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Summary
To clarify the genesis of a high-pitched diastolic rumble in mitral stenosis, 51 patients with mitral

stenosis were studied. They were subdivided into two groups based on the pitch of a rumble; six
patients with a high-pitched rumble and 45 patients with an ordinary low-pitched rumble. Phono-
cardiography, and M-mode and two-dimensional (2-D) echocardiography were performed in all pa-
tients. Color and continuous wave Doppler echocardiography were performed in four patients with
a high-pitched rumble and in 13 with a low-pitched rumble.

Results obtained were as follows:
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1. Points of the maximum intensity of a rumble: A low-pitched rumble was best heard at the
apex in all patients. A high-pitched rumble was best heard at the mesoapical area, except in one
patient who had an oval mitral orifice by 2-D echocardiography.

2. Correlation between the pitch of rumble and the shape of the mitral orifice: In five of
the six patients with a high-pitched rumble, the mitral orifice had a tadpole-shaped deformity, in
which commissural fusion and valvular thickening were more marked anterolaterally than postero-
medially. Among 45 patients with oval, slit or pinhole-like valve orifices, only one had a high-pitched
rumble.

3. Direction of the left ventricular (LV) inflow jet as observed by color Doppler echocardiogra-
phy: On the short-axis view at the level of the papillary muscles, the inflow jet was directed toward
the medial portion of the LV cavity in the patients with a high-pitched rumble. However, it was
directed towards the central portion of the LV cavity in all patients with a low-pitched rumble. On the
apical long-axis view, no distinct difference was detected in the direction of the LV inflow jet between
the two groups.

4. Other findings: There were no significant differences between the two groups in the mitral
orifice area, the peak velocity of LV inflow, fractional shortening of the LV, dimension of the left atrium,
Wells’ index and the degree of organic change in the subvalvular structures.

These results suggest that the deformity of the mitral valve and resultant changes in the direction
of the LV inflow jet may play an important role in the mechanism of producing a high-pitched diastolic

rumble in mitral stenosis.
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Fig. 1. Phonocardiograms of two cases of mitral stenosis with a low-pitched (panel A) or
a high-pitched rumble (panel B).

DM =diastolic murmurs (rumbles); OS=opening snap; PM=presystolic murmur, Filter
charcteristics: L =0-50, M1=50-100, M2=100-200, H=200-400(Hz).
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Fig. 2. Classification of the shapes of the mitral orifice in the short-axis two-dimensional

echocardiograms.

Shapes of the mitral orifice are classified in four types based on the following criteria.
Oval type: Area of the mitral orifice (MVA) is greater than 1.0 cm? and the ratio of the minor

axis (a) to the major axis (b) is greater than 0.30.

Slit type: The a/b is less than 0.30.

Pinhole type: MVA is less than 1.0 cm? with a round orifice.
Tadpole type: Commissural fusion and valvular thickening are more marked in one site than in
another site, and the orifice shape resembles that of a tadpole.
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Fig. 3. Color Doppler determination of the direction of the left ventricular inflow jet.
Direction of the inflow jet is determined according to the region of the color flow image on the

following two-dimensional echocardiograms.

Apical long-axis view (panel A): ““a’’ indicates the inflow jet towards the posterior wall, “b’’ to-
wards the apex and ‘“‘c’’ towards the ventricular septum.

Short-axis view at the level of the papillary muscles (panel B): “1’’ indicates the inflow jet is
towards the lateral portion of the left ventricular cavity, “2’’ towards the central portion and “3’’

towards the medial portion.
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Table 1. Comparison of phonocardiographic, M-mode and two-dimensional echocardio-
graphic data between the groups with low-pitched and high-pitched rumbles

PCG M-mode 2-DE
Intensity of , Organic score
rumble ?X;Bs FS I(::}r\nl? l(\;llf; of mitral
(Levine) x complex
Low-pitched rumble 2.1+1.0 —1.7+2.4 0.32+0.08 4.6+0.9 1.46+0.55 1.3+1.8
(n=45)
High-pitched rumble 2.1+1.2 —0.3+3.1 0.25+0.10 5.1+1.1 1.244+0.26 2.2+1.4
(n=6)
p value ns ns ns ns ns ns
mean+SD

PCG =phonocardiogram ; M-mode=

M-mode echocardiogram; 2-DE =two-dimensional echocardiogram; FS=

fractional shortening of the left ventricle; LAD =dimension of the left atrium; MVA=area of the mitral ori-

fice; n=number of cases; ns=not significant; SD=

o] S
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Fig. 4. Incidence of low- and high-pitched rumbles in four types of stenotic mitral

orifices.

In 44 of 45 patients with oval, slit or pinhole-like mitral orifices, the rumble is low-pitched.
However, 5 of 6 patients with a tadpole-like mitral orifice have a high-pitched rumble.

Table 2. Comparison of continuous wave Dop-
pler echocardiographic data among
the two groups with low-pitched and
high-pitched rumbles

Peak velocity Maximum PG

(m/sec) (mmHg)
Low-pitched rumble 1.4+0.4 9.2+4.8
(n=13)
High-pitched rumble 1.6+0.5 11.1+6.8
(n=4)
p value ns ns
(mean=+SD)

PG=atrioventricular pressure gradient; ns=not
significant; n=number of cases; SD=standard de-
viation.
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A. Apical long-axis view

B. Short-axis view
(papillary muscles level)
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Fig. 5. Relation between the direction of the left ventricular (LV) inflow jet and the

pitch of the rumble.

In the apical long-axis view (panel A), no distinct difference is observed in the direction of the inflow

jet between the low-pitch and the high-pitch groups.

In the short-axis view (panel B), the inflow

jet is directed towards the medial portion of the LV cavity in all patients with a high-pitched rumble.
However, it is directed towards the central portion of the LV cavity in all patients with a low-

pitched rumble.

a, b, ¢, 1, 2 and 3 indicate the directions of a LV inflow jet as in Fig. 3. LV=left ventricle.
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Fig. 6. Two-dimensional echocardiograms (upper panels) and phonocardiograms (lower
panels) in two patients with a low-pitched rumble (panel A, 48-year-old male) and a high-
pitched rumble (panel B, 63-year-old male).

In panel A, mitral orifice (MVO) is oval-shaped, and an apical diastolic rumble (DM) is low-
pitched in quality. In panel B, a high-pitched rumble (DM) and a tadpole-like deformity of the

MVO are shown.

PM =presystolic murmur; OS =opening snap.
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Fig. 7. Color Doppler echocardiograms in the apical long-axis views (upper panel) and

short-axis views (lower panel) from the same patients as in Fig. 6.

Panel A (low-pitched rumble): The left ventricular (LV) inflow jet is directed towards the apex

(upper panel) and towards the central portion of the LV cavity (lower panel).

Panel B (high-pitched rumble): The inflow jet is directeds toward the ventricular septum (upper

panel) and towards the medial portion of the LV cavity (lower panel).
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