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Summary

To clarify the genesis of a protodiastolic extra heart sound (S3’) which was occasionally recorded
at about the beginning of a diastolic rumble in mitral stenosis (MS), phono-, apex- and echocardiography
were performed for 33 patients with MS, and left ventricular (L'V) cineangiography was performed for
eight of them. The patients were classified as S3’(+) and S3’(—) groups, according to whether they had S;’.

Results were as follows:

1. The Sy’ was synchronous with the rapid filling (RF) wave of the apexcardiogram (ACG). Its
amplitude was proportional to the size of the RF wave.

2. The RF wave was significantly sharper in the Sj’(+) group as compared with that of the
Ss’(—) group.

3. The Sy’ always appeared after onset of dispersion of dots in the velocity pattern of blood
flow at the mitral valve orifice according to pulsed Doppler echocardiography.

4. There was no significant difference between the S3’(+) and S3’(—) groups in the region of the
mitral valve orifice according to two-dimensional echocardiography, and at the peak rate of change of
the LV dimension during diastole as determined by M-mode echocardiography.

5. The peak rate of change of the long-axis dimension of the LV during diastole as determined by
cineangiography was significantly greater in the Sg/(4+) group than in the Sy'(—) group. However,
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there was no significant difference between the two groups regarding the peak rate of change in the
short-axis dimension of the LV during diastole as determined by cineangiography.

6. The amplitude of the early diastolic dip of the interventricular septum (IVS) was significantly
greater in the Sg’(+) group as compared with that of the S3’(—) group.

7. The amplitude of the Sy’ and the size of the RF wave correlated positively with the amplitude
of the early diastolic dip of the IVS in pts with atrial fibrillation.

8. Fractional shortening of the LV ascertained by M-mode echocardiography was significantly
greater in the Sy’(4) group than in the Sy’(—) group. The end-systolic dimension of the LV tended

to be less in the former than in the latter group.

In conclusion, the S;’ in MS was considered to be a third heart sound. Expansion along the long-
axis of the LV and its sudden change in early diastole may account for the genesis of the Sg’, and this
expansion may be accentuated by restoring force and active diastolic suction of the LV, and by
velocity, direction and spread toward the cardiac apex of the stenotic mitral jet flow.
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Fig. 1. Phonocardiogram of moderately severe mitral stenosis with a protodiastolic extra

heart sound.

Large vibrations (S’;) of medium to high pitch can be seen at about the beginning of the diastolic
rumble (DM) at the apex. A holosystolic murmur suggestive of tricuspid regurgitation and a blow-
ing aortic regurgitant murmur of small amplitude are also present.

OS =opening snap.

LETHY, L biz RF ok srKm+ 2
EBELEXLNS.

ACG omigsFiziz7 s ¥EFH TY303H Ly
77 v 7, BIUORERK 2.0 BomigsazAlv,
FFEIc Xy @2 L. ACG o—k#syizi3,
RFES 10msec » RC WHEEEE->7 7 4E
Ff IMD-11 B33 % Flviz. ACG BX vtz
D—RMSIBEOBEICIE, 30Hz, 1 mV OEHHE
XS LI AAERICEMLZ. ACG BXutz
D—RMHEE, LFERB IO 1T FELER L
bz, v~z IrS57 Anw, B
100 mm DFE CRMRFEE L7-.

3. [BiEFOEBELE

EiEFO v T oEEEHNERICI T 58

EREHoRRT 2 —PHlgE L — 2 LY, Good-
man $ medical graphic analyzer % {8
FOEHE Rz, BEFROBERL LT,
FE SSH-11A # fuvi-.

4. Peak dD/dt ME %

BEOY— L FRTHRGE LT - BBz a—
Kz, HREZERR X OHELNERNE
L — 2 L, Goodman # medical graphic analyzer
#HWT peak dD/dt Zkbdi#z. M £— Kz =
=Rz, 7wl SSD-110B % FHv, E# 50
mm OFEE T strip chart recorder # i\ C3E8%
L.

5. LEPEOIIREY dip OFRE (d) OFHAE
(Fig. 3)

— 797 —



=, A, WE, Es

i
i
g A
e i
sl
|

[

\

' Firsé &ei—i\'};tive
/ of ACG (dA{dt .) :

Fig. 2. Methods for deriving F1 and F2.

NI

F1, F2=indexes expressing sharpness of the rapid filling wave of ACG; PCG =phonocardiogram;
ACG =apexcardiogram; RF =rapid filling wave; a, b=calibration factors.

Fig. 3. Method for measurement of the ampli-
tude of the early diastolic dip (d) of the inter-
ventricular septum.

S,=first heart sound; S,=second heart sound;
OS=opening snap; P,=posterior motion of the
interventricular septum (IVS) during systole; P,=
posterior motion of the IVS during the period from
S, to OS; Py=posterior motion of the IVS after the
onset of OS; ECG=electrocardiogram; PCG=
phonocardiogram; LVPW =posterior wall of the left
ventricle.
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Fig. 4. Method for measurement of long and short axes of the internal dimension of the
left ventricle (panel A) and of the peak rate of these changes of the internal dimension of

the left ventricle during diastole (panel B).
The peak rate of change of the internal dimension of the left ventricle during diastole along the
long and short axes (peak dL/dt and dS/dt) are derived from the maximal slope of the dimension

curve of the left ventricle in early diastole.
LVG =left ventriculogram; RAO=right anterior oblique projection; ES=end-systole; MVO=

mitral valve opening.

Table 1. Measurements of the various parameters obtained from apexcardiogram and

echocardiogram in Sy’ (+) and Sy’ (—) groups (mean=+SE)
ACG Echo
No. of
cases MVA Peak dD/dt Dip (d) LVDd LVDs
Fi F2 (cm?) (cm/sec) (mm) (cm) (cm) % FS

S’ (+) 18 5.3i1.1:l 201.7143.8] 1.310.1] 7.610.8:\ 3.410.3:‘ 4.9i0.1‘J 3.3_—*:0.11\ 33.5-*__-0.1]
* %k k * kK n: x* ¥ *

ns s ns ns
Sy’ (=) 15 0.8+0.1 22.3+ 3.6] 1.3+0.1] 8.0+1.5] 2.4+0.2] 50+0.1] 3.6x+0.1] 29.1x+0.1

ACG =apexcardiogram; Echo=echocardiogram; F1, F2=indexes expressing sharpness of the rapid filling wave
of ACG (Fig. 2); MVA =area of the mitral valve orifice; Peak dD/dt=peak rate of change of the left ventricular
dimension during diastole; Dip (d)=amplitude of the early diastolic dip in the interventricular septal echogram;
LVDd =end-diastolic dimension of the left ventricle; LVDs=end-systolic dimension of the left ventricle; % FS=
percent fractional shortening of the left ventricle; Sy’ =protodiastolic extra heart sound occurring about the begin-
ning of the diastolic rumble in mitral stenosis.

* p<0.05; ** p<0.01; *** p<0.001; ns=not significant.

Rt k51, S i3 RF o' —7 LREERYIC

mo B, R EROMNE S — v L DERE

L —REE FIRERsE+ 5 &, Fig. 6B 157+ X 912, Sy 1344

—fziz, ACG Lk RF 348 (sharp) 24T B AMOEKPRKBT H 5 Ky F DO
1 Sy’ #38w, RF g2 dull 24T Sy’ 238 L VBB IGBRTHE L.

87 b - 7= (Fig. 5). Sy’ # F+ 54T, Fig. 6A
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Fig. 5. Phonocardiogram (PCG) and apexcardiogram (ACG) of patients with (panel A) and
without (panel B) protodiastolic extra heart sound (S’ 3)e
ACG shows a sharp rapid filling wave (RF) in case with Sy’ in contrast with a dull RF wave in

"case without Sy’.
DM =diastolic rumble; OS =opening snap.

2. ACG B&UDTI-RFROLE

Sy'(+) BB LV Sy'(—) Bick i3 ACG Bk
Ol = —[REFRE O F-HE O Hkkrl# & Table
1 3R+

1) ACG iR

ACG o RF EoR#$iEDigETH2 F, F,
&, WFRG Sy'(+) BB S(—) By L E
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2) Lxa—FETR
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i, Sy'(+) BER Sy'(—) Bich_THEICKE 2

27 (BDBD p<0.05, p<0.01). HiFFH O EHH
KOWTIEIERICELZ TR oTr.

Table 2. Measurements of the peak rate of
change of the left ventricular angio-
graphic dimension along the long and
short axes during diastole in Sy/(+)

and Sy/(—) groups (mean+SE)
No. of Peak dL/dt Peak dS/dt
cases (mm/sec) (mm/sec)
Sy (+) 4

162.4+16.9 86.3+13.1
b

Sy (—) 4 793+47 ] 66.9+13.2

Peak dL/dt, peak dS/dt=peak rate of change of the
left ventricular dimension along the long and short
axes during diastole. 34’ is as in Table 1.

* p<0.001; ns=not significant.
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Fig. 6. Phonocardiogram (PCG), apexcardiogram (ACG) and pulsed Doppler echocardio-
gram at the inflow tract of the left ventricle.

Synchronous appearance of the Sy’ in PCG and the rapid filling wave (RF) in the ACG is shown
in panel A. Appearance of the Sy after the onset of dispersed dots, indicating disturbed transmitral
flow, is shown in panel B.

SV =sampling volume; MV =mitral valve; PCG =phonocardiogram. Other abbreviations are as in
Fig. 1.
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Fig. 7. Dimension curves of the left ventricle along the long and short axes derived from
the left ventriculogram in patients with (left panel) and without (right panel) a protodiastolic

extra heart sound (Sy’).

Peak dL/dt, peak dS/dt=peak rate of change of the internal dimension of the left ventricle along the
long and short axes during diastole; ES =end-systole; MVO =mitral valve opening.
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Fig. 8. Simultaneous records of IVS-PW echocardiogram and PCG (panel A) and ACG
(panel B) in patients with a protodiastolic extra heart sound (S;’).

Close relation between the amplitude of the early diastolic dip of the IVS and that of the Sy’ is
shown in panel A. Close relation between the size of rapid filling (RF) wave and the amplitude of
an early diastolic dip is shown in panel B. The Sy and RF wave appear synchronously with the

peak of the early diastolic dip of the IVS.

ECG =electrocardiogram ; PCG =phonocardiogram; ACG =apexcardiogram; IVS =interventricular
septum; PW =posterior wall of the left ventricle. Other abbreviations are as in Fig. 1.
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Fig. 9. Phonocardiograms (PCG), apexcardiograms (ACG), M-mode echocardiograms and
short-axis diastolic frames of the two-dimensional echocardiogram at the level of the mitral
valve orifice in patients of mitral stenosis with (left panel) and without (right panel) a proto-

diastolic extra heart sound (S,’).

A sharp rapid filling wave of the ACG and a deep early diastolic dip of the interventricular septum
are noted in cases with the S,’. Area of the mitral valve orifice is narrower in cases with the Sy’ (0.99

cm?) than in cases without the Sy’ (1.60 cm?).

DM =diastolic rumble; OS =opening snap ; MVO =mitral valve orifice. Other abbreviations are as

in Fig. 2.
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