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Assessment of Atrioventricular Valve Function Using Three-dimensional Echocardiography

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

With the advent of three-dimensional (3D) echocardiography, we are now able to assess the 3D geometry and
coordinated function of a complex structure, the atrioventricular valve (AV). Many studies have analyzed the
effects of annulus or leaflet morphology or the position of the papillary muscles on AV function. As early as the
1980s, published papers have analyzed AV valve annulus motion using 3D information acquired by rotating an
echo-probe around the axis of the heart and saving the two-dimensional echocardiographic images of each car-
diac cycle. In the 2000s, real-time 3D transthoracic and transesophageal echocardiography subsequently became
commercially available and proved their usefulness in actual clinical practice. The two methods for visualizing
3D echocardiographic data are volume rendering and multiplanar reconstruction. Volume rendering enables
understanding of the entire AV valve, whereas multiplanar reconstruction contributes to a more precise analysis
or quantitative evaluation. Here studies related to AV valve function mainly analyzed using 3D echocardiogra-
phy are discussed and future directions are described.
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Fig. 1 Three-dimensional echocardiography of the mitral valve cleft

(A) MPR: multiplanar reconstruction. (B) VR: volume rendering. LVOT: left ventricular outflow tract.
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Fig. 2 Atrioventricular valve complex

Blue arrows indicate pressure or force working on
the atrioventricular valve complex during systole.
AO: aorta, LAP: left atrial pressure, LVP: left ven-
tricular pressure, PM: papillary muscle.
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(A)

Anterior

Fig. 3 Saddle shape of the tricuspid and mitral valve annulus

(A) Tricuspid valve annulus: Yellow dots indicate the annulus. Note the saddle shape of the annulus with increased
height in the direction of the right ventricular outflow. (B) Mitral valve annulus: Yellow dots indicate the annulus. Note
the saddle shape of the annulus with increased height in the direction of the aorta. AO: aorta, MV: mitral valve, RVOT:
right ventricular outflow tract, TV: tricuspid valve.
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Fig. 4 Saddle shape of the mitral and tricuspid valve
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(A) Change in the saddle shape angle along one cardiac cycle. (B) Change in the saddle shape angle along one cardiac
cycle. (C) Change in the annular height to commissural width ratio along cardiac cycle. (D) Annular height and angle of
the saddle shape. AH, annular height, AHCWR: annular height to commissural width ratio, IC: isovolumic contraction
period, IR: isovolumic relaxation period, MV: mitral valve, ms: millisecond, SEM: standard error of mean, TV: tricuspid
valve. (A), (B): Modified from Ref. 1). (C): Modified from Ref. 23).
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Fig. 5 Effect of annular shape and leaflet curvature on mitral leaflet stress by finite element analysis

(A) Leaflet stress without leaflet billowing. (B) Leaflet stress with leaflet billowing. Note the significant reduction of leaf-
let stress by the billowing of the leaflet of the mitral valve. AHCWR was 15% for both cases. Reprinted from Ref. 2) with

permission (confirmation number=11576733).
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Fig. 6 The change of annular area of mitral and tricuspid valve
(A) The change of annular area of mitral valve along cardiac cycle. The annular area continuously enlarges during sys-
tole and becomes largest at isovolumic relaxation just before mitral valve opening. (B) The change of annular area of the
tricuspid valve along the cardiac cycle. The annular area shrinks during systole and becomes largest in late diastole, just
before the atrial contraction. BSA, body surface area; IC, isovolumic contraction period; IR, isovolumic relaxation period;
MV, mitral valve; SEM, standard error of mean; TV, tricuspid valve. Modified from Ref. 1).
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Fig. 7 The geometric change of the annular shape of the mitral and tricuspid valves

(A) The annular diameter of anteroposterior direction shrinks at end systole in the mitral valve. Arrows indicate the
direction of maximal reduction of annular diameter at end systole. (B) The annular diameter of lateral direction shrinks
at end systole in the tricuspid valve. Arrows indicate the direction of maximal reduction of the annular diameter at end
systole. AO: aorta, MV: mitral valve, PA: pulmonary artery, TV: tricuspid valve. Modified from Ref. 1).
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Z, FPh prolapse T2 Dz T LICH BN, FA
RO il & FLE T DL EREZ DI 5 K 5
WKETIDMERT 2 & h, (DEDERS A DOUNETIC
& 959 % (valvular-ventricular interaction) &5 X
HNTWA. FHEERICHITNE PO coaptation 1T £ H
THEDEZ L ORNZIFERHICHEIL THH, 20

717 valvular-ventricular interaction IC 2559 % /1 &

O 2 RBME L H 5. T OHETRIGHETRA
DE-FEAGEZ 90mmHg (12kPa) & L72HAIC,

AT FL BT IS 13 e K C 59N () 600g B &), R 7LUH
i 5.8N (K 590g Hig) DJMEIE, T DORFIC
valvular-ventricular interaction IZ 2F5-9 % 77 1% ifi L
HZztbed L 48N (490g Fim) ICET 2 LM
LTW3 2, ZLT, TDiEstrut chordae Z&15
TRMEEDNEILET B EENB. Strut chordae Z
BUETO_RBERZRE L TEEFERZITO &,

FEEBHRICBONTIAZED RN DD, Rz
ELRLDEBIZBO TR OZEEMENE L TLENE
WRBEIC LT % T E MM I N TV B 2. S
IZ X % valvular-ventricular interaction 0 JJ 13 I
OB TR AL, DEOEMGMOEEZHERT S
HELTEBDTHZ AR REENTNS. —
i, A8IEFO— X% (marginal chorda (1st-order
chorda)) <A 291, L=EEA 90~150 mmHg
(12~20kPa) DFIFTHNUL, Z DffIZ 0.45~0.50N
(¥ 50g &) THD, strut chordae IZid—RIERD
K3 FEDEEN DD B 25 EH R EIERE A
BT, FEA-XERICHDZENIZIEHET
HBH, HLEHONMEZZLEE S & DRI
BT % 20, DG SRR R Bk
F 2 DR RIS © Te LB OIMU T NOBENZ, TR
@ coaptation Z /LR AICH| & FIF 5 (tenting) &
FIRFIC, MRS ZRINICAEEZE TS, miR
I AT 2 MR ORI EINCIE NG 5. Otsuji H &
R % OBSRERE F1C 381 5 BEREMERIEF BB A 2 DR
E L THHHOMRERTE 2 Tlda<, BTLAHL
KU T IS 3T 2 FLEE O SMTT N\ DR AL YA
AL THEEEINTSH B T L 7% 3DE I X BN T
RONCZEE LT 2. LB OIMUS NDZERLIZFF
O tenting L FEARIC K DU EE25T. Fiz,

R D BRSO, EIHAICEE I OEMmL
PR OMERE 2| Z T L, prolapse DFK L 75 %.

T 115 D tenting *® prolapse 7% EIC DWW TIEBIET
& 3DE Wi{§h Sl D Y 7 & W CE &Mz 3
% T EeHAfEL 72> T\ 5. Fig. 81C Philips #L# D
Mitral Valve Quantification software (MVQ) (QLAB
Cardiac 3DQ; Philips Medical Systems, Andover, MA)
W T RN UTefBE 2~ d (Fig. 8). MVQ »Mfig
Wi T &2 DRFAMELT I—METH 5N RT3DE
DTF—RIZBENBH, TOV T FTIE60IHHLL
FoiEEZEHTES. ENERLDELT, Wi
R HBROFME, tenting-height (F7 D coaptation
MO AL TOmmE) B XU tenting-volume, pro-
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Fig. 8 The reconstructed image of the mitral valve using mitral valve quantification software

(A) Note the mild billowing of anterior leaflet. (B) Note the tenting of mitral valve. A: anterior, AL: anterolateral, AO:

aorta, P: posterior, PM; posteromedial.

lapse-height, prolapse-volume, {8 5 7 #ii & K @) I
fFrlmO A Ex ENRHinRETH B, e, AV T b
THRATE 725 HIE 1 multidetector row computed
tomography (MDCT) T35 N7 —X & Bif/stA
BERDZ . 2, MVQEHWTHDIM O
JE725HS % T & TEMSPBE D 727 T fibroelastic
deficiency & Barlow disease D#EHI|IMAJEETH >z &
DWELH Y, EEKTORHBITDNTNS ¥,

4. HEXMMERRBICSITBHA
HORICBOWTHEZEMERERE T O TRICKE CEE
F % 0V, BT AR O I B heterotaxy i {5
HICBW TR ZOEICET 3 FEEAN = p0ihifE
ERIETHZ LD, AUHZEHLYTL, B
i EEAEEEZEIMICD > THERF LTV C
EVEMO FTIFEICEE LGRS, eI
BIERAFICDOVTOHREIZ D2, ZOFFELL
ANZALIZDVTOWE DN, Thuk, Kk
IDMETE BUEMREREIC 381 5 =977 heterotaxy JiF i fiF
AN 2 HEEEFOIEN IR ICZRIEICET C
EMD, W—MERHTZNEEIC L T0a T EM BT
D—DOELTHETOLNS. Xz, HEARORKICIE
cleft *°HIfEERIC X % tethering 7& £ DS KNI fiftH] 7
HEEICIIA T, ¥ 3 v 7HROMERNLEN RS
N o AR ENZRITIb S 2 &b,
PP & 7R 0 gt 2 RIS 5 2 & DV O
HELTEZABNS. O ICHMEREICHENT
& 3DE ZBR{id % C LIc K D EEAHEAERTE DA
ZALEMRIAT 5T LN TE S REMDH D, KL
FEMEIE BUERREIC 381 5 = RFPPHHAROEK & L

ARNRBERSBSFRIME £32F $65

Tl RE S & LB AT E S DG L TW0wa T
LIBMC LT . SRIMERAEEIERIC BT
&, FESILRLTED, £/ 0 saddle shape &
K ZBTEND, FIREREDIKNICKBFFANDA T
LAERMEC>TWEEEZALNS. &, A=
KIS Tl O IMUNDIRALIZ D coaptation
force 223 U 2 JTaNc @ <. FAERIC K 2 0HEK < 77
LRI EICIEREDIX P2 875 L, DMEKIEE
5 2L OMIEN 25 Z T b, T
NS OZALISEIFERICH AN T %, £7z, Taka-
hashi 513, TNSOEREITIA T, FBEHDOIMIUIS
NOBINAES T2 FD tethering, prolapse Z LT =5
FRHPRRREREAVNE N & B2 DK & 755 T
EERWELTVS . 272, BUEMIITE TV 3H
WAL TOERKELIFRE TN &b, SHEE
HED B NEND % .

5. SBOEE

3DE *® MRI O =Xtlfifiz VT LR Z G HEZE
FPEEEOAREZEET T IVEIER TE % T LW
ENTVB 7. ZIUTIEHIC SRR O AR
DNEDTERZENEGT S Lick b, BEAESHKS
HNICBIB AN L AZERTEZIENTES. &5
IZ, TOMRICHEKNi%OTHREZREEZINZN
X, MiEOEZEFNDARLAZYIal—yaVE
TIVEUTRHMIEY 52 ENAREL 72 %, Ge HIEfEIE
FRRISENIC A > TeABIE BB A SERIC B VT, Lk
FLDJT IR IO TERRO =AYIRHEi#% ORI S
AR LADEIEDNWTY 2 al—va v EfFoT
%. COMETIEMHETONRICNT 2 &EZRA LA
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MIRICAL R U, WICRRIEMNEIC A b L ADE N
3T ENHMICRENTVS . 5%, =Xt Ta—
DEERENE BITHER L, — D TR EmVZERB LT
B fRAEDBIRE2 155 T e TED LD Ik,
Z LT, MDCT > MRl 7% & DO W GIER E DH
B EGR EDEDIE, FEED SO 2 2 L—
T a v E RS AREMEND . T LT, TOFE
AR ORRD X 2 REMAEERICBWTEDE
HeZzbN%. FEL U THRESEMITE L2/
IRPEERARFLERIDN IR TIT5 C L IZRHETH B 2 &
5, MB T2 LD TEROEMR & OEHEN ST
DHFFEDFRIBIC IR ETH B EEZBNS.

=R
ma =]

3DE X EEFE S RO ARG = ITICiEZ %
TEERUREIC LTz, T DT AL O E I
o ltEEROEREE, BEMEEARDOANZX
LICHHY 2 F A< OPRfR7Z DS T LICEHBRL TX 7z,
1% 3DE (3 E EAHEEED R D X 5 I E B %E %
RizgceickhdEEZLENED, BIED 3DE i
GEEPIF I D FRAED R R <, & 572 2R G H
YEns. £, S%OGEEDO—DIC, FilfivIa
L—ya YA\DIGHPEFENS. oEKEXY
T4 TSN =il & 3DE OE =Gz i1
HAREDEDZT LT, 7 FOLEPLAFEDOHEMNIEFIC
EHETIERIC BO T EIE G RO 2RGZIET % C
ENBATIED LTINS, DX S RERIERD
AR EIEDRICFIN Y I 2 L— 3 icD0NT
DBEERNTTL 2NN D 5.
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