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Summary

To clarify the mechanisms and time course of mitral regurgitation (MR) in mitral valve prolapse
(MVP), the relationship between the timing of MR flow patterns on pulsed Doppler echocardiography
and phase of mitral valve prolapse on two-dimensional echocardiography was investigated.

1. Thirty-seven patients with MVP were followed by pulsed Doppler echocardiography for one
to six years with an average of 2.5 years. At the initial examination, the patients were classified in five
subsets on the basis of the presence or timing of MR: 10 without MR, five with early systolic MR, one
with mid-systolic MR, 15 with late systolic MR and six with pansystolic MR. During the follow-up
period, the timing of MR did not change in 21 patients (three with no MR, five with early systolic
MR, seven with late systolic MR and six with pansystolic MR). Various changes were observed in
16 patients, i. e., developments of late systolic MR from no MR in four, of pansystolic from no
MR in three, from late systolic MR in five and from mid-systolic MR in one, and disappearing
late systolic MR in three.

2. Mitral annular diameter and the prolapsing phase of 118 patients with MVP (44 without MR,
eight with early systolic MR, 30 with late systolic MR and 36 with pansystolic MR) were examined by
long-axis two-dimensional echocardiography. The mitral annular diameter in patients with early sys-
tolic MR was significantly less than that of other MR groups, and the diameter in patients with
pansystolic MR was markedly increased. The timing of MR was determined according to the prolaps-
ing phase and the grade of the prolapse and the systolic size of the mitral annulus. Six of the eight
patients with early systolic MR first had early systolic prolapse of either mitral leaflet, and then the
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regurgitant gap of the mitral valve orifice was plugged by the prolapsing leaflet and/or the narrowed mitral
annulus during mid-to-late systole. In 18 of the 30 patients with late systolic MR, the grade of prolapse
of the mitral valve during mid-to-late systole was more severe, compared with that of early systole.
The results of the present study indicated that the occurrence of MR in MVP is various in tim-
ing (early, mid-, late or pansystole) and shows various changes the during follow-up study, and that

pulsed Doppler echocardiography allows phase analysis of MR in MVP.
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g FpEME (mitral valve prolapse: MVP) 1
“mid-systolic click and late systolic murmur
syndrome ”V A EShB T LK, ZOMifik
KIEOLDTHRENTHY, RERLERSKT
WBIREED—DThH 5.

B, A5 o Ei§ ¥ (mitral regurgita-
tion: MR) ZUHEHIDH @ SRHAHICHBELL 5
BT ENHLNERYYY, KiEF MR oF R
FOHBERBHOEL? R 5 2 L3, ®EOR
A X UOTHREBHAT 5 LT, BRENT S
r—FIthBZENTFRENS.

AHFEOBEIE, MVP 28135 MR gD
i L ORBHELERFT 2L TH Y,
iz Tk s MR HEBEOBEEMEICS>WT
LYERT 5.

KREBE

s, S R-Fy 75—tk ) MR ol
BLREAR & 1REEH0 IS JBBR L X 7248 36t MVP 37 4
(project I), ZZERHM/EMIC X ) RIEFRHEL
MVP of#Es X ORE & B8 L I 3E MVP
118 451, B %M 2 18 5 (project 1I) T 5 (Table
1). 723, project I THw7< MVP 37 f5lix, pro-
ject II iz 5 MVP 118 ffldhicinx T ket
L.

Project I (MR Ry#8 ORERFHIBIE)

1~64 (E¥2.54) oHfEic 2EDS)VR -
Ky 75 —REZHEST Lic MVP 37 flic> &, {#

iE YRR 2 IERI O B, Pl &H, 2R
WHICAHEL, thbo MR EHEOBREMEL
ZonWTHHN Lz My 7 Frogicd, &
B % BV B v ERBVALE L, AL L
T, WEBEZE 3~4 Erb07 e —F2H
WTREH L EERIMERK E, @iEf0E LT
EBEWNIz sample volume %#ERE L /2.

OB, WRmEE KT 5 Ky 77 —E SR
H&hzz LxEHL, sample volume  {EiFFHF
NEEHEFENOSRE, EFEAER, EHERE
gL BB sz Lick Y, HFMEFEHELB
MHBVIZBRFHEL 2V E > TRL .

Project I (MR W48 & #fbitk=NIs & OEIESR
WmE L OB

MVP 0 FEBLURBEL VR - Fy 77—
$ick s MR BAOBEME 2R T2 L& H
Bk L, MVP 118 fi] (MR %38 w 7\ 44 7, 1Y
FEEH MR 8 45, Un#E#H MR 30 4, 2UTiEH
MR 36 fi) & fRzMrZe 18 {5l o 2B Rl X &
ek L7z,

IWEH o EZRIWBRZ 2, B, #IIcHS
LCEEL, SRHHICB T 3MIBRATIRD 5V
BRBBLOFER LURE &, MR K & OB
PHE L. &b, IWHERHIicR T 2 @E R
HIEEEFHRILY, SREOLBLEIT >

Bz MVP ol MR oFEizonT
BHAETRREBEE VR - F vy 77 — MFRE
(ATL #2 500A : #2685k 3MHz, #9358 LA
¥ 55KHz, 2x4mm o iR & Ik B sample
volume) &, + 7 # NEFEERBTEITEEE
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Table 1. Subjects

Cases Sex Agie(yrs)
No. Male Female Mean+SD
Project I
Idiopathic mitral 37 17 20 41+19
valve prolapse
Project II
Idiopathic mitral 118 48 70 38+11
valve prolapse

Chordal rupture 18 11 J 53+13

SD =standard deviation.
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Fig. 1. Examples of various timings of MR flow in MVP.
Four types of MR flow (arrows) are recorded during either the early or mid- or late or pansystolic
phase.

SV =sample volume; MR =mitral regurgitation; MVP =mitral valve prolapse.
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pansystolic

late systolic

mid-systolic

no change: 21/37
development: 13/37
improvement: 3/37

Ist recording

2nd recording

Fig. 2. Changes of the timing of MR flow pat-
terns during follow-up in MVP.

During follow-up, the timing of MR does not change
in 21 of 37 cases, shows progression in 13 cases (none
to late systolic MR, none to pansystolic MR, mid-
systolic to pansystolic MR, late systolic to pansys-
tolic MR) and shows improvement in 3 cases (late
systolic to none).

Abbreviations are the same as in Fig. 1.

(£l SSH-11A) o4&y 27 2 &, KR
ZoEaci: Aloka il SSD-110B # v 7.
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1. Project I

1) fEiEHRisE (MR) BEeFHO S & AR O
FE: SR Ry 75 —kickvE bz MR
IR, JERE 3RO -, B
Bz dot O OFEHARMFE NS Z — LT
HEETE . WTERh oS x — b ORI
R HHE LT, IRERIC A 5 5B (early

systolic type), UiEHic b 5% (mid-sys-
tolic type), IFEHZIIC 4 Hh 5% (late systolic
type), 2UHEIZE (pansystolic type) o 4 HiZ4
Hc& (Fig. 1).

WIEIRER 331 5 MVP 37 fijo MR o
BEO MR EED B A e AR OEE T, MR %
B 1045 (none MR type), UIfERIHL 5
fl, [R5, RIC < #RIIE 1S A, AR
Him 6 ¢ b - 7= (Fig. 2).

2) MR B OFRRERIZAL « FIERRE 2> & TR
#E CofkBEE T, MR of s X ORFHICE
bz R -7cboix 21/37 ) D 2 Wil
3, UK AL S i, RIS 7 o, AR
6 41), MR BeficZ{bz@Bwict ok 16/37
i, zolEE Fig. 2 1R+ Th ol
D% L ZEIEL OB H - 7225, 3] TR
e I DI K & AT

Fig. 3 13, IiE#I%» 5 MR 0%k Lf
(B &, 2UGHEIIRNCHETR U 7o f] (FEBY) o3
wRT. B, WIRRERCIGEPHEI TS o
L, = ORI & 1< 42 I AfE 1 5 ~
&, g¥nEERLE (Fig 4).

3) HEUCEBT D EEE L OREEHEL:
MVP 37 f| o B, #HIE#ER 2.8+0.5 cm,
A 3.1+£05cm TH Y, WHFOMICIHE
7% (p<0.05) 2FBWd, WTFhOERERLIER
FPHN T H - 7.

—75, MVP £Rlick i) 5 EERE, HIERE
L RN L THEEE 2R o (MR o7
Wi 27404 cm Hn 2.9+0.4 cm, YEHE R
29+0.6cm 235 3.2+0.7 cm, [THERIE 2.8+
0.5ecm 225 3.0+0.5 cm, 2UwfEI%E 3.040.3 cm
26 3.240.5 cm).

2. Project II

1) MVP %73 X O ZRIT o (aiE Fimmik
#& (Fig. 5): MVP 118 ffilic 3513 % Ui ] o f
MEFPERTTRER T, WO R WEL (4 451) 15.7+2.1
mm, JiERE 8 f) 13.7+1.4 mm, IHEH#H
71 (30 f51) 17.4+2.6 mm, 4UHEIE (36 1)) 21.5
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late systolic type ) no regurgitant type

]-w~ e s

(1983.5.18) (198535

late systolic type pansystolic type

toward !
base linef|fdi

away |

(1983, 12, 21) (1985.3. 12)

Fig. 3. Changes of the timing of MR flow during the follow-up period in 2 cases of MVP.
Upper panel: Late systolic MR disappears after 22 months.
Lower panel: Late systolic MR shows progression to pansystolic MR after 15 months.
Abbreviations are the same as in Fig. 1.

+3.6mm THY, ICHHERHEIMho 3B~ Nh—F OB RV EENRNEZ /<L, o

THE (p<0.05 p<0.001) /h& <, AUUHEH Y2 & ORMNCHFEFEL (regurgitant gap) #{E%
B3AE (p<0.001) 12Kk Th -7z 2%, IEETR S S T T, fhoFpRrz

¥, MEZEWIE 18 Il o iR FrEani R 254+ OUFF 2 ESHTRBBE T E . 2064
3.2mm) 3, MVP ZHIC L~ CTERH RN ER o, SRR & R IR OISR IIREL I 2 i, R

L7z (p<0.001). FRYEMEE 4 6T h - 72 (Fig. 6).

2) MVP ofEsXOfE L MR FEfHOM I o 30 filrh 18 7 <, UNHERH 2 &
R TRTOFIRBNT, HEIEFOBREAS S — PN, B O FPRIENLOTREE B EH TH -
75 MR B2 HIET S L 3L T LLEST rent (Fig. 7), fho> 12 5 13 I0fE i & 3 U Tt
m&motﬁ,&w?ﬂﬁm%&%ﬁ MVP DRECHEREZRHTERP o
BEERwDHZ ENTER.

g 5*@‘1"‘”@815%6% 3, IR
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mid-systolic| —(1932 69)" i
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late systolic ” (1983, 10.20) T T I T T
type - s Al=s 1~ I

toward
base line

away

PCG et

pansystolid | (1985.2.23) T , | ]

Al

Fig. 4. Changes of the timing of MR flow dur-
ing the follow-up period in a case of MVP.
Mid-systolic MR (upper panel) changes to late
systolic MR (middle panel) after 16 months and then
to pansystolic MR (lower panel) after 33 months.
Abbreviations are the same as in Fig. 1.
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Fig. 5. Mitral annular diameters in various
types of MVP and chordal rupture.

Mitral annular diameter of early systolic MR is
significantly less compared with those of all other
groups, and the diameters of pansystolic MR and
chordal rupture are markedly increased.

Abbreviations are the same as in Fig. 1.

BIGThsEshTws. Barlow 5YIEARED

MR # “mid-systolic click and late systolic
murmur” LIERL, MVP 225 5 W idlE

[X5: 1 R A 5 —-> o clinical entity & U -CHfEst
S¥ie. LaLliend, b¥Fro MR ULaiEs
v MVP filicBnCit, *OWEOFEEE D
FHTHRHT 2 Z LIIARTRETH 5 = & 25 B
L, WETE Az Ry F5—8,icks MR
OB TORE X IR >T WS,

&2 3z - Ky 75 —IfiEeE & HEEk
WriEEoEey 257 L #Hv, MVP 213 5%
MR OEFEHNSRIC W TR L. & OfE,
AIEICH B S MR s de ostHldsm, +
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86.3.17.N3442 : 86.3.17.N3442

early systole late systole

Fig. 6. Long-axis two-dimensional echocardiograms in two cases of MVP with early sys-
tolic MR.

Upper panel (prolapse of the anterior mitral leaflet): Prolapse of the anterior mitral leaflet (black
arrow) and regurgitant gap of the mitral valve orifice are observed in early systole. In late systole, the
regurgitant gap disappears due to the augmentation of prolapse and the narrowed mitral annulus.

Lower panel (prolapse of both the anterior and posterior mitral leaflets): Prolapse of the anterior
mitral leaflet (black arrow) is observed in early systole. In late systole, however, prolapse of the pos-
terior mitral leaflet (white arrow) appears in addition to the augmentation of prolapse of the anterior
leaflet, and the prolapsed leaflets obliterate the regurgitant gap of the mitral valve orifice.

Abbreviations are the same as in Fig. 1.

2o BTN TR AEFREEMN, %ISR T HHELTWD

ERiBElc Y 2t &R L. —5, LM%”, ko, Az Fy 75—tk 3
Oki 5313 MVP iz % MR o tHERIRHHEIC MR ORI EbOTEW, o), &
BEHL, Az Ry 75 —%HThHELZE TP —21 & MR oFFBA—F L Wia s
MR (dUwfERE, P, %, 2EHows lwua”o VTN B Z L B h B Tk k
MOBAHIC BT S BT 52 L2 @|E LD, , fElfgEET 7 e —F ClRAUES MR ofT
SN Ry 7Fo5—hebFRETRERHESIND 4), ERBEER~OMHH Y = v b i3 IHEES
MR oA 4E 35 X O HBUREHR < fiZBE OR8] 2° MR L0, FRERENBEGR~OWHY = v b
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late systolic type

early systole

late systole

Fig. 7. Long-axis two-dimensional echocardiograms in a case of MVP with late systolic

MR.

Prolapse of the anterior mitral leaflet in early systole (black arrow) is more apparent in late systole

(white arrow).

FIEERI MR L L CitgkS ha Wtk B Y,
AHED MR (B L0z ortEHEICE, WiE
BB L OEEY 2T L E VT OREM R 25 E
ETHB.

LSEOFIETIE, AEICE TS MR ofiEs
IO RS 1~6 FEofERBlEc X v 2R A%
PRTZEDHBA L. Z 0RERE, AEICHD
s MR 239 v <=F1 MR LIE_TEbw T
HTHHZ L E2RBT5L0T, KEOIKEZE
fEH S 5 ETEELREE L RY 5 5.

WHE, MR OREHFE &5 2 5B, Mg
#HAM (mitral complex) OB IOV TR
RETHY, AED MR 2o T RIEEDOZLE
PRETH 5.

IR IIETR L BRICREh, SH BRI
3 oo scallop iIcHiyr SN 5. DT B
USRI Tt D Fpde & DHEATHFE (coaptation area)
DINE L, DOEONAT LB TH 572w, MVP
HBWiz MR b LT WAL TH

B0 —J5, AFEIT A 6 B IR IR ORI 2l
REET RV oHE T IERE 2 (myxomatous change) &
BALNTWENY, ZoTEAKEICE > T—
WIED S DD, &5V IZMATEIER 2 F L 2ic Xk
LRI L OB OWTIEI LA TR Y. &5
12, AREDOTHERET HHTFE LTI, MR o
R, RO ISR, ERETR e E o APHE S
MHNTEY, WFRLIETHRETH 228, *
DAL TR £ T dH 5910,

Slabdg & Lic MVP filic i 5 MR oA 4E
B LWL, Bl X VT H 5 WIREL R
FTHORZE LT, —HOFITEIRED 5V IiTikE
FRTITRE B ZofEERE, RESKLTLL
HATHEREZ2EAREL T oTRARVWI L %
TRIE L, RFETIELLF LLEEM TR ARV,
—J5 Tk TMVP oJAPHIE BEEH L L,
e L bicWd 5, L OHED OFERICL 2
D95 Rric, RIGFEYEE R TR L L
T, WESE MR 2SR e REAE o
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REBIZ X VIRBOHET BFREMRH Y, Kkl
HEZTEHC O 3 BBBESVETH 3.

FIEDHELRT 2546, MERREOALTE
< BERBORBVPEETHS L ORE®H
5.
Tsakiris 51V 3B ERIC XY, MIBHEGIE
E ORI HE - TIEAEB 21TV, 2 O RiRTEHH
PUERIC RN 252 L 5B L. Chan-
draratna 52 [ 3EMEFERZRERRS MR 245
HERBLOEE TP T 5 2 L b, REROTEK
nAHM MR 24U 2ERTRIRL, RBIENDS
DIEENEENEETH S Z L RT3,

—7%, Ormiston 593 MR 02 & A Yo 5
iz MVP 2 RV ER Ch AR LR L
TWEHHLICHEL, BEIREC—BHYRLO
T, Pk, EH MR 2&36lIcRET S
LEBALTWS. Zo#Ex, MVP # &5
DFFEN—HRI L +5EX Wi L B2 ET 5
LDTHDAN, Bx OMFERETIZ, MR 28E»
ROEE, IUERH MR B, IUE#H MR Bic
ERBEOEHRILKERTHRIAOAT, L
HINMERH MR B ciafho MVP X v L 5&
D ER LI, &biz, MVP 37 floikesiye
BIZBWTYH, 13 fliz MR HERHEO EEY
BHB, Zh b O OPERERIC BT 5 EE
BRI EFHACEE>TWS. Lo
Ormiston 59D XS 3 X 51, —Eo MVP
Pl I AEH I fEIE FrER R IR & 2 5 ATREME R b
5LLTDH, 1EEALDHTRMIBRRPBEED
BENTRREE ERT 5 Licky, MR 2HE
HHVIMHAL, ZTORRL L TRIEFREORKL
ReERTLEZLFRZYTHASH.

B, MR BPHEF 37223, IWEHIcs W
TREERATR L %R DOBES (coaptation) R % 4
C%Z LRERMEHTHS. MVP (o giflfy e
MR & shTwaitiE#E MR TRESNE
PERICET IIEPHICHERROBEAT LY &
L, zotk WHEEHE@ECT MR 2ZHES
BTN ER OIS BE SEOIGHEEIR

ARSI O R S FEAR

MR 30 fijrp 18 fl T, IKERHIICH T Hh#R
WLBHORRERL I VARCBEE IR TW
5. O, HiREHRDE scallop Flowh
DEMACEARLEELTHLREBEE 2L, HTFL
LT RTOFT, Zh b OFRLEDDOREE = kB
RTHBETES LERL .

—%, IFEEHE MR 3hoRBlick-~, 5%
REABIERE RTZ LN TRENS. TRDLDL,
AR TR WFhh—F ORI R B E
BREDLE X772 L, fhofdk b ofIcHFRERz
By, EPH»BHIcE Y TRhoRL»RZ
OHEFHER 2 ESHIENEZ OIS, ARITRE
FROGHITLT L OBEL LRV, FEREN
OB R TEFE LW L/AEWZ ERRART
HbBLBEbhB.

Uk, MVP iznbh3 MR offgiixbn
TEFTHY, FEDCKEBIVTHREMET 2
Bz, @ BiBoTa—Rikic X3 [@GigfHhs -
R OIAMTEERE & EIFRER OFIES X OHEE
BEOBEDOIEZ, @ Az Ry 7FS5—H
£% MR 0 XU HEEHE 0RE & 1R
ZITH Z e BUETH 5.

-3 £

WEBHERBIOT LR Ry 75— AW,
faig il (MVP) 123813 3 Eig i (MR) B
HH L ABIE SR OB O M & 1TV, = OR4E
BE R I UREBNELIC W TRET L 2.

1. MVP 37 flextse L, 1~64 (FEH25
) OB 2ED R~V R - Fy 75 —RER I
fTL T, MR ORI 2 B LI

FIERERICEIT 2 MR ofER X0 HER
#ix, MR %38 w22 10 4, ULfERE#T MR 5 4,
IfEPH MR 14, InfE#H MR 15 4, 200
# MR 6 fFlic/yHT & 7.

EBBERICL Y, MR 0FER XU RHEICEL
2RO o7b 0k 37 4 21 ) (MR 28
v 3, InFERH MR S5 f, UuiE#S MR 7
fl, 2UiEH MR 6 f), hEEZBH L DI 3
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il (eiEE MR flc MR ojfk), #RZED

b o 134 (MR %7 0 b UK
# MR 441, MR 28D R\ 0 b b2
MR 3 451, U MR 2 5 2U0iES MR 1 4,
IAEHH MR » 5 2U00HE# MR 5 ) Th - 72.

2. MVP 118 flaxtgL L, EZRNER
AV, IWERHoMIERRAITRES IO MR 0
HiZEAE &, MVP o@iRsta 0Bk BE L.

IERS MR #ofigaigfe, MR 2389
VR, IURE#E MR B, 200EH MR #ficlh
RTFRICIEL, 2UUEH MR B0 2 hidfh
DWTFhOBEEI Y LEBERCKTH -7

IHEERE MR 8 fild 6 f T, IEEREHICW
Fhhr—FORBERRVEENERBE &L, fb
DFR L ORI HFERIRR (regurgitant gap) 2 {E5

F#f v Lo FR A2 ORI E E <
FRAB L. —7, IHE#HS MR 30 44 18
BT, IRV LRHICS, B#oRR
B ORENEHTH - 7z.

PLEXv, MVP ic5i3 %5 MR oMIEEREI
%%, POFBBEIC X VL ICELL, IEH
DE&EHEICB T 5 MR oSRA#EICIX, MIER
ROBPBiIEAE L BE, MEFHORESIVPEELR
HFichsdELDRIE.
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