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Summary

To evaluate the relationship between the motion pattern and degree of organic change of the
anterior mitral leaflet (AML) and the features of the mitral component of the first heart sound (M;) or
the opening snap (OS), 37 patients with mitral stenosis (MS) were studied by auscultation, phonocardio-
graphy and echocardiography. Based on the features of M, and OS according to auscultation and phono-
cardiography, the patients were categorized as group I, 18 patients with loud and snappy M; and OS;
group II, 12 patients with snappy M, but small and dull OS; and group III, seven patients with small
and dull M, and OS.

Intensities of M; and OS were calculated by the ratios of their amplitudes to the aortic component
of the second heart sound on the high frequency phonocardiograms recorded at points of the maximum
intensities, respectively. Echocardiographic parameters related to productions of M, and OS were ob-
tained from M-mode and two-dimensional echograms of the AML; they were amplitudes and velocities
on closing and opening, M, area defined as that between end-diastolic and systolic echoes, OS area
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between systolic and early diastolic echoes, the doming area between the trailing edge of an early diastolic
echo and a line projected from the anterior annulus to the tip of the leaflet, and the degree of systolic
ballooning.

Results were as follows:

1. Significant differences in the area of the mitral valve orifice were found among three groups.
The area was maximum in group II, minimum in group III and intermediate in group I

2. In group I, the body of the AML was pliable, resulting in a ballooning into the left atrium in
systole and a marked doming toward the left ventricle in early diastole. Various parameters related to
the production of M; and OS in group I were significantly increased as compared with those of the
other two groups.

3. Ingroup II, the body of the AML was not pliable in spite of mild organic changes in the valve.
The degree of early diastolic doming was mild. Compared to group III, the intensity of M, in group
IT was significantly larger, but no significant difference was observed in the parameters related to the
production of M; between the two groups. The intensity of OS in group II was attenuated to the same
degree as in group III and its grade correlated well with the grade of a decrease of the doming area. The
main cause of this attenuation was thought to be low left atrial pressure and reduced diastolic suction of
the left ventricle due to associated left ventricular dysfunction.

4. In group III, both the tip and body of the AML were much less mobile due to severe organic
changes in the valve.

In conclusion, the auscultatory and phonocardiographic features of OS reflect well the pliability
of the body of the AML, particularly of the early diastolic doming of the valve. Those of M; reflect
well the degree of organic change in the AML.

Key words
Mitral stenosis Mitral component of the first heart sound Mitral opening snap Systolic balloon-
ing Early diastolic doming Organic change of the mitral valve
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Fig. 1. Auscultatory and phonocardiographic classification of the patients with mitral
stenosis based on features of the mitral component of the first heart sound (M,) and the
mitral opening snap (OS).
Group I: Both M, and OS are large and snappy; Group II: M, is snappy, but OS is small and dull;
Group III: Both M, and OS are small and dull.
T, =tricuspid component of the first heart sound; TOS =tricuspid opening snap. Filter character-
istics of the phonocardiograms: L =0-50, M1=50-100, M2=100-200, H=200-400 (Hz).
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Fig. 2. Phonocardiographic determinations of the intensities of the mitral component of
the first heart sound (M,) and the mitral opening snap (OS).

The intensities of M, and OS are determined by the ratios of their amplitudes to the aortic com-
ponent of the second heart sound (A,) on the high frequency phonocardiograms recorded at the
points of their maximum intensities, respectively.

]
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Fig. 3. Measurements of M-mode echocardiographic parameters related to the produc-
tions of the mitral component of the first heart sound (M,) and the mitral opening snap (OS).
The amplitudes and the velocities of opening and closing of the anterior mitral valve (MV) are
derived from the distances and the most rapid slopes from points D to E and B to C, respectively.
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Fig. 4. Measurements of two-dimensional echocardiographic parameters related to the
productions of the mitral component of the first heart sound (M,) and the mitral opening

snap (OS).

Parasternal long-axis two-dimensional echocardiograms are recorded in early diastole, end-diastole
and systole. The trailing edge of the anterior mitral leaflet (AML) echo of these three phases is traced
by using the anterior mitral annulus as the standard point. M, and OS areas are obtained by the area
between end-diastolic and systolic AML echoes and that between systolic and early diastolic AML

echoes, respectively.

The doming area is obtained from the area between the trailing edge of the AML echo and a line
projected from the anterior mitral annulus to the tip of the AML.

PML =posterior mitral leaflet; LA =left atrium.

PELR. 722L, M 3L OS D THHW
BEE, Phvl EFLERE AT ML
7z. LEMBFITIE, M, 38X OS o¥&idE
7 RR BRROEBIC X > TELT 5720, %fT
RR ff@EA 0.75~1.0 B0 5 L OFHIC X vk
»iz.

3. M, &0 OS OREICEFET S LTa—-HE
DEEIEFEOEHAIE

L. M E—Fih=xa—: ik s R KRR
NELND Y — LG THERITLT 2 —REE
gL, B-C @M X D-E HooiRiE & Fift ek
», ThZhiHgHRHRIE (closing amplitude),
PRAGUEEE (closing velocity) I X OF BRRHRIR
(opening amplitude), B E EE (opening velocity)
& L7z (Fig. 3).

2. WiELT=—K: WEEGILOT T u—
Fizk Y, EREH, FLEREKHB L OUE o0&
EREIWEG L& L. BiEEIERR, Thb
L RERFAA B OMIBFAiRmbR & —F &

¥, BRAHOMIBFAILT = —FlKEE L —2
L, iR e — L IiE s a— it k> TH%
homEEE M, area, U= = — LIER S~
a—RZXoTHENSEHEL OS area ¢ LTHE
H L7 (Fig. 4 LEY).

R, EEFFMROEZN~DILERH
doming DEEZ A+ 57-0iz, IEEHOM
TR T 2 — OF GRS L O il & FRRBEE
HARERICX > THEN 5EFE %2 doming area
L LTEM L (Fig. 4 TEY). IEHOEREN~
@ ballooning DRI, UHEHIOMEIEFaTd
W OMERESHEE R oI, EEE LTIIK
»¥, ballooning #i12 L L DRV L D% (—),
BERDDLO% (+), PEEDEED L0
(H) LT, 3BREHEZITo .

P EOFHE WD R, SRR & EiE
FRH R D B KB A, IEERS 2 LEROR #
DEREL, IEHT P b5z gAY
7o HEH X 7 v F = o # medical graphics

— 81 —



*EE’ =1, ﬁﬁs [E3:N

Table 1. Subclassification, clinical features and echocardiographic findings of patients
with mitral stenosis

Age (y) 2-DE M-mode
———— AOV
Range lesion MVA Organic score LAD
(M) (cm?) of AMV FS F$<0.2 (cm)
Group I 31-56  8/18 1.1+0.4 10£0.5—— 0.29:£0.05— 0/15 4.821.0—
(n=18)  (423)  (44%) j 1s ns B
Group II 49-711  7/]12 1.540.6— * 1.1+0.5= * 0.25+0.06= 3/12 4.7+0.8=
(n=12)  (582)  (58%) 3 ER ds (25%) hs
Group 111 48-74  5/7 0.8+0.3= 2.240.8— 0.26+0.10— 2/7 5.0+0.7—!
(n=7) (57.1) (71%) (29%)

y=years; M=mean; AOV =aortic valve; 2-DE=two-dimensional echocardiogram; M-mode=M-mode echo-
cardiogram; MVA =area of the mitral valve orifice; AMV =anterior mitral valve; FS=fractional shortening of the

left ventricle; LAD =left atrial dimension; n=number of cases; ns=not significant.

* and **=p<0.05 and 0.01.
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Fig. 5. Phono- and echocardiograms of a patient in group I (46-year-old woman, pure mitral
stenosis).

Both M, and OS are large and snappy in the phonocardiogram (A). The long-axis (B: early diastole,
C: systole) and short-axis (D) two-dimensional echocardiograms show diastolic doming and systolic
ballooning of the anterior mitral leaflet (AML) which is thin and minimally fibrotic. The M-mode
echocardiogram (E) of the AML demonstrates the maximum amplitude of 20 mm.

M, =mitral component of the first heart sound; OS =mitral opening snap; MVA =area of the mitral
valve orifice; PCWP =pulmonary capillary wedge pressure.
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Fig. 6. Phono- and echocardiograms of a patient in group I (31-year-old man, severe mitral
stenosis with minimal aortic regurgitation).

Both M, and OS are large and snappy in the phonocardiogram (A). In the long-axis (B: early diastole,

C: systole) and short-axis (D) two-dimensional echocardiograms, organic change of the anterior mitral
leaflet (AML) is relatively marked but is localized in the tip, so that the body of the AML is pliable
and shows the early diastolic doming and systolic ballooning. The M-mode echocardiogram (E) of

the AML shows the maximum amplitude of 28 mm.

Abbreviations are the same as in Fig. 5.
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Fig. 7. Phono- and echocardiograms of a patient in group II (55-year-old man, mild mitral
stenosis with minimal aortic regurgitation).
M, is sharp, but OS is small and dull in the phonocardiogram (A). In the long-axis (B: early diastole,

C: systole) and short-axis (D) two-dimensional echocardiograms, the mobility of the anterior mitral
leaflet (AML) is poor, despite mild organic change. The M-mode echocardiogram (E) of the AML

shows the maximum amplitude of 14 mm.
Abbreviations are the same as in Fig. 5.
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Fig. 8. Phono- and echocardiograms of a patient in group II (54-year-old man, moderate
mitral stenosis with minimal aortic regurgitation and left ventricular dysfunction).

M, is sharp, but OS is small in the phonocardiogram (A). Carotid pulse shows a marked beat-to-beat
variation of the amplitude suggesting left ventricular dysfunction. In the long-axis (B: early diastole,
C: systole) and short-axis (D) two-dimensional echocardiograms, the left ventricle is dilated and the
body of the anterior mitral leaflet (AML) is not pliable despite mild to moderate organic change.
M-mode echocardiogram (E) of the AML shows the maximum amplitude of 16 mm.

Abbreviations are the same as in Fig. 5.
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Fig. 9. Phono- and echocardiograms of a patient in group III (48-year-old man, severe mitral

stenosis with minimal mitral regurgitation).

Both M, and OS are dull in the phonocardiogram (A). The long-axis (B: early diastole, C: systole)
and short-axis (D) two-dimensional echocardiograms show a thickened and immobile anterior mitral
leaflet. The M-mode echocardiogram (E) of the mitral valve demonstrates multiple thickened echoes.

Abbreviations are the same as in Fig. 5.
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Table 2. Comparisons of the amplitude of the mitral component of the first heart sound (M,)

and the echocardiograhic parameters related to the production of M, among three
groups

PCG M-mode 2-DE
Closing Closing Systolic ballooning
ralt/iﬁz amplitude velocity N{é::;ga
(mm) (mm/sec) 2(+) 1(+) (=)
Group I 3.0+1.5 17.4+4. 0 762+171= 2.24+0.5= 7/18 10/18 1/18
(n=18) E EN : P G9%) (5% (6%)
Group II 1.6+£0.5= & 1213, 2=|1 i 4M2x154= I 13303 x 012 8/12 4/12
(n=12) E ns ns ns (67%) (33%)
Group I1I 0.8+0.3= 10.0¢0.9—1__J 343 ilZO—IJ 1.2+0.3= 0/7 47 37
(n=7) G7%)  (43%)

PCG=phonocardiogram; A,=aortic component of the second heart sound; ***=p <0.001.
Other abbreviations are the same as in Table 1.

Table 3. Comparisons of the amplitude of the mitral opening snap (OS) and the echocardiogra-

phic parameters related to the production of OS among three groups

PCG M-mode 2-DE

OS/A, Opening amp-
ratio litude (mm)

Opening veloc- OS area Doming area
ity (mm/sec) (cm?) (cm?)

Group 1 0.8:£0. 17.7£3. 577139 3.2:+0. 1:3+0.3
(n18) 27: % 75 jf’: ER

Group II 0.2+0.1— % 135+17= F 397+ 64 § 214034 ¥ o.sluo.1=”‘| X
(n=12) ns | ] ] 1] ns |

Gr(oup7I)II 02+01-L1 1054181 262+ 87——'| 1.720.5=] 040,11 ]
n=

Abbreviations are the same as in Tables 1 and 2.
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Table 4. Comparisons of two-dimensional echocardiographic parameters related to
the production of the mitral component of the first heart sound (M,) and the
mitral opening snap (OS) between 8 cases each in groups I and II with nearly

equal mitral valve orifice area (MVA)

MVA M, /A, M, area OS/A, OS area Doming area
(cm?) ratio (cm?) ratio (cm?) (cm?)
Group 1 1.5+0.2 2.9+1.6m 1.8+0.3* 0.74+0.2%** 2.940.3** 1.24:0.2%*+
(n=8)
Group 11 1.5+0.3 1.8+0.6 1.4+0.3 0.3+0.2 2.3+0.4 0.6+0.1
(n=8)

¥ ¥¥ ¥¥*=p<0.05, 0.01 and 0.001 vs group II, respectively.

Other abbreviations are the same as in Table 1.
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