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Summary

We studied eight mongrel dogs, weighing 15 to 35 kg, in which an initial low-frequency vibration
of the first heart sound (M-sound) was recognized on the chest wall. A miniature accelerometer weighing
0.5 gm was used to record surface velocity signals and surface acceleration signals as well as phono-
cardiograms over the cardiac apex of the closed chest wall and over the pericardium or epicardium.

The frequency response of accelerometer was essentially flat (+1.5 dB) from 1 to 200 Hz. The
accelerometer mounted was such that its sensitive axis was perpendicular to the recording surface.
Equisensitive phonocardiograms were obtained to compare the signal size of M-sound on the epi-
cardium at several positions including the cardiac apex, the left ventricular anterior wall near the inter-
ventricular septum, the left ventricular antero-lateral wall and the right ventricular anterior wall.
Intraventricular phonocardiograms and pressure curves were obtained by a Millar catheter directly
inserted through the left ventricular wall near the apex to keep the tip near the apex. Furthermore,

BAKFEESEDR SN The Second Department of Internal Medicine, Nihon
HAERAEX A2 O AT 30-1 (F173) University School of Medicine, Ohyaguchi-kami-
machi 30-1, Itabashi-ku, Tokyo 173

Presented at the 25th Meeting of the Cardiography Society held in Tokushima, October 9-11, 1982
Received for publication November 10, 1982

— 137 —



MR, BR, B, EH

the relationship between M-sound and the shortening of the myocardium at the apex was investigated
by means of ultrasonic dimension system and phonocardiography.

Studies of M-sound were performed not only in sinus rhythm, but also in atrio-ventricular dis-
sociation and ventricular pacing after crushing sinus node or electrical vagus stimulation.

The results were as follows:

1. The M-sounds over the chest wall, pericardium and epicardium were recorded coincidently
with the onsets of the left ventricular pressure curve, its dP/dt, low-frequency vibration of the first
heart sound of intraventricular phonocardiogram, positive velocity, and acceleration of myocardial

surface.

2. The M-sound on the epicardium was maximal in intensity at or near the cardiac apex,
in comparison with those recorded on the left ventricular anterior wall near the interventricular septum,
left ventricular antero-lateral wall, and right ventricular anterior wall.

3. The M-sound was observed between A and C points of the mitral valve echogram.

4. There was no effect of atrial contraction on the M-sound in cases of atrio-ventricular dis-

sociation.

5. The onset of the M-sound on the epicardium at the apex was not always coincident with the
onset of shortening of the myocardium at the same position.

6. The size and shape of the M-sound could be changed by intraventricular conduction ab-
normalities, such as left ventricular and right ventricular pacing.

We conclude that the M-sound originates at the cardiac apex coincidently in time with the onset
of left ventricular myocardial contraction, but it has no relationship to the onset of myocardia! con-
traction at the same location. Furthermore, the shape and size of the M-sound is changed by intra-
ventricular conduction abnormalities, but not changed by atrial contraction.
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Table 1. Methods

1. Parameters:
Phonocardiogram

Surface velocity signal ] by accelerometer
Surface acceleration signal

Left ventricular pressure } by Millar

Intraventricular phonocardiogram ) catheter

m e o T

Changes of myocardial shortening by ultrasonic
dimension system
g. Echocardiogram
2. Transducer positions:
a. Over the chest wall and pericardium
b. Over the epicardium of left ventricle (apex,
antero-lateral portion and region near the in-
terventricular septum) and right ventricle
c. Left ventricular cavity
3. Special procedures:
a. Sinus rhythm
b. Electrical vagus stimulation
c. Atrial and ventricular pacing after crushing
sinus node
d. Escaped rhythm after crushing sinus node
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T DREOAME R TX, F OESy OOFINAE L 0
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Fig. 3. Relationship between the echocardiogra
over the apical epicardium.

The main component of the first heart sound (IM;) coincided in time with the closure of mitral
valve. M-sound (M) is recognized to occur during AC slope of the mitral valve echogram.
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Fig. 4. Relationship between the main components and the M-sound of the first heart sound.
The deflection of M-sounds (M) occurs before the mitral and tricuspid valve components of the

first heart sound.
MYV =mitral valve; T'V=tricuspid valve; M =M-sound; M,;=mitral valve component of the first
heart sound; T)=tricuspid valve component of the first heart sound.
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Fig. 7. Changes of the M-sound induced by various experimental conditions.
Shape and size of the M-sound (M)is changed by ventricular pacing, especialy right ventricular pacing.
RA Pacing=right atrial pacing; A-V EB=atrio-ventricular escaped beat; LV Pacing=left
ventricular pacing; RV Pacing=right ventricular pacing; ECG=electrocardiogram; AP =arterial

pressure; ML=myocardial length at cardiac apex by ultrasonic dimension system; dP/dt=dP/dt of
arterial pressure; PCG =phonocardiogram; SVA=surface velocity analyzer; SAA=surface accelera-

tion analyzer.

(SVA), surface acceleration signal (SAA) »it
FEOEFITHB. KERIRFEEET2EMR LHF
s (M) ofiic, KRR T2 M-
sound (M) 23GEdksh T 5.

1. M-sound &, Bl o .LREBOME L D 7
75 F, DIEGIRRE, OREBOIME Lo btk
sh (Fig. 2), zh b ix2pigsE Eo M-sound
LEERLAAI VT EHBEBEREL T

2. DREBCAME 2Rk & e M-sound i3,
fElEfR 2 — 77 20N C la—8+5 1§
ERS (My) XD LS MCETL, MigfFo=
—» A-C MicfFEE L (Fig. 3).

¥ 72 M-sound i, Fig. 4 o X 5T, =4
za— DR E LERFRTH - 2.

3. Fig. 5 TiFAmERC X 5 MERIRE, B=E
BARMMATRIC L s BET WM % b h 5
M-sound Z7Rr3. AT LITOLERO P L
QRS o (ZEMAMFA Rz Y, FHlfpcr P Esn

QRS 2HfTL, FH24ME TREMENER > TR

D, #3E T QRS ol P RIEFEEL %
v L LAaRbE&0HIEE T %5 M-sound (23
FEE A EEER AL NT, DEIE M
Tz LR Ehi.

4. EEECOHER L Y ks b M-sound
(Fig. 6) i3, ZZLRI (LV Apex) 2T
b o & LB, oW TLEPRRICHE T 5 E RN
(LV IVS) CHIMET b o7e. LA L ZESepifleE
(LV. Ant. lat) A=REE RV) 2B Tivh
ELLFRHBTH - 7. £ 1 NoBE Lok i TRndk
&Ehiz M-sound I, HRDOZLTHBH, 0
TN B AT, ZEFLRIBL O 2 h 2k i i
EEhibDThBEEX LN

5. DE BB RERI O EL AN RIS
o M-sound 12 5% 520 1 % Fig. 7 i
R AER— Y v S L EEEATR R, 37
b BOEIGHE O O 1 #4> o M-sound {3,

43—



AR, BRI, & e

PCG(1V)50Hz

; e
i i
3 12
i) uil
LVdp/dt ‘; i
Beilien ,
1
H
i

SAA(Apex)

PCG on Epicardium gl
(Apex) 100Hz !

Fig. 8. Relationship between the vibration over the apical epicardium and intraventricular

phenomena recorded by a Millar catheter.

The M-sound (M) is synchronous with the onset of upstroke of left ventricular pressure curve and
its dP/dt, and is coincident with the beginning of the low-frequency component of the first heart

sound of the intraventricular phonocardiogram.

LV dP/dt=dP/dt of left ventricular pressure; PCG (IV)=intraventricular phonocardiogram;
LVP=left ventricular pressure curve; SAA=surface acceleration analyzer; PCG on epicardium=

phonocardiogram on epicardium at apex.
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Fig. 9. Relationship between the M-sound and the shortening of myocardial length at
the cardiac apex by ultrasonic dimension system.
The M-sound starts before the beginning of shortening of myocardium at the same location of
the apex. In the left panel, P wave is present before QRS, but not in the right panel.
M=M-sound; ECG=electrocardiogram; AP=arterial pressure; ML=myocardial length at the
cardiac apex by ultrasonic dimension system; dl/dt=dl/dt of changes of myocardial length; PCG=
phonocardiogram; SVA=surface velocity analyzer; SAA=surface acceleration analyzer.
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