTOMMYeckuii «noptpeT» JIYC TakoB. ITO YLIKO COCTOUT U3
HECKO/IbKMX [0Nel, MMeeT GOpMY, OTIMYAIOLLYIOCA OT «KYPUHOrO
Kpblnay, Yalle Bcero — GopmMy «LBETHOM KamyCTbl» UAN KHAKOHEYHH-
Ka CTpenbl», UMEeeT KpynHble Tpabekysbl U oBanbHoe ycTbe. O6bEM
NYC cepaua 8 1,4-1,7 pa3a 6o/blue HOPMATUBHbIX 3HAYEHUI; 0O6bEM
6onee 9,99 MmN cuMTaeTCs NPeAMKTOPOM peryppeHTHo ®I. Bbiwey-
Ka3aHHaA NaTo/IorMA acCoLMMPOBaHa C YBEIMYEHWEM [TyOUHBI YLLIKa
M NNOLWAAM ero NoBEPXHOCTU. [1p1 3TOM HeT AaHHbIX O BANAHUM TPOM-
60308 ylUKa, NepeHecéHHOro MHEybTa an @1 Ha BHELLHWE pa3mepbl
1 Tonorpaduio yLuKa.
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LAA orifice were significantly larger in patients with AF compared
to those without AF. Specifically, the anteroposterior diameter
measured 19.3+4.12 mm in the AF group versus 17.2+4.0 mm in
the non-AF group (p=0.01). Likewise, the transverse diameter was
25.1+5.1 mm in AF patients compared to 20.5t4.4 mm in those
without AF (p=0.001). Additionally, the area of the LAA orifice
was greater in the AF group, showing values of 387.24133.9 mm?
compared to 327.14128.3 mm? in the non-AF group (p=0.02). The
perimeter of the LAA orifice was also larger in patients with AF, at
70.2+12.5 mm, compared to 61.2+11.6 mm in the non-AF group
(p=0.04) [30]. Persistent AF was associated with a larger LAA ori-
fice area compared to paroxysmal AF [1]. In patients undergoing
radiofrequency ablation for persistent AF, the perimeter of the
LAA orifice showed considerable variability (81.1£62.87 mm) and
differed from that of those with paroxysmal AF (80.7+17.66 mm)
[36].

TEE has shown that larger values of the orifice area are char-
acteristic of thrombosed auricles [39], a finding later confirmed
by Mill et al, 2024 [25]. Typically, the maximum and minimum di-
ameters of the LAA orifice measured 27.8+5.8 mm and 19.44.6
mm, respectively. The perimeter of the LAA orifice was 74.8£16.3
mm, its area was 411.8+185.4 mm?, and the average diameter
was 23.6814.99 mm. The values of all these parameters during
LAA thrombosis in patients with AF were significantly greater
(p<0.01) than in normal LAA hemodynamics [25]. The diameter
of the LAA orifice in patients with blood stasis was 33.8+6.0 mm,
whereas in cases of LAA thrombosis, it measured 28.9+5.3 mm;
both values were significantly larger than the diameter of the LAA
orifice in the absence of these complications [24]. In seven pa-
tients (23.3%) who had previously suffered a stroke, the area of
the LAA orifice was larger compared to patients without a history
of stroke (258.56+87.82 mm? vs 347.78+111.73 mm?, p=0.033)
[40]. Additionally, an area of the LAA orifice exceeding 4.5+1.5
cm? is associated with a high risk of stroke [6].

Topography of the LAA

The LAA is located anterior to the LA body. The apex may
point to the pulmonary trunk, the right ventricular outflow tract,
or be situated on the wall of the left ventricle; sometimes, the
LAA apex is directed posteriorly and/or laterally [3, 6]. In a small
percentage of cases, the tip of the LAA lies within the transverse
pericardial sinus [9]. In the adult heart, the distance between the
bases of the RAA and LAA is 49.7+7.0 mm [43]. The inferior sur-
face and orifice of the LAA are close to the branches of the left
coronary artery and the terminal valve of the great cardiac vein
[44]. There is a very close proximity between the LAA orifice and
the proximal left circumflex coronary artery (LCx) (2.1£0.9 mm,
range: 1.0-6.6 mm) [29]. The distance between the LAA ostium
and the origin of the anterior interventricular artery is 9.9+2.8
mm [18], and the left circumflex artery is 5.1+2.2 mm [44].

In most cases, the first obtuse marginal artery originates
closest to the LAA, observed in 40 cases (34.5%). As a result, in
approximately one-third of cases, the distance from the area
where the occluder is placed at the LAA orifice to the LCx is <2
mm. This proximity poses a potential risk of injury to the left cir-
cumflex coronary artery [29, 44]. In approximately 30% of cases,
the LCx gives rise to the sinoatrial nodal artery, which runs close
to the LAA orifice. When sealing the orifice, this artery can be in-
jured, leading to rhythm disturbances [1]. The LAA orifice is locat-
ed 7.7+3.2 mm from the ostium of the LSPV [18] and is separated
from this vein by the left lateral ridge [3, 45]. The oblique vein of
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the LA passes between the LAA and LSPV; it is usually obliterated
and transformed into the ligament of Marshall [6]. Due to the rich
nerve supply in the area between the LAA and LSPV, known as
plica Marschall, this region is one of the reflexogenic fields of the
heart. It is a common source of supraventricular arrhythmias [5,
45].

Three variants of the LAA ostium location were identified
in cadaveric material from stroke patients. The first variant fea-
tured a virtually absent limbus of the LAA, a higher anterior edge
of the orifice, and a short, flattened, and wide left lateral ridge.
In the second variant, this ridge is long and pointed, and the LAA
limbus is long and clearly defined. In the third variant, the LAA
orifice is positioned lower, closer to the mitral valve, as noted by
Lopez-Minguez et al (2014) [40], with a distance of 10.1+2.5 mm
[18]. The LAA orifice can be found in three different positions rel-
ative to the LSPV orifice: higher, at the same level, or lower [5].
Most commonly (76.8%), it was situated at the level of the LSPV
orifice; in 19.6% of cases, it was below the LSPV orifice, and in
3.6%, it was above it [18]. According to some data, the LAA ori-
fice was most frequently located below the LSPV orifice (55.4%)
[21]; however, others found that both orifices were often at the

same level (57%) [43]. The angle between the LSPV and LAA in
LAA thrombi was smaller than in the control group (35.35+31.56
vs 37.29+37.24; p<0.01). The considerable variation of these val-
ues is noteworthy [25].

CONCLUSION

In patients with AF who have a history of LAA thrombosis
and/or stroke, the anatomical characteristics of the LAA can be
described as follows:

This appendage consists of several lobes and has a shape
that differs from the chicken wing type. It is most often shaped
like "cauliflower" or an "arrowhead", featuring large trabecula-
tions and an oval opening. The volume of the LAA in these pa-
tients is 1.4 to 1.7 times greater than normal values, with a vol-
ume exceeding 9.99 ml being a predictor of recurrent AF. This
condition is associated with an increase in both the depth and
surface area of the appendage.

However, there is currently no data regarding the impact of
appendage thrombosis, previous strokes, or AF on the external
dimensions and topography of the appendage.
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