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Summary

To investigate the genesis of the third (IIIs) and fourth heart sounds (IVs), apical phonocardio-
grams were recorded simultaneously with pulsed Doppler signals of the mitral flow and interven-
tricular septal (IVS) and left ventricular posterior wall (PW) echoes by M-mode echocardiography
in 26 cases with the IIIs and 11 cases with the IVs.

The following results were obtained:

1. Cases with the IIIs were classified into the following three groups according to the time re-
lationship between the IIIs and a rapid filling wave (D wave) of the mitral flow velocity pattern.

1) IIIs-peak group: The IIIs occurred coincidently with the peak of the D wave in five healthy
adolescents and in 12 cases with absolute left ventricular volume overload including mitral regurgitation
(MR: eight cases), postoperative atrial septal defect (ASD: three cases) and ventricular septal defect
(one case).
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2) IlIs-delay group: The IIIs occurred about 38 msec after the peak of the D wave in eight cases
with relative left ventricular volume overload including congestive cardiomyopathy (CCM: three cases)
and ischemic heart disease (IHD: five cases).

3) IlIs-early phase group: The IIIs occurred about 35 msec before the peak of the D wave in a
case with acute MR due to chordal rupture.

2. In the IIIs-peak group, the IIIs coincided in time with the points of inflexion (check points)
of both the IVS and PW during rapid filling phase in three cases with MR of mild to moderate degree
and one case of postoperative ASD.

3. In the IIIs-delay group, the IIIs occurred simultaneously with the either the check point of
the IVS or PW in two cases with CCM and one case with IHD, and it occurred before the check points
of both the IVS and PW in two cases with severe MR of IIIs-peak group and in a case with acute MR
due to chordal rupture of IlIs-early phase group.

4. Cases with the IVs were classified into following 2 groups according to the time relationship
between the IVs and the atrial contraction wave (A wave) of the mitral flow velocity pattern.

1) IVs-peak group: The IVs occurred coincidently with the peak of the A wave in six cases with
left ventricular hypertrophy including hypertrophic cardiomyopathy (five cases) and hypertension (one
case).

2) IVs-delay group: The IVs occurred about 33 msec after the peak of the A wave in five cases
with left ventricular dilatation or dysfunction including old myocardial infarction (two cases), CCM
(one case), postoperative ASD (one case) and aortic regurgitation (one case).

5. There were two types of IVs in time relationship between the IVs and the check points of the
left ventricular wall during atrial contraction phase. One occurred simultaneously with the check points,
and the other after them.

These results suggested that it is difficult to explain the mechanism of the genesis of the IIIs and
IVs only by an acceleration-deceleration theory. Therefore, other etiologies, such as extracardiac origin,
must be postulated.
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Table 1. Study populations

IIIs Healthy subjects

Absolute LV volume overload 13
Mitral regurgitation (MR) 9
Post-op. atrial septal defect (ASD) 3
Ventricular septal defect (VSD) 1

Relative LV volume overload 8
Ischemic heart disease (IHD) 5
Congestive cardiomyopathy (CCM) 3

Subtotal (12) 26

IVs Hypertrophic cardiomyopathy 6
Non-obstructive type (HCM) 4
Obstructive type (HOCM) 2

Ischemic heart disease
Hypertension

Congestive cardiomyopathy
Aortic regurgitation (AR)
Post-op. ASD

L )

Subtotal (6) 11

Total (18) 37

» (): Phono‘-echocardiégrap_hic study
IIIs=third heart sound; IVs=fourth heart sound;
LV=left ventricle.
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Table 2. Classification of patients with IIIs
according to the time relationship
between the IlIs and the rapid filling
wave of the mitral flow velocity pat-
tern.

1. 1IIs: peak group

Healthy subjects 5
Mitral regurgitation (MR (5) 8
Chronic MR due to chordal rupture 3

Prolapsed MR 2
Congenital MR 1
Others 2
Post-op. ASD 3
VSD 1
2. IlIs: delay group
CCM 3)3
IHD 2)5
3. Ills: early phase group
Acute MR due to chordal rupture 1

( ): atrial fibrillation

IIIs=third heart sound; ASD =atrial septal defect;

VSD=ventricular septal defect; CCM=congestive
cardiomyopathy; IHD =ischemic heart disease.
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Fig. 1. Time relationship between the third heart sound (I1Is) and the rapid filling wave
(D wave) of the mitral flow velocity pattern in a 16-year-old healthy adolescent.

The IIls occurs coincidently with the peak of D wave.

SV=sample volume; ECG=lead II electrocardiogram; PCG=phonocardiogram.
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Fig. 2. Time relationship between the third heart sound (I1Is) and the rapid filling wave
(D wave) of the mitral flow velocity pattern in a case of congenital mitral regurgitation
(17-year-old).

The IIIs coincides in timing with the peak of D wave.

Abbreviations are the same as in Fig. 1.
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Fig. 3. Time relationship between the third heart sound (IIIs) and the rapid filling wave
(D wave) of the mitral flow velocity pattern in a case of old myocardial infarction (56-
year-old).

The IIIs occurs about 60 msec later than the peak of D wave. Abbreviations are the same as in
Fig. 1.

Fig. 4. Time relationship between the third heart sound (IIIs) and the rapid filling wave
(D wave) of the mitral flow velocity pattern in a case of acute mitral regurgitation due
to chordal rupture (46-year-old).

The I1Is occurs about 35 msec before the peak of D wave. Abbreviations are the same as in Fig. 1.
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Fig. 5. Echocardiographic isovolumic relaxation time (IIA-D), interval from IIA to the
peak of the rapid filling wave (IIA-Fp) and time from IIA to the third heart sound
(ITIA-IIIs) in three groups.

IIA=aortic component of the second heart sound D=D point of the anterlor mitral valve echo-
gram; CCM=congestive cardiomyopathy; IHD =ischemic heart disease.
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Fig. 6. Time relatmnshxp between the third heart sound (IIIs) and the left ventricular
wall motion in the same patient as in Fig. 1.

The IIIs is synchronous with the check points of both IVS and PW durmg rapid filling phase
(arrows).

PCG=phonocardiogram; IVS=interventricular septum; PW=left ventricular posterior wall.
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Fig. 7. Time relationship between the third heart sound (IIIs) and left ventricular wall
motion in the same patient as in Fig. 3.

The IIIs is corresponded only with the check point of the IVS (large arrows) during rapid filling
phase, but not with the check point of the PW (small arrows). Abbreviations are the same as in Fig. 6.
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Fig. 8. Time relationship between the third heart sound (IIls) and the left ventricular
wall motion in the same patient as in Fig. 4.
The IIIs begins earlier than the check points of both IVS and PW (arrows). Abbreviations are the

same as in Fig. 6.
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Healthy subjects 2 ccM 2
Chordal ruptured MR (chronic) 1 IHD 1

Prolapsed MR 1
MR due to commissurotomy 1
Post-op. ASD 1
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Fig. 9. Schematic illustrations showing the time relationships among the third heart
sound (IIIs), the rapid filling wave (D wave) of the mitral flow velocity pattern (MFV) and
left ventricular wall motion during rapid filling phase.

Panel A: The IIls in healthy adolescents and in patients with absolute left ventricular volume
overload occurs coincidently with both the peak of D wave and the check points of both IVS and PW.

Panel B: The IIls in patients with relative left ventricular volume overload begins after the peak
of D wave and coincidently with the either the check point of the IVS or PW.

Panel C: The IIls in patients with chronic MR having massive regurgitation occurs at the time
of the peak of D wave but before the check points of both the IVS and PW.

Panel D: The Ills in a patient with acute MR due to chordal rupture occurs before the peak of
D wave and the check points of both the IVS and PW.

ITA=aortic component of the second heart sound; IIIs=third heart sound; PCG =phonocardio-
gram; IVS =interventricular septum; PW=Ileft ventricular posterior wall; MR =mitral regurgitation;
ASD =atrial septal defect; CCM=congestive cardiomyopathy; IHD =ischemic heart disease.
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Table 3. Classification of patients with IVs
according to the time relationship
between the IVs and the atrial con-
traction wave of the mitral flow
velocity pattern.

1. IVs: peak group

HCM 3
HOCM
Hypertension 1

PEP/ET=0.29+0.05

2. IVs: delay group

Myocardial infarction (MI) 2
CCM 1
Post-op. ASD 1
AR 1

PEP/ET=0.40+0.08

IVs=fourth heart sound; HCM=hypertrophic
non-obstructive cardiomyopathy; HOCM=hyper-
trophic obstructive cardiomyopathy; CCM=con-
gestive cardiomyopathy; ASD=atrial septal defect;
AR =aortic regurgitation; PEP=left ventricular pre-
ejection period; ET=left ventricular ejection time.
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Fig. 10. Time relationship between the fourth heart sound (IVs) and the atrial contraction
wave (A wave) of the mitral flow velocity pattern.

Panel A (hypertrophic obstructive cardiomyopathy, 34-year-old male): The I'Vs occurs coincidently
with the peak of A wave.

Panel B (old myocardial infarction, 51-year-old male): The IVs occurs about 45 msec after the
peak of A wave.

SV=sample volume.
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IVs-peak group 2 (HOCM 1,HCM 1)
1Vs-delay group 2 (MI) IVs-delay group 1 (post-op. ASD)
Fig. 11. Time relationship between the fourth heart sound (IVs) and left ventricular
wall motion.

Panel A (the same patient as in Fig. 10A): The IVs occurs simultaneously with the check points
of both IVS and PW (arrows) during atrial contraction phase. The IVs in two patients of IVs-peak
group and two of IVs-delay group is explained by this production mode.

Panel B (postoperative ASD, 47-year-old female): The IVs occurs after the check points of both
IVS and PW (arrows). The IVs in a patient with IVs-peak group and one with IVs-delay group is
explained by this production mode.

HOCM =hypertrophic obstructive cardiomyopathy; HCM =hypertrophic non-obstructive cardio-
myopathy; MI=myocardial infarction; ASD =atrial septal defect.
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