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Summary

In the present study, the ballooning pattern of the anterior mitral valve (AMYV) in mitral valve pro-
lapse (MVP) was investigated, and new diagnostic criteria for MVP were established using two-dimen-
sional and Doppler echocardiography. The study population consisted of 164 patients with prolapse of
the AMV alone, including 86 patients with idiopathic MVP, 52 associated with atrial septal defect (ASD),
17 having chordal rupture and nine associated with connective tissue disorders. There were 60 normal
controls.

The results were as follows:

1. The AMYV was divided into two zones, clear and rough (CZ and RZ), according to the point of
insertion of the strut chordae based on two-dimensional long-axis echocardiograms of the left ventricle.
The severity of AMV prolapse was determined by an angle between the posterior aortic wall (PAO)-
CZ and the CZ-RZ.

a) Type A: Apparently there was a transitional point between CZ and RZ, despite normal
PAO-CZ and CZ-RZ angles. The RZ showed mild ballooning or prolapse into the left atrium.

b) Type B: Although the PAO-CZ angle was normal, the CZ-RZ angle was markedly narrowed.
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Therefore, prolapse of the RZ was more severe compared with that of type A.
c) Type C: An overall zone of the AMV showed ballooning or prolapse into the left atrium due

to a narrowed PAO-CZ angle.

2. Type B prolapse was frequently observed in idiopathic MVP (589%,), the ASD group (71%,) and
the chordal rupture group (719%,), and type C prolapse in MVP of connective tissue disorders (89%,).

3. All of 18 patients (1009,) with type A, 48 of 99 (489,) with type B, and 10 of 47 (219,) with
type C could not be diagnosed as MVP using Gilbert’s criterion.

4. Doppler mitral regurgitation (MR) was detected in 40 of the 47 patients (85%,) with type C,
in 56 of the 99 (59%,) with type B, and in seven of the 18 (39%,) with type A.

These results suggested that classification of the two-dimensional echocardiography of the AMV
into two zones, clear and rough (CZ and RZ), could contribute to determining not only the severity
of AMV prolapse, but also to the extent of myxomatous changes of the AMV and to evaluating the
correlations between the degree of MVP and the incidence of MR.
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i eyt (mitral valve prolapse : MVP) &
F OO ERBTR 25, mid-systolic click
and late systolic murmur syndrome? ¥ %A
Sh, BIERBERAOFTLERD THRRFET
brlIhTns.

Wk, FEOHEDHIEEESHEIKELT
W, SR, BEEEEEE? MVP o
KRB 2 L, Rricvwbip B “silent
mitral valve prolapse ¥ DBWrickt L TizL A
DEBRELOLIZENWZ B,

L Lads, —FCREiEEcX 5 MVP o
PWERECOWTREROBRPHAILLTSE
PN k7 gold standard & LT REITE
LI TRV

ABFFEE MVP 0T b i mifdik ic s+
LEWEEOBIMEZ B L L, BEiICAHFT oM
e FpiPE (mitral regurgitation : MR) o> HHERSHEE
LoBBIZOVWTLERT 5.

TRELUVHE
SR LTE, Hikicor@irE+ 2 MVP

164 5] & % 60 5% vy, MVP o pysrid et
Db D86, LERBKRIBECAHTSLDS2

Table 1. Study population

Sex Age(yrs)

Cases

(No.) M F Mean+SD
Normal 60 38 22 38+15
Idiopathic MVP 86 46 40 32+14
MVP with atrial 52 24 28 42417
septal defect
MVP with chordal 17 1 6 52+16
rupture
MVP with disorder 9 5 4 38+10

of connective tissue

MVP =mitral valve prolapse ; M=male ; F=female;
SD=standard deviation.

B, BRERICAHETE L0174, EABER
B (Marfan JEfREE S f5], Ehlers-Danlos JE{&EE
3 #5], van der Hoeve 5EM®EE 1 ) i Bt 2L D
9fiTH 5 (Tablel).

2 FEREE R a2 Wik E SSH-11A &
%Wk SSH-65A # F v T A= Elly/g X & &
L. ZoBg, Bk X O%ILEER o R
L% P L LT, HidDWREEMOD B
QoW E B L, BICMIFRAIR OB & —
UHRARICHEH S h i v

BLRI- BRI L = =2 — 1k strut chordae
(STCH) offEMhrx AL LT, RGO FRIE
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a = PAO-AMV(CZ) angle
b = AWV(CZ)-AMV(RZ) angle

Fig. 1. Criteria for the diagnosis of anterior mi-
tral valve (AMV) prolapse with two-dimensional
long-axis echocardiography.

The AMV is divided into two zones, clear and rough
(CZ and RZ), according to the point of insertion of
the strut chordae (STCH). Diagnosis and severity of
prolapse are determined by an angle between PAO-
CZ and CZ-RZ.

PMV=posterior mitral valve; LA=left atrium;
LV=left ventricle ; AV=aortic valve ; PAO=posterior
aortic wall.

# (clear zone: CZ) rHLMDFLRE (rough
zone : RZ) cR4H L, KBIR#%EE (PAO) ¢ CZ
D734 (PAO-CZ angle: a) 38X 1t CZ £ RZ
D 7e3+4 (CZ-RZ angle : b) # &4 L 7= (Fig. 1).

7B, SEHW MVP 164 fflo2hFicBs LT
X, FiLodied bl o0 REHRESESZ
LEGEMHE L.

) LERICBNT, LAMEEEX L BIHE
i click gk S B0, b BV faiEFRIg
FRECE B LEZDN DM, F, #iHiRwL
LUEHIHET 2 5 58

2) ME—Fhza—FicnT, MEfx
=2 — ¢ mid-systolic buckling & % v\ 32k #
pansystolic bowing #3®» 534

3) L= a—icB T, Gilbert %%
N EENSO OBWEEICKLY T IHE.

MR o#Hiziz ATL EREZTHES LR - Ky
75 — Mgt S00A & 2 WIZEEMMPFEA A —

RSP AT D IRMAR

v BTN B 2EERE SSH-65A v, <~
2+ Ry 75—k X 3¥Hls 7 Frdbsnidr
S—FKy 75—tk s3HERY S FAVEENIC
HBET 3 hE» TR L.

s ES

1. giEskepon/ sy —oag (Fig. 2)

IAERIC I B AT R R (CZ) & R
RZ) DHBREOERN D, RO IBZHET
&

Type A: KBhfR{%EE & RO 2+ A (PAO-
CZ angle) BIER LZRER DRV, REHL
FREOMICH S 1 REHRER L, FREHIE
EEiZEEWN ballooning % 5r3%!,

Type B: Type A iclb_T, FIEH L FRE
n 723 (CZ-RZ angle) REE 2P/MEETRL,
FREDLEFEN ballooning H3EE T b 54,

Type C: KEIR#EE & FRIEHE D 72+ # (PAO-
CZ angle) REFICH_THEARR/MEETRL,
F2fk (FEI+ L) »ZFEAN ballooning %
AL

2. BBFREICHITHETRERD type FUSEEE

(Table 2)

K3t MVP (86 45 50 5, 58%), LBEHEE
KIBFEICRE S MVP (52 ik 37 5, 71%), MR
Wrgic k> MVP (17 fish 12§51, 71%) i2R W T
X type B o7 — A EHEEIC bR
DI, FHEBREEREBICLES MVP i 94
84 (89%) 25 type C DML F — v EIRL
Iz

£95HE» PAO-CZ angle i3 type C iz W T
EFHRPOMEETRL, PTHLREHREAITEZO
BERKTHo7. —F, CZ-RZ angle 1% type
BickWToLZFHIAGETH D, BEHREIT
3R MVP B X OODERREXER 2 BT
EHRP/MER R BT,

3. Bigpi/sy— & Gilbert S>DBHERIEL ORT

e

Gilbert i, TAREHMER L, iEcE
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Fig. 2. Three types of anterior mitral valve (AMV) prolapse.

Type A : There is an apparent transitional point between CZ and RZ. The RZ shows mild balloon-
ing or prolapse into the left atrium.

Type B: Although the PAO-CZ angle is normal, the CZ-RZ angle is markedly narrowed. There-
fore, prolapse of RZ is more severe compared with that of type A.

Type C: An overall zone of the AMV shows ballooning or prolapse into the left atrium due to the
narrowed PAO-CZ angle.

PAO=posterior aortic wall; AV=aortic valve; CZ=clear zone; RZ=rough zone.

Table 2. Incidence of the three types of anterior mitral valve prolapse of idiopathic origin
and various heart diseases

Type ((:lzsoe; PAO-CZ angle CZ-RZ angle

Normal 60 147+ 7
Idiopathic A 17 149+ 5

B 50 1544+-19%* 111+19

C 19 110£21%*
Atrial septal defect B 37 153 +17* 118+15

C 15 1154+ 19%*
Chordal rupture B 12 159+ 8** 78+14

C 5 95+11%*
Disorder of connective tissue C 8 114 +£13%*

vs Normal * p<0.001, ** p<0.0001
For abbreviations: see Fig. 2.
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ERBIR B REEREB L TCEENCEET 5, 5
BEHIISEL L BE LR, Z0oBWEEELS
Bl OFIRIER % — 2 (types A, B, C) & o—F
REBI L.

Type A 3 18 fijth 245 (100%), type B ix 99
il 48 1 (48%), type C ix 47 fsileh 10 451 (21%)
DIFE T, Gilbert &b OBHTEAEL—HK LA
7z.

4. EBRWIHBTZ%B/Y— & MR OHBHEE

Lnpag (Fig. 3)
iRl MR oMBEE2 # 5 &, HREH

e AT e D BMBRK

MVP < 86 5 49 1 (57%), L5 PRRIBE
S MVP ik 52 filvh 29 f5i] (56%) DIREET
b o Tk, BREHE A7 5) B L UOREBEBEESR
@) icfE> MVP ciz2fiic MR 280,

—J, type Bllic 7= MR o HBSHEE <,
type C (47 i 40 454, 85%), ype B (99 fijrh 56
B, 57%), type A (18 fih 7 f, 39%) DIET
MR #&£<@Edi.

5. FEBIER

DEREXREREICHE:S MVP (Fig. 4)

Type B TR EiEHFAIROFLRE RZ) »E
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angle
170 ° 0 o
° L4 .
i 2 o 4 . w;mmfmn
o withou
160 . i  § g O‘I'
§ : : :
@ [e]
o ®
150 % ‘ g t 8 12
$° H 8
o]
. L4 °
140 617 8 e o n
s 8 o
Bod e o 131 o ©
ouso 169 . 88
8 °
1204 ° °
g ° 8
9 5/5 8
110 4 g § o o
S s © )
o
100 4 s 2
® [o]
90 4 [)
X ° °
04

Normal type A’ type B type C type B

type C type B type C type A type C
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Fig. 3. Relationship between the PAO-CZ angle and the incidence of MR in the normals and
in various heart diseases with mitral valve prolapse.
PAO=posterior aortic wall; AMV =anterior mitral valve; MR =mitral regurgitation ; ASD=atrial

septal defect; CZ=clear zone.
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Fig. 4. Ballooning patterns (types B and C) of the anterior mitral valve in atrial septal defect.

For abbreviations: see Fig. 2

FENICEB % ballooning #7R4. KBk EE &
g o734 (PAO-CZ angle) 1ZIEH o 45
(144°) o2, FpREH L RO 2 (CZ-
RZ angle) X% & 5 W idfho> type ick~CHk

/ME (52°) 2335 L.

Type C Tk flgsHpikatk (CZ+RZ) »E£
ERic#p L, PAO-CZ angle o¥t/Mb, (110°) 25
HHb

BBz > MVP (Fig. 5)

Type B TR RZ), type C TiInisks:
& (CZ+RZ) (@780 5035, & OFLEE I
FLLICTEETH S, HiF o CZ-RZangle (59°)
B X OEE o PAO-CZ angle (80°) 13w i 3
72 ME 2 7R .

wamERERcgS MVP (Fig. 6)

PERRRE & b IichiRefk (CZ+RZ) 7335 7%
TTEEZRT. wThi PAO-CZ angle 1% h
Zh 98°,90° Ly MbE By, type C oifffi
2—rThHH, FIEE (CZ) LHLi RZ) o
BB & e ZEthmnnbhsd Z Lnb, RAT
OBPFER EEZXTL I,

Fifflc L YRR Lz MVP (Fig. 7)

FHiEEA (A) T3, EIERIEMEIC ﬂfﬂ’%f?}
D, HIESEM ORI XU (open circle) |
WFRLEEERD 5. #ik (AMV) (7);?;]5;;.[;
(CZ) ML L, FrR¥s (RZ) RZEREMN~ O
F% (hooding) % 7R3 . [IZSHEMFRIS ~ DO FHEIETE
FALRIL, fiRicfEET % 2 oo strut chor-
dae (STCH) [ FRlE 3 2BK (9 18 mm)
&Y

E’K

EERMEERE B) T, #iRFRE (RZ)
DHDBEWRREFNERERL, SEOSHO
type B 12+ %, Z olfEH T kI N 5%
Bifrde (RZ) xF4iiA o> hooding Fifiric—%F

+ % 73, Gilbert & OBEIILAE TR R (RZ)
DR (R) 2z 2nicw MVP L2+
2T LRTERV.

E i
ftig e il (MVP) 13458 o & 2 BT /L &
flix OAPHEZIENRT 5 2 &0 b, [GiEFRIE L
DT HIGEFICER SR TWAHRETH 5.
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Fig. 5. Ballooning patterns (types B and C) of the anterior mitral valve in chordal rupture.
For abbreviations : see Fig. 2.

Ehlers-Danlos syndrome Van der Hoeve syndrome

’////////I I

! S\ \

WA
\:\\“‘\\.\".“\“

bes “‘.\\\‘\\‘\ 2

type C

Fig. 6. Ballooning patterns (type C) of the anterior mitral valve in connective tissue disorders.
For abbreviations: see Fig. 2.
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Fig. 7. A case of mitral valve prolapse confirmed after surgery.

A (photograph of the atrial surface): Anterolateral site (open circles) of the mitral valve is thicken-
ing, and shows the absence of chordal insertion. The distance between the strut chordal (STCH) in-
sertions is increased. Rough zone (RZ) and clear zone (CZ) of the anterior mitral valve (AMYV) are

hooded and elongated.

B (two-dimensional long-axis echocardiogram): Rough zone (RZ) of the anterior mitral valve shows
the prolapsing pattern of type B. However, this case cannot be diagnosed as mitral valve prolapse from

Gilbert’s criterion.

PMV =posterior mitral valve; R=mitral ring.

L2, DERPFTR O Tmid-systolic click and
late systolic murmur 13 oK I X 5 fEiEF
MSEARSECE AN ARNLDOTH Y, fiil, B
R, BIMELAIRR, TEEIRZ: £ 0 SPHER
EEARDRERERIEIC R NBLAREMEZ A LT
W3, AREOTFIEZ L5 L b ERRI I T
LABRVOPEIRTH 5.

Feilr, IR v W K DIAE D3 LA K S
LTV Z td#h b nwHETH SR, —F
TlX false positive % %\ (x false negative i »
By et LT, B TR Ok Rl
LﬂnﬁbitTV\é%

BRI I 1 B0 b — iRy A JL e, E%EM
WrkE X & % wi@b%ﬂmzmw LSRR D
TBNIZRESE L RS ds & OV IS TR ’&n’tu«S‘ﬁ'k D
PR EMRFTT 2 HETH S,

Gilbert &% ZSE RfililifER Eic 5\ T, X

MEHC I TR R 23 SRR & B 2 CEBWNICERE
THYARRISORN & B L. Z 0L ;Mz;ﬁ-g“
DEWICEL TR CHEIDH2E2HTH S
2, BEERECBWNTE» 2 Y o lRE MVP
% Rk a2l s v, 3, Fig.7B X )
7B B 27 pYRIBMLEIC F U T & 2 b ARHLHES
HTRELRWRAERTS. —F, #HbYI
Gilbert & o3LHex RE L, BRI L HiRO
i fF1E+ % immobile 72 354> (annulus fibrosus)
EBLUCHREBITIE, X VIEED MVP 2
THZLENRTEDZ BTNV

EEEWERE w5 &, E—Aﬁmﬁmm
fpxa—, HICHRREE FTTECERKRLERY,
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3R, 2077 e —FI2k > T HIRE MVP
HFELLEEICRHTE L0 TRV

DL REREEBLT, NEXHEERLOE
BREOBEND 7 u—F LIz GRS 510,
oKk, EHCS T 3HAALOEED T
v, 2B Lich o TRIREW D, FEAREL
F@EBITLT L R—RBERBE LTI W
IR b 5WIEBFEOBE R ONMEREICS
WTORAREDHBERGELTNS.

ATFFE TR OMREBRICORERL, %
DIEMBARRICE U TRk 0 BUTELE L 3D LER
ZRMIL BRI L. BikE X5 BREOH
T, BRLEERINIBICH B 240D strut chordae
3, EERUMMBRICB W THERNAS ICHHT
BrLNTES. FHIZ, ZOEFRIFILRD clear
zone L rough zone DERIFIZAFELTNWSZ
L, HiRELTa—REN2FPER (CZ) L
R RZ) TR TE5HE2HT 5.

EEI B 3 IUED o #4108 #8513, strut
chordae DEEEALTFICL Y, REHLERRED
BITHICAEOLHAE blehvwz L B EH T,
CZ-RZ angle 13i3iF 180° #{&->. —JF%, MVP
TR AHEERONBMFTAL LT, BE
(thickening), ZFEHRI~Df#f (hooding), FEFE{K
(stretching) BHFoh 5. ZhbOFfROF
T b, hooding 133 & LTHRE (RZ) flic£ <
Zoh, W 3EEREC LR L LbIC
BRLEFBACEET 2RI THS. Thbb, 4
EloMBRICX 3ERORSE VWD L, =0
hooding I strut chordae #EEH & LioRL
RZ) nEENEICKBSh, ZORKR, R
o hooding nFEEIc L v, CZ-RZ angle 3%
BEA%THR (type A) 2FLich, EHPME
(type B) 2RTXoichks.' znkric, {HiF
#pigked CZ-RZ angle ##it+ 5z L, #R
I B BIFE, iz hooding DR # T
EBDHTRL, EROBHELECHTIELAR
WIREE MVP 2 X 9iEEX B+ Licd
st

TEE SRR DML

UEDXdiZ, 12D MVP 32 0REN
FRE (RZ) ifRF+ 5 types A, B ok
ERTH, HARBREERICHE) MVP o—Ho
KRtk MVP 7 Yz Wi, KBIIR#%EE (PAO)
LERFER (CZ) ohi AESR/MEE R
type C o@EHERXR ALz, ZOBRINRERS
NBlewiciz, FREKOIEEL (stretching)
52T E(L (lengthening) &4 72 5§, strut
chordae OTELRAIBREOFEELLETDH
Y, types A, B L Bz v piRLE iR EFR kM
T ERT.

PAO-CZ X1t CZ-RZ angle »MEigFH & g
ROWAWREOREIEKFET L3, KA/
G ESLRERITEUIC BT 2R 5 AT
LHALATH B, R—FlIcBWT LBImERED
ZVERIREDRIEMIC L VL4 O type E5RT
ZERDB.

Fig. 8 13, #3058 M o figFraiR icE B 2
PROBPOEERBBICEHBBR % &7
2, HBEA (®) oAEE EHilTERK T type
C o5 —>, FOPRE (@) OEERH
MR Tix type B ol A7 —v R Hbh 5.
FEORT R, FHicX VR LB MVP 4
(Fig.7) cR W THEBEL?, SEIOHIRRKS
BIXUZhEhOAEFEA, MVP 275
WEDORTENER L URHZNEEE L RBLT
WBZERIMADbRB.

FIEDFIRE DB —RE 2L DTH 5 h, BF:
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DHWIEEETH B Z L AL V. BEIEREER
WHEXL LT, BFE network o BE RHF M
EMEFRIcHt L TAREE R stress # 5%, ZofE
B, XFoFHRLREOME - FEHL R RIE
BT wI BMERH 2. Fig. 7 0
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dae FEDFEHEEIX ERIC LR TEHLBEAEL EZD
5. LIedoT, HiFEOREPHIEMOFIR -
BRIEE Y, #%EOREPHRFEROIFE#R/LB

— 847 —



KA, NH, FHHN, 2z
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Fig. 8. Changes in the ballooning pattern of the anterior mitral valve in mitral valve prolapse
with the sector planes in the long-axis echocardiogram of the left ventricle.

Upper panel (short-axis view at the mitral valve level): Mitral valve prolapse into the left atrium is
observed at the posteromedial site (®) of the anterior mitral valve.

Lower panel (long-axis views of the left ventricle): Ballooning pattern of type B is observed at the
middle site (@) of the anterior mitral valve, and that of type C at the posteromedial site (®).

CZ=clear zone; RZ=rough zone; IVS=interventricular septum.

L OFREBICH T 52O LEENNEME (hooding)
RIER LI L EZEZTLRICFE T RV,
WFhizL T, MVP 124 bk % gk
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EThDHN, ELEERI LIIHEONEEE &

MR & oy, +72bb MR gDk S
BB ERTPICOVWT O TH 5.

Kolibash 19, MVP 2313 %5 MR 233)E
o N AR SRR IERR A I 7 & DA E RN
TrHT55ATHHZ LEMMAL, KK
MVP oft@igific MR oikd 56 0fF7E
T LEBMELTVWS. SEIOKEFTIX, type
C (85%), type B (57%), type A (39%) ®lET
MR o B DS KTdh - 72725, types B,C 12
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W, [EiEPERBERE & EEF & OERGNB
FOREDRERIZONVT S, S%0 X VEEEARR
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RBZENRTFHEREND.

-3 ¥

BEEWBEL Ky 7°5 —2 A, [iER
&R (AMV) o Bk (MVP) 2454 % 164 o
W7 — v L EiERER (MR) OFEEHMT
L, ZORAERFR X OEERE L OBRICONT
¥at L. MVP 164 o pyaRi, 4 44 86 41,
DE PRI 52 1, MR 176, FHEBE
WRBIFITHY, EH 60F & Bt L.

1. AMV ot ¥ # — i, strut chordae #
BRLE LRER (CZ) LAELE RZ) o bal-
looning #7226, T IBZHEHTE . a)
Type A: kKBhiR#Ee (PAO) & CZ oie+AE
(PAO-CZ angle) 3IEH# & EZR% T o 2 23,
CZ & RZ ORicH b » A EMSE2ET 5%, b)
Type B: PAO-CZ angle X FE# B L1 type
A LEEZZDRVYE, CZ L RZ oA
(CZ-RZ angle) icFEPB/ME &R T B, ¢
Type C: PAO-CZ angle IzHZE 0¥/ Mb %28
», Biketk (CZ+RZ) BEMH» o EENICE
B 7z ballooning #% 7%,

2. 3t MVP (58%), L& H W KXIEE
(71%), MEHRBHE (71%) IV Tix type B, #
LEREEE 89%) Tix type C oimigE%
RYFNEL Abhi.

3. Type A o 18 fsh4 (100%), type B
7 99 fileh 48 i (48%), type C o 47 {5 10 4
(21%) X, Gilbert & p2HrE#EIz X v MVP &
BT A LR TE Ao

DS AT R D IRMEAR

4. Type Rlic&iz MR oHISEE X, type
C (47 f5i 40 51, 85%), type B (99 fsilrh 56 4,
59%), type A (18 filth 7 f5, 39%) »mJE<T MR
% <{Boi. '

P EoiEREL Y, AMV OB % — v & HhL
& (RZ) #pEE (CZ) icX4 LTiRat+ g,
Z OB D 5 WVIEEE O A TR, /EN
EBlboFfEMES MR HZR & ofEM % FHE T &
BT EMRBENT.
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