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Anatomical Assessment of the Atrioventricular Valve Using Echocardiography

Masaki Nii
Shizuoka Children’s Hospital, Cardiac Department, Shizuoka, Japan

The function of the atrioventricular valve (AVV) has a great impact on the outcome of patients with congenital
heart disease, especially those with single ventricular physiology. AVV regurgitation induces an elevation in
atrial pressure, leading to an increase of both systemic and pulmonary venous pressure, and results in systemic
and pulmonary congestion. There are three types of AVV: 1) mitral valve; 2) tricuspid valve; and 3) common
AVYV, all of which are morphologically very different. The AVV morphologies in patients with heterotaxy
syndrome are extremely diversified, and thus are different from patient to patient. The function of the AVV is
regulated not only by the valvar apparatus, but also by the subvalvar anatomy, ventricular, and atrial function.
Although the precise preoperative anatomical assessment of the AVV still remains elusive, there are no other
imaging modalities superior to echocardiography, including intraoperative transesophageal echocardiography
or three-dimensional echocardiography. The tricuspid valve in patients with hypoplastic left heart syndrome
or the common AVV with heterotaxy syndrome, are the most difficult AVVs to repair in single ventricles due
to its complex anatomy. Thus, establishing the methodology for how to repair the AVV in this patient group
would be a great contribution to prognostic improvement. Here an overview is presented on the usage of
two-dimensional, three-dimensional, and transesophageal echocardiography to assess the anatomy of the AVV
in pediatric patients.

Keywords: atrioventricular valve, mitral valve, tricuspid valve, common atrioventricular valve, con-
genital heart disease
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REEODTI— =L -2 FO COLT I 2 BEME R IZAE LRV, £z, HLEO
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BEEFIZOE ELEDERTH % EE M (atrio-
ventricular groove) D.LWIEHNCAE(EL, HLRIIC
BOTEDLEN S LDEADIMERADT — & LT,
Flz, IHEHICBOTIZDZED S.OEND TR 2
B SkmEZ R 729, T OFANCIS F R -HITEIE B it
(epithelial to mesenchymal transformation: EMT) I
K DDA Rl A S BIEER R TP iR L TR T
T DABRKRD K E S BD > TWa. DiE (cardiac
tube) D)L— ¥ 2 T TR COMEHIR IS K & 7t
L& UTHES 5= E (atrioventricular canal) 1<
DWNEIRDLOE « DEDOREEZTET % O & (AR
FEEADIERENS. EMT 2 DHROEZEIFEKY
E7 1 > 7ICiZ BMP (bone morphogenetic protein)
ZE ¥, TGF-B (transforming growth factor), 7
WyZa—1 g2 0¥ T FIRERTHHES
LTWB T eMRHENTETHE Y. BIZE, 21-
FUY =BT 21 FREAKERE D Down
syndrome critical region ICI— FEN TV % DSCR1
(down syndrome critical region 1) ** DYRK1 (dual-
specificity tyrosine phosphorylation-regulated kinase)
MEUYI—LICKVBREREITZLICKD, &
Vo Za—V OMIlANERTH % NFATe (nuclear
factor of activated T cell) DIEFELAHEZ N, LN
TRRHRROTE SR E DL T, BEFRRRIENG[EE T
ENBEEZLNTVS Y. FEROBHICTIG O
IRTET T L, DWNBERD NERICAAES 2 0= D
JPREZAL L RS BIG 9 5. O=EMEEZONIRIK & D
A TE 2 OR © TORE T RIS B VWIRICE S ATciR
B (undermining) 2321, OARJEICITVWOTEEE
T (EBw o) OXSAEFRZETS LIcK D
REFLFMMDIERE NS, FEEYIIC B TRk E
LB R e 29 50, FAEDHEITE L BICH
PMEdme A RRAE MR B E N TR LR D, D
HIAFm & UCBET 5 V. RERD BAE%EN
£ TOREIMEEMAAOIHEC X 0 AR L TV
<M, A:#% 4 Hilite @ X % & pifts & 2L & 28
i LTV 2 s OMIEEME RS 2. ORI
MR O HHEAMFE L U, DARED O D B AV O i
DREK (hypertrophy) I &> TiThbh b & 5 ITini
THRHE —EI 5. TORBAICTTNSMIEAD
AL, Mg FU ko THEEMA NG
H S FHEREO TR AEA TV Y. AR 1 ER
THOMIIIIEE DO FARDHE T L, £%2~3HT
FPRD coaptation-zone I 51 2 K HIMEALE A 52T

%Y. BEALTEEMNE 4TSN TEY, OF
fll77 5 atrialis, spongiosa, fibrosa Z L C ventricularis
IS N %, Fibrosa 1 EICBEHETRERENT
B HEROBIERGE & itz D, T OFEIZFOE
e LTOREIZRIEL, FRICHDNBHERTICLA
%. —Jj, spongiosa lZ 70T AT VA Y, JUaY
/U0 A T UTHIERETHR S NTED, K
RRIBEVEZIEKT S, Tar+ 7V ares71)a
Y7V A VEEKEOEE RO D, £<
DK TFEREBTHT LICKDFIRL, FcHARIcE
FBFRHBOKED Y v v a v OREIERET Y. B
R COX S ITHMBRITRZRTIERENS D,
BEFP & =S TGN R E SRR, KHEE=
F*, HFIC heterotaxy JEMERFIC B 0F 9 % HilE 71
JEREMEICKE K B5 5. AR T, BEETOMHT]
FHLOT I —FHEIC DV TR 2175 .

FXRMEEEAERE

1. ERBEAESHEEE

Fig. VICH RO ERMEFAESRZRT. [T
AR EOR RiRE%A), B i, HRT
LU CHBm Z 3T 0NREO—fzid. LrL,
IEH 75 EEREREHERF D 72 DI TN S A RERD
BEREICIA T, DB ELEOKRESEE L5, EiE
FHIRIEEZEDRMAB LIRS 2R T2 1—T7 D&
INAAEL, EEARON 1/3 2 5D 5. wisIEKE)
iR & Kt E Rz A LT 0, MMEMER O Ao
SRICAEAE S B 4G HETZ #R#E = (fibrous trigone) & F5
5. ARRHETE = B RRERER bR & & & IS HULRRHE AR
R L THD, HULRHEARS Fo A P 2 Pl 3 Dl
MEPEE A O TR ) £ 75 5. BRI HEIE T i
D 2/3 OEiPHZE 5, scallop &PEEND 3HEDFFT
EHHERKE NS, TS scallop IX/EHT A BIIEIC P1
(anterolateral section), P2 (middle section) Z L T
P3 (posteromedial section) & FEIEN1%. 7% scallop
M DYJNIAFA % indentation & FERD, 23 & ¥z D
COYIGAARIZEH W E THELLL. N6’
RO section [T B HIRDFEMIZEIC AL, A2
ZLUTA3 LS, FIROFEmMBEIIZRARLOETK
EL, MR EBRZ DR AR PiRmAED
Kofiens, AERBICRHOND ST & THiRE
REATE (zone of apposition) TD1777% coaptation
height Z{#DC LA TES ¥, i FOEELMIEY) &
U TR L AL MFIES 5. RO FHICIE I
NN K 2 0 EHRDIPREIC K B 08D
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Fig. T Normal mitral valve

(B)

(A) Normal mitral valve of a neonate. (B) Three-dimensional echocardiography of a normal mitral valve (atrial view).
A-com: anterior commissure; ALPM: anterolateral papillary muscle; AO: aorta; CFB: central fibrous body; LT: left trigone;

P-com: posterior commissure; RT: right trigone.

FENFAET 20, BIRANCIZ IR AT COn %z
A0 —lHTH b, THIERO 3 FFHICHHH
ENs. 1 XWEE (Ist order chordae/marginal chor-
dae) (FFPDUIRNHE LIFRD prolapse 2B <15
R, 2 KEZR (2nd-order chordae/rough-zone
chordae) 1F34#% 54 U 72 77 D rough-zone IC
WAL, RICHDZMEETICKZ5%E RS,
valvular-ventricular interaction i & B 53 %. 22X
RO TRE RV 2 ADOIERZ SRR (strut
chordae) &PETF, FLEAMI O LA T 5. A
BRI IR IAIC 1 KIER DK 3 158 DR END D
%9, 3, i % (3rd-order chordae/basal chordae)
BHRROACED BN, DEBEDRAED S E LG
U 7 IR DA (basal zone) AT 5. FD
AW TH % zone of apposition DFPHi I D57 22
i (commissure) & PESAY, FLEFH I F5AHED FiC
MiEd 5. mIFLEHT 3 a3 (anterior commissure:
A-com) DO FICALEL, 1 ADRHETHERENSG &
MBI, 7B 31228 (posterior commissure:
P-com) O FICHiE UEEDAFEIC K DRSNS T
EMZL.

2. #R/E.OII— (trans-esophageal echocar-
diography: TEE) | & {88
INECIEARR MRE T 01— T REFREEAF 5 g
Wl &, XLETEED RS MBZLELTEERE
M5, BMAICE LT TEE BMrbh s bixn.

BRNRBERSBFEME F£33E ¥25

UL, FRIEEAR ORI 1T O Fofé @i 2 TEE T
15 TENEFLL, HWELLT O— L3 F X572
ENGRIET 2 EICK O ARZRRTE L
®, BHUSFESNTOWISFHERER T DA = X LDV
THICHEOBIENAIREL X B e HB. ZLT, T
FNUIHBHE & —HEIC T RO RRIERR 21T O NETH
. BUE, AN TV %KAM matrix TEE 71—
T3 kE 25kg LETHNUS/ N TEEATES T L
MEZVD, St A ADVBEIER 15 mm//E & 12mm ##
(v 7 MliRIE 9~10mm) L REFWVWT D,

FIENARDVNE WG D AN RN D 5 55
A, R EENANGA LB PFRER O SGEN D
LRI BE557% 212, YN O TEE 70—
7 Gt A AEHK 10mm//EE 8mm « ¥ v 7 b
£ 6.7mm) ZMHd %. /NEH D omni-plane TEE
Tu— T3 RHE Skg A ETHNIMAATRER T &
2. &8, LIl Uz TEE 70— 7 Oy 1 Xk
#M7x A — 71— omni-plane DY A X TH D, A—
71—1Z & > Tld omni-plane TEE 7' 11— 7 DHIT/NE
WE DX, bi-plane & L < & single-plane DI
TEE 7u—7Z L THH, Th5id5kg L FD
FLIHICEHHARECH S, L L, kg U FIcix2 L
RO SR MA TN D EDRENHRL 55T L
N5, ZTOMS2HEEICHETS 20805 5. Kz,

W - Rl (REPABMRA L), ks, /il
R - T - M - =, ERERAERANILE
7 QBB AERAANV =TI LE R E IS N
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Fig. 2 The basic plane of a transesophageal echocardiography of the mitral valve

(A) Mid-esophageal view. (B) Transgastric view. A-com: anterior commissure; AO: aorta; 4CHV: fore-chamber view;
LAX: long-axis view; ME: mid-esophageal; 2CHV: two-chamber view; P-com: posterior commissure.

TWERWD, EEONVZY TEEEEZR LTV
HEEPEOREZEEZIONS) OREICIIRFEELD
IIO—MEEIRZTHS. Tz, SEHEOATEIEETZ
D B L B R BN DRI R bR TH S T &
W5, BENNCIEEREEROMRNLETH S 7.

WIS, BT EEIOMiRIEZ L2 a0 L TH
H, BEETO—T7Z#HAY % L TmiT8RRICEY
B N IF T T DN TRRENZ GG S 2 HEICH] W
T BRENDH S, AEIEFFEHIC 9 % Wi e
i& (mid-esophageal: ME) & #¥H kil (trans-esoph-
ageal: TG) M £\ (Fig. 2). ME /Y Ji Wi i (0 %)
(Fig. 3) (FHDMEDHERETE, TR MAE DR 2
BHT DI L TV 5. DIEOHIIEN TONIER R
ICE KB, DUEESE TLEDNE IR
HENZ KO ICHRET B, Jzi2L, Bzl LTE
% L EIEEE L OEMNARICAR D BEME RN 5. X
7z, TOAETHRSNSmERIE Fig. 31R9@ED, #
P2 LRDOYID BT LIchbd T END, HIRD
A2 2B LTV TEBARIE PLICHY T AT HEMEAD
Ho, BHTERCBERENIRETHS. Tu—TD
HUANCKD, wizsEs 5 %3858 % Tt L 7§l
%7217 . Fig. 31C PAIVS (pulmonary atresia with
intact septum) CHIAZ @ Z G 0F L7z 3 sl 7
Z— R 7 JHigzRT. BT v > b FiliOBIC FEE
BLUBRAFTG OLABEZEH L, LIELD A3D
prolapse I & % HEEDOMIEFAB A 2ZE LTV
%. ME VU T ORAGHEEIEIC T, &/TNED D

Wi jet Zi88 5. Fig. 4 Tid ME (MR 3E W (K
45~60 J£), ME il G 120~140 &), € LT
FE W fe S BT (TG-basal SAX) 1 THED
MZBE L TV B ‘27" . A3 D prolapse IC X%
TR jet ICA T, fo%d NEERLES & 27 Lo THAS
DI I—ETHEZED 5.

3. ZEXMEEARE
S RVEBIEARE R, OFEORY ; @3#EDR

W QRO @I ORE | O LIk

7Ehii ; ©O~B DA HEHABFDRICHTHEINS.

Table 1 \CREM IR PIBO N FIR TR LT Y.

PURICARER M 72 e R PEAEIE 7 52 5 IS DWW TS

3.

(1) #AREE

A) MNP AER (isolated mitral valve cleft):
TR AT AR (Fig. 5A&B) : {ElEFPR1A
DA HEABIC BT, cleft & /£ B H BT
IS TEDZV. THUCH U THEEHRXE
WHE S FEMEZEF O cleft (02 A fR g~
5T ENBNY. L TNS ORI RN
LOTIRAEL, WEOERE % TR RIED £ i
TITbNsg. L, JRERA bR RO W AR
J& 72 18 5 JEBI TR B ZERRD ARG SN H
D, TOXSEHLEICBEEPRBORM TS
% —XALRIR/ZE D inlet-outlet disproportion
DAE, Z U TRE=SEFLIRNIE S ENERN & 7%

© 2017 Japanese Society of Pediatric Cardiology and Cardiac Surgery



144

TISO.1 MI0.3
T6207/Pediatric

TISO.1 MI0.3
T6207/Pediatric

TISO.1 MI03

T6207/Pediatric

Fig. 3 Mid-esophageal view of a transesophageal echocardiography
(A) Mid-esophageal four-chamber view at the anterior commissural level. (B) Mid-esophageal four-chamber view at
middle of the mitral valve. (C) Mid-esophageal four-chamber view at the posterior commissural level. Note significant
mitral valve regurgitation at the posterior commissure. A-com: anterior commissure; AO: aorta; MR: mitral regurgitation;

P-com: posterior commissure.

5. IEEMEEFARTRICIE deft ZFEELHREVT &
M5, BIRIC cleft WMEETNEHIBRE TH S
M, BRIFIEFHMEIEICHE VT scallop B EEH
(indentation) MEET BT &5, HEDH
T cleft & indentation Z #7192 C & IZH#HETH
%. 772U Fig. 5C&D D & 5 I< indentation A7
FICEEL, [AEERALD S DRz 11 5 HEImmn &
#Z2 b, deft LMEROMEY L E 2 HNB 0.
B) HE#EMIEF (double-orifice mitral valve: DOMV)
(Fig. 6): {HEA LA FFOMBEFHFKIC K O HED
FIICDE SN2 8 DZEL, BHZTNTH
DFF PN UTe s PN IERE N % (Fig.
6BV, M LA TS BT LT, RN
KAOGILLENE NS P, KBS DEGICE
WP R MEDRBICED U TIE(EL, B=EHh

ARNRBERSBSFRIME £33F $£25

FRRIRICHEDET 2 & ODKEEE D, fllcidk
BRI R KREIIRAEAESFICEIT 5 2 ENZ
V. FPETEHBEA 2 ZET 20, 9 1/3 ER
OFtREz A L, BEOREZETHEDITHN 1
HEETHS.

(2) REEE

YA (commissural fusion) @ FRASGHDIE LA

B THOMEIRZMES . 4 DR TSRS AL

OEFZEUL, 7 PO GIHRED EEICEUL

EHEOHEIEAHEZET 5.

(3) BREE

A) F/NEER (short chordae): BEERIZE WU T
<, MERELMEE L TR RO a[EEAME R L
TWBZ N2V, FOREFIRZRS T & Tk
FEORKE RS, Tz, HROFENEBD TIFIL
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Fig. 4 Mid-esophageal and transgastric view of the mitral valve

(A) Mid-esophageal mitral commissural view. (B) Mid-esophageal long-axis view at the posterior commissure. (C) Trans-
gastric basal short axis view. Note the significant prolapse of A3 with significant mitral valve regurgitation. The echoge-
nicity of the basal-inferior endocardium and the posteromedial papillary muscle are increased. A-com: anterior commis-
sure; AO: aorta; MR: mitral regurgitation; P-com: posterior commissure.

B)

4)
A)

L7eaicld, R RAE LSRR ALEAR I 5%
{1#9 % (muscularized chordae).
i i 2% (chordal elongation) : fitf 58 O 4t I
XD LT % Ao DU A Ao 5B BN & i
(prolapse) UiMRODJHK &%,

FLEERR R
/8T ¥ 2 — MYIEF? (parachute mitral valve):
AR 2 2 — NMEIRFPI /B NI B —FL
(2 {BRILEEM) ULNFEERT, T ORAFMIC
AR TR D DERNETIRL, [FARICE
B9 2 BN AR A1 & O EiE P PAEA R
BT LHRERTET. 2L, EENIC DDA
lWMEES 2B TE, — ORI T
BEEMNIR L, G089 2 B/IMER P SSEE A1 &
DEIERPIEZ 9 0% 87 7 2 — MEkEIE

77 (parachute-like asymmetric mitral valve) &

B)

MECY, ANEBOHRICTD 2505 5.
SLEEIE2UE (mitral arcade/hammock mitral
valve) (Fig. 7): Wi ZLEA R AN TAAE 1 0D 2 KA
BICKOIMEL TV BIBREZ D T L SIDE
L%, TORREMN arcade I TWVWB T &5
COW-U#H % %. Hammock mitral valve & [H]
—IEETH M, B TIE mitral arcade THEFR
MH—ENTW5. BENIEFICEL LI b
HEELTWA DD, FHCIIMRZNE
FICTPRDEHEINEHRICNET S, AEH K
TERMDDZHED T EWE L, FLEH ORIE A
FIREGEICIE e EREANERNERENET 5. C
DFEIEI RO EIEDEGICHIRE N, EEO
EIEF S L SR 2Ol 5 2 e % 1.

© 2017 Japanese Society of Pediatric Cardiology and Cardiac Surgery



146

Table 1 Classifications of mitral valve disease

1) Congenital mitral valve anatomical anomalies
A) Anomalies of the leaflet

Cleft mitral valve, Double orifice mitral valve, Excessive (accessory) mitral valve tissue, Ebstein’s anomaly, Hypoplasia/

dysplasia/atresia of leaflet, Unguarded mitral orifice
B) Anomalies of the commissure

Commissural fusion
C) Anomalies of the chordae tendineae

Short chordae, Chordal elongation, Chordal rupture
D) Anomalies of the papillary muscle

Parachute mitral valve, Mitral arcade, Obstruction by abnormal papillary muscle

E) Supramitral ring

Supramitral ring/membrane (intramitral variant/supramitral variant)

F) Combination of the above anomalies
2) Acquired mitral valve diseases
A) Infection

Endocarditis, Idiopathic infantile chordal rupture, Rheumatic heart disease

B) Secondary to pre-existing diseases

Kawasaki disease, SLE (Libman-Sacks endocarditis), Marfan syndrome, Loeys-Dietz syndrome, Ehlers-Danlos syndrome,
Familial mitral valve prolapse, Hurler syndrome (MPS-1), Hunter syndrome (MPS-2), Sanfilippo syndrome (MPS-3b),
Pseudoxanthoma elasticum, Carcinoid heart disease, Hyperthyroidism

C) Degenerative etiologies

Fibroelastic deficiency, Barlow's disease,
D) Functional etiologies

Myocardial ischemia/infarction, ASD, DCM, HOCM
E) latrogenic etiologies

Medication (Cabergoline/Pergolide/Bromocriptine/Fenfluramine/Dexfenfluramine/etc.)

ASD: atrial septal defect; DCM: dilated cardiomyopathy; HOCM: hypertrophied obstructive cardiomyopathy; MPS: mucopoly-

saccharidosis.

(5) {Eit87 3= (supramitral ring (supra-an-
nular mitral ring/supra-valvular mitral ste-
nosis) (Fig.8)

EIEFT DB HNC T U TR DS SREDMEIEFT I
THOZIO S K S ISR ZIERT 5. T OIAE
i 3 IE R O LRI AN A& U TR E Y & LT
ROfEp7Z RS 5455 (intramitral variant) (Fig.
7A&B) L, fHIEFFEIFEENTH BiciEe LT
fAEd %555 (supramitral variant) (Fig. 7C&D) A
AET %, PEEEEFENTEOERINMNEID &
TEMEFINCHIE L, TDT EM=DEL (cor-triatria-
tum sinister) & OEHIM LS. AREDHEIMTHE
923 W%T, ZLEAHLTFRZET . K
I, REIRFEAS N A THBO EBNIAERZE (B8
B, XD Y a— MMEEF, KBRS FAS) %
“if L7z & D% Shone complex (syndrome) & PFES.

4. BRUEBEAERSE

T T E TSR LI R fEiEFmmE L, %R
PEICEIEFREE Z O 2EEE LT FDE D%
F5N % (Table 1).

ARNRBERSBSFRIME £33F $£25

D BEYESIC B U 7o IR PR AL - RO PR
%K, FLIRPFEMMAIEARERIR, Vo< T
2)  EEEECEIC B U 7o IR AN ZS ¢ RS O LA R

(Marfan JiE {7 #f, Loeys-Dietz JiE 7 T, Ehlers-
Danlos JEMEE) 5 JIGRS 5 BEGE @ 25T 7
< b —7 A (Libman-Sacks endocarditis)

3) MEEY © L3 ZHEE (Hurler SEMAE, Hunter
JEMRE, Sanfilippo JEMRAE), GHUMEREHENE I 5%
il (pseudoxanthoma elasticum) ; N/ IB5EH
HIVF /A RIEWERE, HOIRBREEE Ttk & 1Y

RS, FLRRPEMEEIE IR UL RS E e

LR A OEELRBTH S, AL EAFD 95

BRSOV T Z DR G Z X LD TRE L TWVS. AR

BT ASRE R A AL H OREEREIRIC s | & T

ZEIRD IR IR TR X O HEOMEIEFPEHE A4

ZRIEL, BVERKIEZ M TEIEBR A 72 B9 2 R

TH5. FEHEAHTHZH, 1KLL FOFN, K

4~6 7 HOFLIRICHFEL, FECRDMRE A IENE

DFERNENZTNBS5B L 11%BEHETHB T LD

5z 2 & SRl 2 S O R OTEE T AR D

bNBRETHS .
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Fig. 5 Isolated mitral valve cleft
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(A) Transesophageal three-dimensional echocardiographic image of the isolated mitral valve cleft in the anterior leaflet
during systole (atrial view/en face view). (B) Transesophageal three-dimensional echocardiographic image of the iso-
lated mitral valve cleft in the anterior leaflet during diastole (atrial view/en face view). (C) Short axis image of transtho-
racic three-dimensional echocardiography during diastole. Note the cleft in the posterior leaflet leaching the annulus. (D)
Short axis image of the posterior mitral valve cleft. Note the mild regurgitation between P1 and P2 with a mild regurgi-
tation jet. Arrow a indicates cleft in the posterior leaflet. AO: aorta.

FERE=ZRARE

1. EE=%H

Fig. 9 ICHTERDIER =L L REEE 3 JotTa—
TOER =R 2R, ZIFPETFHED 3 PG
EBDOMNEETH BN, IEFICEOTEHMERR TOE
FOMEIE L LR L TREL, 2ABRE 4 AR HER
L35t HBb. =RSFHIR (anterior leaflet/supe-
rior leaflet) & 3 FFDEN TREAERAINKE L,
i EACAE L, A=RHEROAD ONOREFED K 5
IAHET B, = RFPHPRIS (septal leaflet/medial leaf-
let) FHIRICRONTRENFERBZFFD. FRRED
MERIZOE D SEHEAT 2 5, LETE
IR D WK CEE LAfERIcZ Lw. IEHE O
IR CRERNOBHRICHATZ C LidmnaT L
M5, HRRD C OFFHRINITERED =R 2R E O
2EDTHO, B E OGBS E 55,
%92 (posterior leaflet/inferior leaflet) (d#x & SRl
BAVINE L, FEREHNCAIE S . =RFOFFlwICIZH

M7 RHEME D RIEIMAE L E N T EHZ L, D
RRAEMEAHAR IS T D F T R ORRHE MR Hii
%. FHTHBRRORTTIEFRO b VENEEHEETRO
S BLRAANCHRNL LTz 5 2 THERRBHRRICZ D
TFHHET BT DD, FPERICHIE T ZRRDAEL
EWV. FTR EHRRADAEHE (antero-septal commis-
sure: AS-com) (3 RARES RO B & SEMNICALE L,

C D7 LA B HEERI3EE medial papillary muscle
complex (Lancisi's muscle) (MPM) »5itddsd %.

MPM (33d@ ¥ trabecula septomarginalis (TSM) i
i & BB I ISFRICALIE S 2 78, FLEHMNEE D &
LN, ABHHED 2 AFEET, RN TSM
b LLARE M SEEENT 25505 5. ik
#%ARD%5H (antero-posterior commissure: AP-com)
BHEZEOBRRICALE L, T DA NI HTFL B
(anterior papillary muscle: APM) WF(Ed 5. T D
FLEMEAENTRROAEG TH O, FAIC
#7 (moderator band) ZHfD. %A & HFER DA
(postero-septal commissure: PS-com) (&47% FEE &
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Fig. 6 Double orifice mitral valve

(A) Transthoracic short axis view of a double orifice
of the mitral valve. There are two distinct orifices
of the mitral valve. (B) Transesophageal echocar-
diography with color Doppler. Note the separate
inflows in the mitral valve and the two distinct pairs
of chordae supporting each orifice. ACO: accessory
orifice; LVOT: left ventricular outflow tract; MO:
main orifice.

HEROBATERICFEL, Z O FICEILE (poste-
rior papillary muscle: PPM) DFET 5.  DFLEH
ETEERRRHENCAFEL, NEWHABITH S T M E
WA R ERFED R Z N1,

2. =XRAORERE DT I—FHERAE
EZRAEBEOLRDHITTICAMEL TEHD, TEE
Ta—7h5OEENE AD, Ta—-E—LE =R
R L TRIDICS TR eh s, MigFLIELT
RS BISNRRWEE L 75 5. Fig. 10 ICIEH =577
O TEE Wiz "9, OF 9 ME UENTHICT R
BEMD S UMD AS-com X CTHEUEFINICBIZZITS.
MEFF & BRI T DOWT I I =2 Wi & PeAs 7 1
TEZDITHLTNDH, FiREBROBITHIEAH
A &ML, oM O TEAR 7T
»%. @ ME30-50°1% AS-com DBIZICHT 5. 4F
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HHEDERTELZEEIETHE LIFS L, AS-com
& MPM DL N T X %. 3@ ME60-90° (ME RV
inflow-outflow) TIIHIR EBRZDEEL THERT %
TENARZ LT, BICAHIEZ 90~100°F THd C
& T, AP-com DRIKW@Z15% Z EMTES.

3. ZXM=KARE (Table2)

T RN =SSP EEICE T 2P OMBERT 3 Z DIF
EAED, HEARTHS. WITE 21 PAIVS 5FD
LB BIERZ RN T, ZRPAED A OEHER
BETBERMEZRARKIZTEELEZN T, =
RFFPAFIA R 29 2 e RIE= P H DOIEERAYER R
7Y Ebstein i & = RARIELTH O, TNSIEMITH
REMNICIZIZIER CTH B, fERIPEINC IS HREIC LT
DEIEKFIENSD.

(1) Ebstein % (Ebstein’s anomaly) (Fig. 11)

ZOFMHIRIGNAAE 35 HBICIER E N, HRRAR L%
RIGENTHE 3 7 HEISERE NS V. L L%
ROFEAEDFRIC undermining DFEFHIC K > THRM,
SIME ST ROEENFIRE TEELZNT LTI D
JREENFEET . ARERICBO T, FERHOR
WHTIR D Fi & AS-com FS I IEH 2R APl I E K
&N, PS-com HBIZOARTT AN B 2N L 72 (il & 7%
%. CTOREREHIMEEEEN R (b2 ) O
RIEEEHEABONMNE ICEE S N/IRET, i
DFED DR IMORITIANTNED T X 5 GIERE L
%% b, “rotational displacement of the hinge
point” &I NS, FFRODIED Fur7z (plastering)
AL DAL IEEL (UhB) LU, HEIAS
EMEN S, BIROIGED EH TlEa<, fPRmE
BREL sail BREFFEN D T LMD, IREIED
Ebstein J5 CldaiRmfE Znd LERKE <AL, [FRE
IZ APM DARJE PRI Z E,  ATE PSR I il
[RENTWZ T ehH b, HROMERDMEDE
DI, HIROFFERILln A 4 HEBEI IR O AWV TrfE)
PEMDHIE LT IRRE £ 72 D linear or hyphenated distal
attachment & EEN % 119,

(2) ZLHFEMM (tricuspid valve dysplasia)
(Fig. 12)

ZRFOMKERTH ZFLE, R, AFHDOWT
NOOMERFICK D =ZRAHAEASAZZRL TS
WHER RS . REORK L LTI, ARINERH
ST SRR D R T D 5 50, BRICEK S
tethering F D MO R E L FKHICEH T H T &
MNE. BERENF G (B> V) ONERFE RN T
& T Ebstein J5 & (&R E N 5.
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Fig. 7 Mitral arcade
(A) Short axis image of the mitral arcade. (B) Apical two-chamber view of the mitral arcade. Arrows indicate the myo-
cardial bridge between the two papillary muscles. Note the resemblance of the morphology between the mitral valve
anatomy and the arcade.

o 119w

Fig. 8 Supramitral ring
(A) and (B) Transesophageal echocardiography of the supramitral ring (intramitral variant). Arrows indicate membranous
structures adhering to the atrial side of the mitral leaflet, which restrict the opening of the leaflets. Note the accelerated
flow at the supramitral ring. (C) Apical four-chamber image of the supramitral ring (supramitral variant). (D) Long-axis
image of the supramitral ring (supramitral variant). Arrowheads indicate the supramitral ring, which is located below the
orifice of the left atrial appendage. AO: aorta; LA: left atrium; LV: left ventricle; PMPM: posteromedial papillary muscle.
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Fig. 9 Normal tricuspid valve
(A) Normal tricuspid valve of a neonate. (B) Three-dimensional echocardiography of the normal tricuspid valve (atrial
view). AL: anterior leaflet; APM: anterior papillary muscle; AS-com: antero-superior commissure; AP-com: antero-pos-
terior commissure; MPM: medial papillary muscle; PAV: pulmonary valve; PL: posterior leaflet; PPM: posterior papillary

muscle; PS-com: postero-septal commissure; SL: septa leaflet.

ME 4CHV: 0°

ME AS-commissural: 30-50°

o
&0
o
3

SE oy,

i

ME RV-in: 90-100°

o 105 w0

|

'BATT: 37.00
TEE T 351C

PAT T: 37.0C
TEET 391C

Fig. 10 The basic plane of a transesophageal echocardiography of the tricuspid valve
AL: anterior leaflet; APM: anterior papillary muscle; AS-com: antero-superior commissure; AP-com: antero-posterior

commissure; ME: mid-esophageal; MPM: medial papillary muscle; PL: posterior leaflet; PS-com: postero-septal com-

missure; RV: right ventricle; RVOT: right ventricular outflow tract; SL: septa leaflet.
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Table 2 Classifications of tricuspid valve disease

1) Congenital tricuspid valve anatomical anomalies
A) Anomalies of the leaflet

Ebstein’s anomaly, tricuspid valve dysplasia, tricuspid valve hypoplasia/atresia
Double orifice tricuspid valve, unguarded tricuspid valve orifice

B) Anomalies of the chordae
Straddling, Prolapse
C) Increased right ventricular volume

ASD, Anomalous pulmonary venous return, Pulmonary valve regurgitation

D) Increased right ventricular pressure

Pulmonary hypertension, Pulmonary stenosis, Two-chambered RV

E) Right ventricular disease
ARVC, Uhl's disease, Endocardial fibroelastosis
2) Acquired tricuspid valve diseases
A) Infection
Endocarditis, Rheumatic heart disease
B) Secondary to pre-existing disease
Carcinoid heart disease, Trauma

C) Functional etiologies

Myocardial ischemia/infarction, Left sided valvular heart disease = TV annular dilation

D) latrogenic etiologies

Pacemaker leads, Radiation, Biopsy, Medication(cabergoline/pergolide/bromocriptine/etc.)

ASD: atrial septal defect; ARVC: arrhythmogenic right ventricular cardiomyopathy; RV: right ventricle; TV: tricuspid valve.

Fig. 11 Ebstein’s anomaly

(A) Apical four-chamber view of an Ebstein’s anomaly. (B) Multiplanar reconstruction of three-dimensional echocar-
diography. Note the significantly enlarged atriarized right ventricle. The arrow indicates the plastering of the septal
leaflet and posterior leaflet. Arrowheads indicate the linear distal attachment of the anterior leaflet. AL: anterior leaflet;

PL: posterior leaflet; SL: septa leaflet.

(3) EE=%#0 (double-orifice tricuspid valve:
DOTV)

Xk Bk 22 BlOHED D B DIHTHZH, FEX
KIEBEBREINTOREFNZ VB EHETINS.
Wil 59 B REFIDY 65%, PRAS L iifiE 29 B e
M25%, &L CIERZPHEREZHE L T2 AEFIA
12.5% L EnTV5 2.

4, ZOMD=ZLRARE (Table2)

LZEORRAMREAMZ S REIC BV TIERE L
DOIRET=RAHAENEL S 5. T lzp IS
BOTELRMEER, FHCMiEmRRICHT 258 T
T ABICE T T % ZRAMHEARENEMTZD
EELHERTFTHS T EMEFEREENTETY
%2 ZRAHBAREIPEEL FTH-> TELEW
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Fig. 12 Congenital tricuspid valve dysplasia

(A) Apical four-chamber view of tricuspid valve dysplasia. Note the significantly enlarged right ventricle and atrium.
The arrowhead indicates the accessory tissue of the tricuspid valve. (B) There is a huge coaptation gap in the center of
the tricuspid valve, where a massive regurgitation jet originates.

Fig. 13 Complete atrioventricular septal defect

§ P w. o 51 )A
" By courtesy of Dr. Jeffrey F. Smallhorn

(A) Three-dimensional echocardiographic image of the common atrioventricular valve (Rastelli type C) (atrial view). (B)
A specimen of the common atrioventricular valve (Rastelli type C) (By courtesy of Dr. Jeffrey F Smallhorn). AL: ante-
rior leaflet; AOV: aortic valve; IBL: inferior bridging leaflet; LL: lateral leaflet; RLL: right lateral leaflet; SBL: superior

bridging leaflet.

ICOTz> THIEIRD T EMB 0D, BEHTOLASE
FIESR, FFEM-SSHAHEE, X723 EARHEE T
75 EZRPABEARICHIL 5 2R NIEE R 2 &
&9 5 &, EORHHICT AT ST EMEYIA/NERE
HTELHET ZRENDH B 2>,

HBEEEF

1. EZEHMR/IIEE (atrioventricular sepal defect:
AVSD) |c&B LI BEZA (Fig. 13)

P EHBRRABAE R R RO RIE & 5 BT H 2
Gl B MEIFNRE L ERIND. ZLT, TOD
ERTHIT N EEAREORHO—DIZ, Hidz
ERWTHS. WO L5 0 —DDREZEF%Z
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AU THO.OE-LDEMEEGLTED, Tz, Hid

B EFEMFEMIE CTH % T & TRENRF D HT /T RAL

(unwedged position) MFE T D, =D inlet-outlet

disproportion DILHEZ 29 5. & 5 —DDRBIIKF

RN ARELETH % . @ 5 FERRERRL,

ZTNZTNLLTOX S ITEHETNS.

1) superior bridging leaflet (SBL)/anterior bridging
leaflet : FREROHAMANCALE L, F7LBERAHIRZ
O THLZEICHIA S % C &M 5 bridging leaflet
EIHEND (Fo72 L T OFFHIE Rastelli type A 7%
FR <)

2) inferior bridging leaflet (IBL)/posterior bridging
leaflet : P> MEEMICAZIE L, SBL &I[nlkkiCH
BRZ BV CRLDEICHT L RO AT S
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Fig. 14 Complete atrioventricular septal defect with single left papillary muscle

3)

4)

5)

(A) An apical four-chamber view showing the complete atrioventricular septal defect. (B) A subcostal short axis view
of the common atrioventricular valve during diastole There is no lateral leaflet. (C) A subcostal short axis view of the
common atrioventricular vale during systole. There is only one papillary muscle in the left ventricle. AL: anterior leaf-
let; IBL: inferior bridging leaflet; RLL: right lateral leaflet; SBL: superior bridging leaflet; SPM: single papillary muscle.

lateral leaflet (LL)/left mural leaflet : /&= Dl[EE
ICALE U R LB - e LB A E T %
(right) anterior leaflet (AL)/antero-superior
leaflet : HEDAHEPICHIEL, FOKRE I
SBL DY 1 R K W &5 %

right lateral leaflet (RLL)/right mural leaflet : 15
VER D lateral leaflet IS T 5. e MER
HBR/RIBSE (complete AVSD) T ld 3l 5 = f7
ORI FFHRRICARE S BITFEET 54, SBL
& IBL [ D5 F7AH#K (connecting tongue) IC
KO FOBONEL 2 WIS B E NS5 7%,
R R R /RIESE (intermediate-AVSD) &
ST %, HRIRE S R RAEE T MR E
IRIMAER LSRR REZ > TWE D, 77 RS
MIEF I ME LTz & OB 178 B = g /K48
Jit (transitional-AVSD), X7-Fp NEASHTFEELE
IS, —RFLDFEHBRRIHD A DREHEDH 5 2 A
SERMEEPRRIBME (partial AVSD) & 7%HT
5. BATH & ARTE e G2 vh R RARE Tl R DB
CIDV L TV B 720 T SMNT LI et O F i
WERENTVWE I EZERELTEATVSY
HBWHZN, LI LX) ICIEHEDO =RFICH

W& R BRER IS I TR /R =i
PEELIRNWT DD, TOERICIIELND S
LEZOND. BRI K D & ERHREAL &
IR EMEICHEL B CENEELEX
bN%. ERREEPRRRIEIEIZHEIC SBL DJF
REICJE UC Rastelli 7 THHFIND D, A
TIIEET S, 5B, BEHRRKXIE TP
OALE S IR L 8A 0, FiFLE A aiEERIE D
BB, HRALTEDEATELEER K E GED
<. TR, mFLEEHOZEMMAMEREGRE BT
BAfR &0, FLBHMEME EH XD R A
%2,

(1) AEZEBE—I5EH (single papillary muscle of

left ventricle) (Fig.14)

P 28 W R R SRE S 45 W C U LS 5 T B Al Y 1 K
DEHELEBH, TOHEEN LL OY 4 X7z KLY %
T EICEH, LL OY A X & T OFFO D 3 HIE L
DOHKREAN DEIRBOBRO Tl i #tZikh % &
PR E RS, LW N S LLOY A X
AUNE VL DR DA DN 5 SBL-IBL [ D
apposition FRO e RPABKEE & 75 5. PLIAR R PR
PVNE I3 T MBI —Z B TH D, TOHAI
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Balanced
Connection

Unbalanced
Connection

Univentricular
Connection

Type A Type B

Type C

Fig. 15 Shizuoka Children’s Hospital classification of the atrioventricular valve in patients with heterotaxy

syndrome

AO: aorta; IVS: interventricular septum; L: left ventricle; R: right ventricle. Reprinted with permission from refer-

ence 17).

BT LL IZMEDIE R LIRS %.
(2) ZEEEZEHNO (double-orifice atrioventricu-
lar valve: DOAVV)

Mayo clinic 7 5 D& TIEBHOMZ 1T L7z fE %2
HiERIHD 6.7% I DOAVV ZiZH T\ 5. T Dk
M C partial AVSD NOEHDPEREZ < 64%, KT
complete AVSD: 36%, intermediate AVSD: 2% T&b >
7z. Accessory orifice D B [1E8A71d IBL ViR & £ <
90%7% (&, SBL % 10%, UL L LL\OBIEIAD
ENTOEWN 2.

2. Heterotaxy EZE ICEH LEHEBEEER
(Fig. 15)

AJEGRE TR HLLE ElOES U IFHLED Hod
FEEFZNTUTHET 5. AIERREOREZE I8 O
P2 PR RIRSEIC B0 % HIBRE=EFICHE U Ciflim S 1
T ENZVD, FERRIROEZZTR MIEZ 5D
TPREIIRELSFRED, RO DORMENRLS, K&
WA LICRESTREEZET 5. LA LAED
5, AJEMGERACEOFS 5 Hod B = 7B RE D fif ] 2 HY
MR ERELEN Y. RLABILAEEFELREED
HARGEEATLL N D 3 FHC /I 725748 (Shizuoka Chil-
dren’s Hospital classification/SCH-classification) 74z
BLTWa 7.

1) Balanced connection (type A): fLififE=FA il
DENIFICHAT 2 (L 46%).
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2) Unbalanced connection (type B): Hi@pE %P/
FIC—FTDLENHITT 5 (PUEEWT C D4R
e (b LU @PlwmsD o 2/3 LLED
DLEANFLD G 19%).

3) Single connection (type C): MHi@E =M —J)
DLEDOHBNFIIT 2 HE35%). COHER
FEEFAOHMITL TWERWHO.LHEZEIEKE 7%
2 7).

INEOLEEOHMERBOMIC, LEPRO
scooping M5 <, FLEAM OIKIE B RIER, £/
FPROBIEHR EZEI LT N L BRICEIT S
N%. ARVLEAERTEA I AR O FLE 20 5 O Tl
LOTDITFPIEE tethering Z2321F, HFFE LD
HORER ST TR tenting JERE L 72 % T EAZ L. tent-
ing DFRWIEGNZ B E A AR Z G0 5 2 &M
<, 7T DO&K D NI ORI E > Ui ORRE
MAEBTEE LTV, £z, AIEMRRETIE Type-A
DX BHLEDNTG VARSIHET 555G TE, %
DEARVNENT &9, FlOEEREINNENT &
D EHLERRMNEREND ENEEAETHD,
1986 £EMN 5 2015 DRI FHIAIAL C & &l e %72
Ure Mo R CEPE R ER] 161 61D 5 5
ZOERBICE S TEFNEEMC 26 1%) TH B
(unpublished data). FFICFLIHAFHAD HLLEJEERIC
Bl 5 EEFAFA R 2RO #E L2 < T
EMD, TNETOMETE THRAEBRAFICHTEE
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N5 . 5% OEEBHISHT 2 RERE G TR
PEOUENEEND.

=
ma on

FEEMERITEEICD 0 NOM@EFERETE. HOE
TEERIC 38U 2 B VL AL AT A O & D 5 7
P2 mortality ICIEAET 203, EHIMMER TR
W9 5T EDE2VIMEROEDREZEFHABEAZICE N
TE, NEOBUEINCIXBEE U 7z RD BEE(E LT <
3. DILI—MENEEFIHMEOREEZEGEZ Y
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TOODT I — I FIRERMIC S I Z D B B AR S
EEZOND. Fiz, 320THhT— R THRONE
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i DX B E BRI NS 2 Y] 7 /T ARFC
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