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Summary

The ability of echocardiography to trace accurately the movement of the cardiac structures with-
out significant time lag has provided a new opportunity to approach to the problems concerning the
genesis of the heart sounds. The present report has the main purpose to elucidate the same prob-
lem.

As far as the first heart sound is concerned, the phonoechocardiographic study favors an important
role for the contraction of the left ventricle in the produnction of the introductory low frequency vibra-
tions of this sound. The closure of the mitral valve coincided with the onset of the high frequency
component in many, but not all, cases (699;). In about one third of cases, the time relationship was
not fixed. There was no clearly demonstrable time relationship between the second high frequency
component of this sound and the movement of the definite cardiac structures. Thus, the unitarian
theory cannot be tolerated to explain the whole figure of the genesis of the first heart sound.

As to the second heart sound, there was a gap between the closure of the aortic valve and the sound
and this delay of the sound was conspicuous in the pulmonic component unless pulmonary hyper-
tension is present. Deceleration of blood in the root of the great arteries and compliance of the
vascular tree are probably responsible for the delay of the acoustic phenomena.

Ejection sounds of great arteries appeared to occur synchronously with the full opening of the re-
spective semilunar valve in the presence of high arterial resistance (systemic artery and pulmonary hy-
pertension), and slightly delayed to the opening in cases with normal pulmonary artery pressure.

The possible role of valve movements in the genesis of the third and fourth heart sounds could be
discarded, and the present report disclosed the close chronological relationship between the diastolic
heart sounds and the sudden check point of either interventricular septum or posterior wall of the
left ventricle or both, suggesting that the abruptly arrested momentum of moving blood mass will
cause the vibration in the relaxed cardiohemic system.

The opening snap and systolic click in the mitral valve disease occurred simultaneously with the
achievement by the valve of a full open-position and full prolapsed position, respectively. However,
systolic click may occur simultaneously with the onset of prolapse or at any points between the onset
and the end of prolapse, and this seemed to imply that the sound from single scallop may be masked
by the whole process of the prolapse of the valve apparatus.

Tumor plop of left atrial myxoma and clicky sounds of the artificial prosthetic valves appreared to
occur coincident with the sudden halt of the movement of the structures.

At the present time, the loud * sail sound ” in Ebstein’s anomaly could not be precisely related
to the closure of the tricuspid valve. The knock sound of constrictive pericarditis had a relation to
the motion of the interventricular septum, but further experience will be needed to establish the rela-
tionship.
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These observations seem to confirm the validity of some of the classic concept on the one hand,
particularly the concept of acceleration and deceleration theory of Rushmer, but give the promise
of providing much additional new informations concerning the genesis of the heart sound on the other
hand. However, difficulty is still present to solve the problem even by the use of phonoechocardio-

graphy at the present time.
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Ejection sound
Opening snap

Third and fourth heart sounds

Systolic click Tumor plop Artificial
Table 1. Materials
total
© First Heart Sound 4504
Second Heart Sound” 69( 0)
Ejection Sound® 8( 0)
Third Heart Sound® 36( 6)
Fourth Heart Sound? 56 (10)

Number in parenthesis is normal control.
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Fig. 1. Schema of the time relationship among the first heart sound, hemodynamics and the
motion of the heart valves.

Review of the articles with regard to the genesis of the first heart sound is summarized in this schema.

The authors studied the genesis of the heart sound by echocardiography are expressed by gothic let-
ter in this and the succeeding schemata.

Waider and Craige demonstrated that the C point of the mitral valve (MV) echogram occurred at the
time of M, and the C point of the tricuspid valve (T'V) echogram coincided with T,. On the other
hand, Luisada showed the echocardiogram in which the B point of the echogram slightly preceded

the first high frequency component (Ia) of the first heart sound, and thought that the mitral valve closure
occurred from the point A. Tanaka et al reported that the C point which corresponds to the end of the ab-
rupt descent of the mitral echogram indicated the onset of the recoil of the mitral valve after the closure
in early systole and coincided with the beginning of the early component of the first heart sound. He
also reported that the second component was coincident with the opening of the aortic valve. Laniado
et al demonstrated that the first major component (Ia) coincided with two simultaneous events; cessa-
tion of the mitral flow and closure of the valve. Piemme et al stated that the second component (Ib)
coincided with the onset of the aortic valve flow (AV flow). Lakier et al showed that the soft low pitched
vibration (M) was frequently observed at the point of cross-over of the left ventricular (LV) and left atrial
(LA) pressures.
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Fig. 2. Mitral valve echogram related to the
three components of the first heart sound.
The coincidence of the B point and the beginning

of the low frequency vibration of the first heart sound
is evident. The C point of the anterior mitral valve
echo (MV) is coincident with Ia, and the point of sud-
den halting of the interventricular septal motion oc-
curs at the time of Ib (arrow).
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Fig. 3. Mitral valve echogram related to the first high-frequency component (Ia) of the first
heart sound (top), and tricuspid valve echogram related to the second high-frequency compo-
nent (Ib) of the first heart sound (bottom).

Bottom figure showed that Ib appeared after the complete closure (C) of the tricuspid valve.
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Fig. 4. Aortic valve echogram related to the second high-frequency component of the first

heart sound (Ib).
Ib coincides with the onset of the opening motion of the aortic cusps.
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and AV valve motion
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Fig. 5. Time relationships among the three components of the first heart sound (low I, Ia, Ib)
and the motions of atrioventricular valves and the left-sided endocardium of the basal inter-

ventricular septum (IVS).
The cases with mitral stenosis were excluded.

The low pitched vibration of the first heart sound (low I) occurs at the point of B of the anterior mit-
tral valve (AMYV) in many cases. The first high frequency component (Ia) closely relates in time to the
C point of the AMV. The second component (Ib) does not correlate completely with any check points
of the cardiac structures, but it seems to have a correlation with the opening of the aortic valve (AV) or
with the point of sudden halting of the expanding motion of the ‘ basal > interventricular septum (Basal

IVS) more closely than to the C point of the anterior tricuspid valve (ATV).
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Fig. 6. The first heart sound in mitral stenosis with atrial fibrillation.
The low frequency and the first high frequency components of the first heart sound are synchronous

with the B and C points of the mitral valve, respectively.
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Fig. 7. Loud Ib in mitral stenosis.

Mitral valve shows that the C point of the mitral valve is later than the onset of Ia and earlier than

the onset of Ib (top).
variable (bottom).
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Fig. 8. Schematic representation of the timing of the second heart sound in relation to various
hemodynamics and the motion of the semilunar valves.

The data from our laboratory (Sakamoto, Hayashi et al) demonstrate the delay of the sound phenomena
to the closure of the semilunar valves. Chandraratna et al and Anastassiades et al also observed the
same findings (they did not adopted the beginning of the high frequency vibration as the reference,

however). On the other hand, Tanaka as well as Craige et al claim that the second heart sound occurs
simultaneously with the end of the closing motion of the respective semilunar valve (later, Tanaka
disclosed the delay of the IIP (P,) to the closure of the pulmonic valve by high speed technique).
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Fig. 9. The second heart sound and aortic
valve echogram.

Aortic valve closure clearly precedes the aortic com-
ponent of the second heart sound.
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Fig. 10. Schematic representation showing the time relationships among the ejection sound,
hemodynamics and the motion of the semilunar valves (In convenience, aortic and pulmonic

ejection sounds are illustrated without consideration of their time courses).
Waider and Craige demonstrated that the ejection sounds (Ej) coincided exactly with the time of full
opening of either aortic or pulmonic valve with only 2 exceptions. Sakamoto et al also reported independ-

ently the same fact in cases with pulmonary hypertension. The aortic ejection sound in patients without
aortic valve disease is coincident with the onset of the pressure rise in the aortic root (AOP). On the

contrary, the aortic ejection sound in patients with valvular stenosis (AS) is delayed slightly after the onset
of the pressure rise, but is coincided with the anacrotic notch. These findings were emphasized by Whit-

taker et al.
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Fig. 11. Ejection sound and pulmonary valve echogram.

The left cusp of the pulmonary valve reaches its full excursion precisely at the time of the ejection
sound.
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Diastolic Heart Sound

Crevasse (1962) 40)

A

Arevalo (1964) 4)

active relaxation

.passive distension

4
Craige (1974)

(Laniado 1975) 45)
) 46)

(Kalmanson 1975

(Prewitt 1975) 42)

RCD : Rate of change  of diameter

Fig. 12. Schematic representation of the timing of the diastolic heart sounds in relation to
various hemodynamics and the motions of the atrio-ventricular valves.

The study of Crevasse et al demonstrated that the third heart sound (III) and the fourth heart sound
(IV) occurred at the time when atrial pressure (LA) exceeded ventricular pressure (LV). The observation
of Arevalo et al showed that the third heart sound coincided with the return to the base line of the first
derivative of the interventricular pressure curve (LV dp/dt). Craige and Fortuin stated that the mitral
valve already achieved a maximally open position (E) and was in the act of closing in early-to-mid diastole
at the time of the third heart sound.
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Fig. 13. Diastolic (the third and fourth) heart
sounds and mitral valve echogram.

The anterior mitral valve (AMYV) echo had no tem-
poral relationship to the diastolic heart sounds.
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Fig. 14. Diastolic heart sounds and left ven-
tricular wall motion.

The third heart sound coincides with the point
of inflexion of the endocardium. The fourth heart
sound occurs at the onset of the presystolic inter-
ventricular septal movement.
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Fig. 15. Schematic representation showing the time relationships among the diastolic (third
and fourth) heart sounds and the motions of the left ventricular wall.

The third heart sound (III) occurs at the time of F point of the left ventricular endocardium. The ini-
tial vibration of the fourth heart sound (IV) coincides with the A point, and the main vibration occurs at

the time of B point.
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Fig. 16. The fourth heart sound and the left ventricular wall motion.
The fourth heart sound occurs during the presystolic left ventricular wall movement.
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Fig. 17. The fourth heart sound and the location of the presystolic movement of the left ven-
tricular wall in a case with IHSS.

The basal interventricular septum (IVS) and the apical posterior wall (PW) of the left ventricle (LV)
are hypertrophied, therefore, when the fourth heart sound occurs, the compensatory portions, that is, the
apical IVS and the basal posterior wall, show the distinct outward motion (arrows).
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Fig. 18. Left ventricular wall echograms of the apical hypertrophic cardiomyopathy.
Presystolic left ventricular wall movement locates more obviously in the basal interventricular septum

than in the apex.
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Fig. 19. The third heart sound image (“S; image ”’) of the normal heart.

”

The ““ S; image
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was made by superimposed figures of tomograms which obtained at the time of end-

systole (Sy) and the end of rapid filling (RF). The dilating motion is seen from the mid to apical portion

of the left ventricular (LV) wall.
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Fig. 20. The third heart sound image (*“S; image ”’) of uremic heart disease.
The whole interventricular septum (IVS) moves uniformly as the left ventricle (LV) dilates, but the
movement of the posterior wall (PW) is scarcely observed.
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Fig. 21. The fourth heart sound image (“S, image ”’) of the anteroseptal myocardial infarc-
tion.

The S, image ” is made by superimposed figures just like in case of ““S; image ” at the time of the
onset of the P wave of the electrocardiogram (ECG) (P) and the time just before the Q wave of ECG
(AC). The wall movement locates in the mid portion of the left ventricular posterior wall (PW).

— 503 —



‘“'fy YA

Sail Sound

in Ebstein's anomaly
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Fig. 22. ‘ Sail sound ” in Ebstein’s anomaly.

The second component of the first heart sound
with large amplitude (S: sail sound) occurs exactly at
the time of the closure of the tricuspid valve (TV)
(Crews et al, Tajik et al, and Farooki et al). Fontana
and Wooley demonstrated that this sound occurred
at the point of transition from slow to rapid pressure
rise in the right ventricle (RV) and at the beginning
of an abrupt negative deflection following the “ C”
wave of the atrialized RV pressure pulse.
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Fig. 23. Tricuspid valve echogram and phonocardiogram from a woman with Ebstein’s anom-
aly.
Sail sound in this case appears 50 msec

€ ”»

after 7’ the tricuspid valve closure.
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Fig. 24. Pericardial knock sound (K) in constrictive pericarditis.

K as well as the third heart sound occurs during the E-F or closing slope of the mitral valve in early
diastole (top), but appears before the sudden halt of the ventricular wall expansion (bottom). There is
a definite check point in the interventricular septum in many cases of constrictive pericarditis (arrow),
but it may not be apparent in the first beat in this figure.
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Opening Snap
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Fig. 25. Schematic representation of early di-
astolic time relationship among opening snap
(0S), mitral echogram and hemodynamics.

Edler first described the time relationship between
the E point and opening snap. Kalmanson reported
that the mitral flow velocity (MFV) wave had a defi-
nite time relation to opening snap.
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Fig. 26. Opening snap and mitral valve echogram from a young woman with mitral regurgi-

tation.

Opening snap occurs at the time of E point of the mitral valve.
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Systolic Click

in Mitral Prolapse
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Fig. 27. Systolic click in mitral valve prolapse.

Winkle et al stated that the systolic click occurred during P-M
interval of the mitral valve (MV). Actually, the click may or may
not coincide with the point of abrupt backward movement.
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s Olsec
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Fig. 28. Systolic click and the mitral valve echogram.

Systolic click in this case occurs just before the maximum backward motion of the valve, which shows
pansystolic bowing.
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Tumor Plop
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Fig. 29. Tumor plop in left atrial myxoma.

This diagram is a modification of the figure of
Moscovitz et al. Sudden deceleration of the tumor
in the left ventricular cavity is responsible for the
tumor plop (TP). Also, the loud early systolic sound
(TES) coincides with the sudden deceleration of the
tumor movement in the left atrial cavity.
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Fig. 30. Tumor plop and the echogram of a left atrial myxoma.
Sudden halting of the tumor excursion is responsible for tumor plop.
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Artificial Valve Sound
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Fig. 31. Artificial valve sound.
By echocardiographic technique, Winters et al firstly demonstrated
that the origin of the opening click (OC) and closing click (CC) of

the aortic and mitral prostheses appeared relating the bounces or
vibratory motion at the apex and base of the respective cages.
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Fig. 32. Phonoechocardiogram from a case with aortic valve replacement of Starr-Edwards
ball valve.

The opening click (OC) and the closing click (CC) occur at the time of the sudden deceleration of the
ball motion.
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