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Summary

To assess the timing and duration of mitral regurgitation (MR) in patients with mitral valve pro-
lapse (MVP), 20 subjects with mid-systolic click(s) and/or a late systolic murmur were studied using
phonocardiography, two-dimensional echocardiography (2DE) and Doppler techniques including pulsed
Doppler (PD), high pulse repetition frequency Doppler (HPRF), continuous wave Doppler (CW) and
M-mode color Doppler (MD) methods and two-dimensional Doppler color flow mapping (2DD).
The results were compared with those of 16 patients with a pansystolic murmur having late systolic
accentuation.

MVP with MR was observed in 15 of the 20 patients with mid-systolic clicks and/or a late
systolic murmur and in all of the 16 patients with a pansystolic murmur. Using MD, MR signals were
seen throughout systole and isovolumic relaxation period in all but one of these patients, and they
were not related to the patterns of the systolic murmur. In only one, an MR signal was recorded just
after the click. Five patients with a mid-systolic click lacked the findings of MVP, but two of them
had MR signal only in early systole.

Using PD and HPRF techniques, the timing and duration of MR signals in patients with mid-sys-
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tolic clicks andfor a late systolic murmur were varied by changing the sites of the sample volume.
Similarly, the timing and duration of MR signals in these patient were dependent on the ultrasonic
beam direction by the CW method. In most patients with a pansystolic murmur having late systolic
accentuation, however, MR signals throughout systole and the isovolumic relaxation period were de-
monstrated by each Doppler method. Therefore, PD, HPRF, and CW were not so efficiently sensitive
or adequate techniques for investigating the timing and duration of MR, especially in patiens with
mid-systolic clicks and/or a late systolic murmur, who had mild or eccentric MR jets.

In conclusion, 1) MR in MVP involves the entire systole and isovolumic relaxation period, 2) PD,
HPRF and CW methods are not adequate for detecting mild or eccentric MR jets in patients with mid-
systolic clicks and/or a late systolic murmur, and 3) MD is useful for the time analysis of MR in these

patients.
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Fig. 1. Phonocardiogram obtained from a patient with a mid-systolic click.
A mid-systolic click and no significant systolic murmur are recorded in this case.
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Fig. 2. Two-dimensional echocardiogram recorded from the same patient as in Fig. 1.

Prolapse of the anterior mitral leaflet is seen.
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Table 1.

Clinical characteristics and phonocardiographic and echocardiographic findings
in patients with mitral valve prolapse having mid-systolic clicks and/or a late
systolic murmur

Phonocardiographic Two-dimensional echocardiographic Doppler echo
findings findings findings
Case Age Sex .4 o . Semi-
Ml o Folbped LYDO 1VD S 1B Duin oS,
1 35 M + -— AL Central 4.8 3.2 33 3.0 Mid- to Mild
late syst

2 66 M + Early syst AL PC 4.5 2.8 38 3.5 Pansyst Trivial

3 57 F + Late syst AL PC 4.6 2.8 39 2.2 Pansyst Mild

4 25 F + — AL PC 4.5 2.9 36 2.8 Pansyst Mild

5 54 F + Early syst AL PC 4.5 3.0 33 2.8 Pansyst Mild

6 22 F + Late syst AL PC 4.3 2.9 33 2.5 Pansyst Trivial

7 64 M + Early syst AL Central 4.9 3.2 35 4.2 Pansyst Mild

8 27 M + Late syst AL PC 5.0 2.9 42 2.0 Pansyst Trivial

9 46 F + Early syst AL PC 4.7 2.5 47 1.5 Pansyst Mild
10 22 M + — AL PC 4.6 3.0 35 2.7 Pansyst Mild
11 56 F + Late syst AL PC 4.0 2.5 38 3.0 Pansyst Mild
12 45 F + — AL PC 4.7 2.5 49 3.0 Pansyst Mild
13 34 F + Early syst AL PC 4.9 3.4 31 2.7 Pansyst Mild
14 73 M + — AL PC 5.0 3.0 40 2.7 Pansyst Mild
15 21 M - Late syst AL PC 4.5 3.0 33 2.9 Pansyst Trivial

43+17 4.6+0.3 2.940.3 37+5 2.84+0.6

LVDd=left ventricular end-diastolic dimension; LVDs=left ventricular end-systolic dimension; % FS=percent
fractional shortening; LAD =left atrial dimension; MR =mitral regurgitation; M =male; F =female; syst=sysotole;
AL =anterior leaflet; Central =central portion; PC=posteromedial commissure site; Pansyst=pansystole.

Table 2. Clinical characteristics and phonocardiographic and echocardiographic findings
in patients without mitral valve prolapse having mid-systolic clicks and/or a late
systolic murmur

Phonocardiographic

Two-dimensional echocardiographic

Doppler echo

findings findings findings
Case Age Sex
Mid-systolic Mu LVDd LVDs 9%FS LAD Duration of Semiquantific-
click(s) rmur (cm) (em) (%)  (cm) MR tion of MR
1 27 F + 4.0 2.6 35 1.8 Early syst Trivial
2 16 F + 4.5 2.9 36 2.1 — -
3 16 F + 4.2 2.6 38 2.0 - -
4 69 F + 3.7 2.5 32 2.5 — -
5 43 F + 4.6 3.0 35 2.7 Early sy'st Trivial
34+20 42+0.8 2.7+0.2 35+2 2.2+0.3

LVDd=left ventricular end-diastolic dimension; LVDs=left ventricular end-systolic dimension; %FS=per-
cent fractional shortening; LAD =left atrial dimension; MR =mitral regurgitation; F=female; syst=systole.
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Fi.g 3. M-mode color Doppler recording in the same patient as in Figs. 1 and 2.
Mitral regurgitant signal is seen throughout systole and the isovolumic relaxation period.
MYV =mitral valve.
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Fig. 4. M-mode color Doppler echocardiogram recorded from a patient with mitral valve
prolapse and having a mid-systolic click.

Mitral regurgitant signal is seen immediately after the mid-systolic click.

C=mid-systolic click; MV =mitral valve.
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Fig. 5. Two-dimensional Doppler color flow imaging (left upper panel)), M-mode color
Doppler echocardiogram (right upper panel) and pulsed Doppler recordings (lower three

panels) of a patient with mitral valve prolapse.

Mitral regurgitant signal is recorded throughout systole and the isovolumic relaxation period
when M-mode color Doppler echocardiography is used. Using pulsed Doppler echocardiography,
however, the timing of mitral regurgitant signal varies from early systole (left lower) to mid- (middle
lower) and late systole (right lower) by changing the sites of the sample volume.
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Fi.g 6. M-mode color (left panel) and pulsed (middle and right panel) Doppler recordings of

a patient with mitral valve prolapse.

Although mitral regurgitant signal is recorded throughout systole and the isovolumic relaxation

period by M-mode color Doppler echocardiography, timing of the mitral regurgitant signal varies
from early (middle) to mid- and late (right) systole by changing the sites of the sample volume when

using pulsed Doppler echocardiography.
MYV =mitral valve.
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Fi.g 7. Continuous wave Doppler echocardiogram of mitral regurgitation in a patient
having mitral valve prolapse.

When approaching from the apex, the mitral regurgitant signal can be recorded in mid- to late

systole.
CW =continuouse wave Doppler echocardiogram.
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Fi.g 8. Continuous wave Doppler recording of mitral regurgitation with mitral valve
prolapse in the same patient as in Fig. 7.

When approaching from the parasternal portion, the mitral regurgitant signal can be obtained in

early systole.
CW =continuous wave Doppler echocardiogram.
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Fi.g 9. Continuous wave Doppler recordings of mitral regurgitation in a patient with
mitral valve prolapse.

Timing of mitral regurgitant signal varies from early (left) to mid- and late (middle and right) sys-
tole depending on the beam direction.

CW =continuous wave Doppler echocardiograms.
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Fig. 10. High pulse repetition frequency Doppler recordings of mitral regurgitation in a
patient with mitral valve prolapse.

Timing of mitral regurgitant signal varies from early (left) to mid- and late (right) systole by chang-
ing the sites of the sample volume.

HPRF =high pulse repetition frequency Doppler echocardiogram.
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Clinical characteristics and phonocardiographic and echocardiographic findings

in patients with mitral valve prolapse having a pansystolic murmur with late

systolic accentuation

Phonocardiographic Two-dimensional echocardiographic Doppler echo
findings findings findings
Case Age Sex Mid- . ] Semi-
(s:isct]?(l ;3: Murmur El:se d portion Izynl?)d IZ(YHII))S {%/FO‘)S ]'('3111)) ?’?rﬁlﬁn qua:ftlli\i/fﬁtxon

1 39 M - Pansyst AL PC 4.2 2.0 52 3.0 Pansyst Mild
2 15 M - Pansyst PL AS 5.8 3.2 45 3.0 Pansyst Moderate

3 20 M - Pansyst AL PC 5.1 3.5 31 3.8 Pansyst Mild
4 72 M - Pansyst PL PS 4.6 2.8 39 35 Pansyst Moderate
5 35 M - Pansyst AL PC 5.3 3.2 40 3.0 Pansyst Moderate

6 60 M - Pansyst AL PC 4.5 2.2 51 4.2 Pansyst Mild

7 47 M — Pansyst AL PC 4.8 3.3 31 3.2 Pansyst Mild

8 48 F — Pansyst AL PC 5.6 3.0 46 3.9 Pansyst Mild

9 71 F - Pansyst AL PC 4.7 3.0 36 3.0 Pansyst Mild

10 51 F - Pansyst AL PC 4.8 3.2 33 3.2 Pansyst Mild
11 39 F + Pansyst AL PC 4.3 3.0 30 2.1 Pansyst Moderate

12 25 M + Pansyst AL PC 4.5 2.8 38 3.0 Pansyst Mild
13 36 M - Pansyst PL PS 5.0 3.0 40 4.3 Pansyst Moderate
14 19 M - Pansyst AL PC 5.6 3.3 41 3.2 Pansyst Moderate
15 72 M - Pansyst AL PC 5.5 3.5 36 3.2 Pansyst Moderate
16 27 F - Pansyst AL PC 4.2 2.5 40 2.2 Pansyst Moderate

42+18 4.9+0.5 3.0+0.4 39+6 3.2+0.6

LVDd=left ventricular end-diastolic dimension; LVDs=left ventricular end-systolic dimension; % FS=percent
fractional shortening; LAD =left atrial dimension; MR=mitral regurgitation; M=male; F=female; Pansyst=
pansystole; AL =anterior leaflet; PL =posterior leaflet; PC=posteromedial commissure site; AS=anterolateral

scallop; PS=posteromedial scallop.
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Fig. 11. High pulse repetition frequency (left panel) and continuous wave (right panel) Dop-
pler recordings of mitral regurgitation obtained from a patient with a pansystolic murmur

with late systolic accentuation.

Mitral regurgitant signal throughout systole and the isovolumic relaxation period is recorded using

both techniques.

HPRF=high pulse repetition frequency Doppler echocardiogram; CW =continuous wave Dop-

pler echocardiogram.
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Fig. 12. Pulsed (left) and continuous wave (right) Doppler echocardiograms of a patient
having a pansystolic murmur with late systolic accentuation.

Approaching from the apex, a mitral regurgitant signal throughout systole and the isovolumic relaxa-
tion period is recorded by pulsed Doppler echocardiography (left), though the mitral regurgitant
signal only in mid- to late systole is obtained by the continuous wave Doppler method.

PW =pulsed Doppler echocardiogram; CW =continuous wave Doppler echocardiogram.
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Fig. 13. High pulse repetition frequency Doppler recording of the same patient as in Fig.

12.

Regardless of whether by the apical approach, a mitral regurgitant signal is recorded throughout

systole and the isovolumic relaxation period.

PW =pulsed Doppler echocardiogram; HPRF =high pulse repetition frequency Doppler echocar-

diogram.
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Table 4. Summary of phonocardiographic and echocardiographic findings in the subjects
with mid-systolic clicks and/or a late systolic murmur

Findings of M-mode color

Number 2-D findings flow echocardiograms
of
cases Prolapse Prolapse Typical Other
+) (=) regurgitant signal  regurgitant signal

Late systolic murmur 5 5 0 4 1
Early systolic murmur 5 5 0 5 0
No significant murmur 10 5 5 5 0
Total 20 15 5 14 1

Typical regurgitant signal =regurgitant signal in the entire systole and isovolumic relaxation period. 2D =find-
ings =two-dimensional echocardiographic findings.

2DD MD

MITRAL VALVE MITRAL VALVE

—— EARLY SYSTOLE
---- END SYSTOLE

Fig. 14. Schematic diagram showing the relationship among two-dimensional Doppler
color flow (left), M-mode color flow (right upper) and pulsed Doppler (right lower) echocardio-
grams of mitral regurgitation in patients with mitral valve prolapse.

Using M-mode color flow echocardiography, mitral regurgitant signal could be recorded through-
out systole and the isovolumic relaxation period. With pulsed Doppler echocardiography, however,
timing of the mitral regurgitant signal varies from early (SV,) to late (SV,) systole by changing the
sites of the sample volume.

2DD =two-dimensional Doppler color flow image; MD=M-mode color Doppler echocardiogram;
PW =pulsed Doppler echocardiogram; PCG =phonocardiogram; ECG =electrocardiogram; SV =
sample volume; S,=first heart sound; S,=second heart sound.
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Fig. 15. Schematic diagram showing the rela-
tionship between the two-dimensional Doppler
color flow images (left) and continuous wave
Doppler recordings (right) of mitral regurgita-
tion in patients with mitral valve prolapse.

Pattern of mitral regurgitant signal varies from (@
to @ by changing the beam direction (D~ @) when
using the continuous wave Doppler technique.

PCG =phonocardiogram; ECG =electrocardio-
gram; S, =first heart sound; S,=second heart sound.
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