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Summary

The clinical implication of the timing of mitral regurgitation (MR) in mitral valve prolapse (MVP)
was investigated by comparison of the phonocardiographic patterns of the regurgitant murmur with
either prolapsing phase of the mitral valve determined by two-dimensional echocardiography (TDE)
or regurgitant flow patterns by pulsed Doppler echocardiography (PDE). A total of 23 patients (pts)
with MVP was classified into five subsets on the basis of the phonocardiographic findings: six pts with a
pansystolic murmur, seven with a late systolic murmur, two with an early systolic murmur, three with
only a click(s) and five with a angiotensin II-induced regurgitant murmur (provocative MR). A com-
parative study between the regurgitant murmur and regurgitant flow patterns was also made in 10 pts
with MR due to other etiology (four pts of rheumatic MR, three of ruptured chordae tendineae and
three of papillary muscle dysfunction). MR was detected at or just above the mitral orifice using
a combined system of the PDE and TDE from a transcutaneous approach.

The results obtained were as follows:

1. Phase of MR detected by PDE coincided well in timing with a regurgitant murmur recorded
on the phonocardiogram (PCG) except one patient. In four of five pts with provocative MR, abnormal
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Doppler signals indicating MR were detected even at rest and these coincided temporally with a newly
developed regurgitant murmur by provocation.

2. Phase of MR detected by PDE was not synchronous with prolapse of the mitral leaflets
examined by TDE in five out of 23 pts, suggesting that MR does not necessarily occur in accordance
with mitral prolapse.

3. Regurgitant flow patterns examined by PDE in 30 pts including 10 pts of MR due to other
etiology were either a widely dispersed dot pattern or a narrow banded reverse flow pattern. Pts with
a loud systolic regurgitant murmur (Levine 3/6 or greater) tended to show a widely dispersed dot
pattern, and pts with a soft systolic regurgitant murmur (less than Levine 2/6) showed a narrow
banded reverse flow pattern.

In conclusion, PDE seems to be more sensitive than PCG for the detection of MR in MVP, and

PDE may serve to the qualitative as well as quantitative evaluation of MR in MVP.
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Table 1. Subjects and phonocardiographic
classification of mitral valve prolapse

Subjects
No. of Sex Agelyrs.)
cases Male Female Range(Mean)
Mvp 23 1 12 16-66(41)
MR due to
other etiology 10 5 5 24-73(45)
Classification of MVP
Pansystolic murmur 6
Late systolic murmur 7
Early systolic murmur 2
Only click(s) 3
Provocative MR 5

MVP =mitral valve prolapse; MR =mitral regurgi-
tation.
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Fig. 1. Methods of description of the prolapsing
phase of the mitral valve determined by two-
dimensional echocardiography (TDE), phase of
mitral regurgitation recorded by pulsed Doppler
echocardiography and the timing of a click and
a regurgitant systolic murmur on the phono-
cardiogram.

The timing of prolapse observed by the long-axis
TDE is expressed as closed square, and the absence
of prolapse is expressed as open square. The pattern
of mitral regurgitation with markedly wide scattering
of dots by pulsed Doppler echocardiography is ex-
pressed as “ D ’’, and that with narrowly dispersed
dots as “ R ”’, the pattern suggestive of reverse flow.
No regurgitant signal is expressed as open square.
The first and second heart sounds, systolic click and
a systolic regurgitant murmur are shown on the
schema of the phonocardiogram.

TDE =two-dimensional echocardiography; PCG=
phonocardiogram; MVP=mitral valve prolapse; a,
b, c=early, mid- and late systolic phase, respectively;
D=widely dispersed dot pattern; R=reverse flow
pattern; I, II=the first and second heart sounds;
K =systolic click; RSM =regurgitant systolic murmur.
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Fig. 2. Schematic representation of the timing of mitral valve prolapse by or mitral
regurgitation by two-dimensional echocardiography (TDE), pulsed Doppler echocardiography
and phonocardiography in two groups of MVP with either a pansystolic or a late systolic

murmur.

MVP =mitral valve prolapse; PCG=phonocardiogram; PSM =pansystolic murmur; LSM =late
systolic murmur; A=prolapse of the anterior mitral leaflet; P=prolapse of the posterior mitral

leaflet; A+P=prolapse of the both mitral leaflets.
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Fig. 3. Schematic representation of the timing of MVP or mitral regurgitation by two-
dimensional echocardiography, pulsed Doppler echocardiography and phonocardiography
in three groups with either an early systolic murmur or only a click (s) or provocative

MR.

The schema of the phonocardiogram in a provocative MR group shows the findings after angio-

tensin II administration.

ESM =early systolic murmur; MR=mitral regurgitation. Other abbreviations are the same as

in Fig. 2.

iR iF 5 EB 7 dot moyEE 1 flic, SN
o reverse flow # 2 fflicgRw 7~ (Fig. 2 EE}).
Fig. 4 g 2UUHMERC BT 5 EH 4 0B
FROWRBE, #iEFREHomE -y — 8L
DERERY. BEFROEER c2UERt% R
YR (RED) 2B, Srzx - K75 —EBT
b 2UNFERAM: DB 72 dot DAY E(RED) 2D,
fE L LLERFTR L —HL T

Fig. 5 3R B+ 5 EH 5 0BEFROEE
B, @iEFOEmE <5 — > B IO LERETR
F. RNz B 77— TR E R O E T
7Y v 7 ITIEE—B L THENBEITT 55, &4
& L CREIERISHT S & — o 2380, LERPT
RE—E Uk, @EROERER T IR
IRl & BB W 2 23, IHE P I AR I il - R Fp R
DM (B4 1: white arrow, %22 black arrow)
B, EIEFHERRE L OFBEL R L.

2) UNHETR ISR

IR HIHE TR 7 Blic B o BT, Ak
440, BR2H, WMRLIHITH-7. FphiiRHE
i, SBIGES 7~11) T OFRFRE—FKLT
URiE P 3 KO BRHILIE TH o 72235, 2 B GES
12, 13) Tz UG O el 2 58, LERIET
REnEREE R LIz

Rz B75 =i, EF 11 gD
HoricHfzrL, LDERFIR L OfBELZRL
e, Zofo 6 flciIOEFRTR & —3 Lk
MUK ERD . B s — 3 THoF~T
2R T reverse flow Tdh -7 (Fig. 2 FER).
Fig. 6 IS B 5 EH 8 ol
FRLOEBRK, [iEFoMLiE g — 8 X0
FRERY. BEFROEERIC TIRBERHL% O
BIRTEME (RED), /L2« K75 —EH ik
I HILI% o reverse flow % — o o WiFET

— 471 —



A, @M, ®H, 33

82.7.2 N1257

Toward |

Seeaa] H
Al |

R ~,rA{~\_)v"
yBase linet

Y )

: [ :

v
i

Away '
PCG(Apex)

S

82.7.2 N1257

Fig. 4. Two-dimensional echocardiograms, pulsed Doppler echocardiogram and phono-
cardiogram in a case with a pansystolic murmur (Case 4).

Two-dimensional long-axis echograms (panels A and B) show pansystolic prolapse of the posterior
mitral leaflet (black arrows). Flow pattern of the pulsed Doppler echocardiogram recorded at the
mitral orifice (panel C) shows a pansystolic mitral regurgitation with widely dispersed dot pattern
(arrow). The apical phonocardiogram (panel D) shows a pansystolic regurgitant murmur.

SV =sample volume; ECG=electrocardiogram; RSM=regurgitant systolic murmur. Other ab-

breviations are the same as in Fig. 2.
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Fig. 5. Two-dimensional echocardiograms, pulsed Doppler echocardiogram and phono-
cardiogram in a case with a pansystolic murmur (Case 5).

Two-dimensional long-axis echograms (panels A and B) show late systolic prolapse of both mitral
leaflets (white and black arrows). However, the pulsed Doppler echocardiogram recorded at the
mitral orifice (panel C) shows pansystolic reverse flow pattern with mid-systolic deccelereation.
The apical phonocardiogram (panel D) shows a pansystolic regurgitant murmur.

K=click. Other abbreviations are the same as in Fig. 4.
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Fig. 6. Two-dimensional echocardiograms, pulsed Doppler echocardiogram and phono-
cardiogram in a case with a late systolic murmur (Case 8).
Two-dimensional echograms (panels A and B) show late systolic prolapse of the anterior mitral

leaflet (black arrow). Mitral flow of the pulsed Doppler echocardiogram recorded at the mitral orifice
(panel C) shows also a late systolic regurgitation with reverse flow pattern (black arrow). The apical
phonocardiogram (panel D) shows a mid-systolic click followed by a late systolic regurgitant murmur.

Abbreviations are the same as in Fig. 5.

+ B W R & e 3w, 20 reverse flow
BoRLens, JERI22 Tk AR - K7T =30
CHRATR 238 2 d - 7z (Fig. 3 TE).

Fig. 9 At ic)s+ 554 20 » angiotensin
11 ﬁﬁﬁﬁﬁf&@:l}%lﬂ #553. Angiotensin II 44
T, M EF & &bt st L, 7
)y 7 0%, HBEFHOZEL LY bk

Fig. 10 345 oo 35 e DT X & {50 5 11
M~ & — v &Ry EEEOHTREE L, HMn‘Jﬁ'[‘
WLAE ORISR (JFD) 258, Sz - K77

— T TRIHER 2 Y v 7 ie—B L TRt T %
reverse flow (&F) ##oH7-.

2. MVP LUINDOERIZEL S MR FlD/pR - BT

—iRES L VLERR

DR L, IR MRS 2o L 7o SLEE B RES
2o 1T, <~z - K77 — i iEs
1o reverse flow ZI/RL7c. 7D 09 flTids
il CRUHE R MR 2D e ps, SR - R
75—k 74 Fig. 11A R+ L9574

BUGHES 0% 7e dot o 43iiE, 2Tk Fig.

474



)
| Toward |

ARSI 12 36 1 5 (I Fr i i A Al

382.6.24 .N1236

Fig. 7. Two-dimensional echocardiograms, pulsed Doppler echocardiogram and phono-
cardiogram in a case with a late systolic murmur (Case 12).

Two-dimensional echograms (panels A and B) show pansystolic prolapse of the posterior mitral
leaflet (black arrow). But the pulsed Doppler signals at the mitral orifice (panel C) shows late systolic
reverse flow pattern (black arrow). The apical phonocardiogram (panel D) shows a mid-systolic
click followed by a late systolic regurgitant murmur.

Abbreviations are the same as in Fig. 5.
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Fig. 8. Two-dimensional echocardiograms, pulsed Doppler echocardiogram and phono-
cardiogram in a case with an early systolic murmur (Case 14).

Two-dimensional echograms (panels A and B) show early systolic prolapse of the anterior mitral
leaflet (black arrow), which is correspondent with an early systolic reverse flow pattern (black arrow)
(panel C). The apical phonocardiogram (panel D) shows an early systolic regurgitant murmur

terminated at the mid-systolic click.
Abbreviations are the same as in Fig. 5.
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Fig. 9. Phonocardiograms before and after administration of angiotensin II in a case with
provocative MR (Case 20).
A late systolic regurgitant murmur is provoked by administration of angiotensin II.
A=control; B=two minutes after administration of angiotensin II; RSM=regurgitant systolic

murmur; K=click.
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Fig. 10. Two-dimensional echocardiograms and pulsed Doppler echocardiogram in the

same case as in Fig. 9.

Two-dimensional echograms (panels A and B) show late systolic prolapse of the anterior mitral
leaflet (white arrow), which is also synchronous with late systolic reverse flow (black arrow) (panel

).
Abbreviations are the same as in Fig. 5.
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Fig. 11. Pulsed Doppler echocardiograms and phonocardiograms in two cases with mitral

regurgitation due to other etiologies.

Panels A and B (chordal rupture): Mitral flow of the pulsed Doppler echocardiogram recorded
at the mitral orifice (panel A) shows pansystolic and widely dispersed dot pattern (black arrow) syn-
chronous with an apical pansystolic regurgitant murmur (panel B).

Panels C and D (papillary muscle dysfunction): Mitral flow of the pulsed Doppler echocardiogram
recorded at the mitral orifice (panel C) shows pansystolic reverse flow pattern (black arrow), which
coincides in timing with an apical pansystolic regurgitant murmur (panel D).

Abbreviations are the same as in Fig. 4.

X3 MR { &9 5L, HifitiHEEs Levine 3
ELLEofliz dot mE D EBi & — L ER
L, Wiyt s Levine 2 BFLLTF o 41t reverse
flow <% — > 2RTEAMPED bhiz.

ik, BERYHEOBREL VR - F7°5—§
L3R 2 — v L BRIZOWTIE, RER
W LHREE O R RE OV BIE» 6D Y

v M RBIHIREHRARY bty — LA
N ERL, FEOMF OISR IRME ORIK
BHHBRIEN T B D IEEIBR <7 P DE
HERN 2RT L Eh TV 31519, KBFFEIZE i)
BF4 DR, chboBE L ERMOEES
RLEER, ZoRICBELTRERD 20 EREx
bhb.

— 479 —



mt; EE) %%#: EQ/N

0 10 20
h el

> Levine 3/6 D | :

(n=10)
< levine 26 | D|[p+R| R |
~ A{n=19)

Fig. 12. Relationship between the intensity of
a mitral regurgitant murmur and the flow
pattern of mitral regurgitation by pulsed Dop-
pler echocardiography.

Most of the cases (7 of 10 cases, 70%) with a
louder regurgitant systolic murmur (greater than
Levine 3/6) show widely dispersed dot pattern, and
most cases (14 of 19 cases, 74%) in whom the in-
tensity of the systolic regurgitant murmur are softer
than Levine 2/6 show reverse flow pattern.

D=widely dispersed dot pattern; R=reverse flow
pattern; n=number of patients.
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