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Summary

Fourteen patients with congestive cardiomyopathy (CCM) were studied by phono-, apex- and
echocardiography to evaluate characteristics of the diastolic left ventricular filling phenomenon.

The results obtained were as follows:

1) The patients were classified into 3 groups according to the contour of a rapid filling wave
(RFW) in the apexcardiogram (ACG).

a) Type M (9 cases): RFW showed a monophasic or non-overshot pattern. One of these cases,
who indicated a biphasic slow filling wave after RFW, was discriminated as type M’ from this group.

b) Type B (2 cases): RFW showed a biphasic pattern produced by the first rapid filling wave
(RF1) and second rapid filling wave (RF2).

¢) Type R (3 cases): RFW showed an overshot pattern followed by a large rebound wave.

2) Nine patients with type M had a small and delayed third heart sound (mean ITA-III interval
=210 msec). ACG showed prolonged IIA-O interval (mean value=148 msec) and a tiny RFW. The
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mitral valve echogram indicated a normal or slightly reduced E-F slope (mean value=92 mm/sec),
high F point and no mid-diastolic wave.

3) Two patients with type B had a very loud third heart sound of long duration. The ITA-III
interval was markedly short (mean value=113 msec). The ACG showed short IIA-O and O-RF intervals
(mean value=83 msec and 33 msec, respectively). The E-F slope of the mitral valve echogram indicated
a “spike and dome ” pattern. Both low F point and mid-diastolic wave were also observed.

4) Three patients with type R had a third heart sound of moderate size and of ordinary appearance
(mean ITA-III interval =155 msec). Two of the three patients had the fifth heart sound coincident with
the end of a rebound wave in ACG. The ACG showed normal IIA-O and O-RF intervals (mean value
=98 msec and 57 msec, respectively). The mitral valve echogram indicated a markedly increased E-F
slope (mean value=164 mm/sec), low F point and mid-diastolic wave.

5) The intensity of a mitral regurgitant murmur in patients with type B was slightly louder than
that with other two types. However, there was no significant difference in the height of a left ventri-
cular end-diastolic pressure and v wave of pulmonary capillary wedge pressure among 3 groups.

6) The left ventricular wall in patients with type M was significantly hypertrophied compared
with that of other two types. However, there was no significant difference in echocardiographic left
ventricular dimension among 3 groups.

7) All 5 patients with both type B and R died of congestive heart failure within two years after
the final diagnosis. In contrast, only one patient with type M died during 2 to 6 years’ follow-up period.

These results suggested that left ventricular rapid filling phenomenon in CCM might be influenced
by the characteristics of left ventricular relaxation in early diastole rather than those of left ventricular
filling pressure, and that REW of the ACG and/or E-F slope of the mitral valve echogram well reflect
hemodynamic events of left ventricular rapid filling phase.

Key words
Congestive cardiomyopathy Left ventricular filling phenomenon Apexcardiogram Phonocardio-
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Fig. 1. Apexcardiograms (ACG) of three different types of left ventricular rapid filling
(RF) pattern in patients with congestive cardiomyopathy.

Left panel shows ACG with 2 monophasic or non-overshot RF wave (type M), middle panel ACG
with a biphasic RF wave (type B) and right panel ACG with an overshot RF wave followed by a large
rebound wave (type R).

RF1=first rapid filling wave; RF2=second rapid filling wave.

Table 1. Subjects

Age Sex Rhythm Relative MR

CcCM No. yrs. (mean) M F SR Af (+) (=)
Type M 8 31-58(47.5) 4 4 8 0 6 2
Type B 2 31-36(33.5) 2 0 2 0 2 0
Type R 3 16-38(25.7) 3 0 3 0 2 1
Type M’ 1 61 1 0 0 1 1 0
Total 14 16-61(41.8) 10 4 13 1 11 3

CCM =congestive cardiomyopathy; M=male;
MR =mitral regurgitation.
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Fig. 2. Phonocardiogram (PCG), apexcardiogram (ACG) and mitral valve echocardio-
gram in a patient with congestive cardiomyopathy of type M (51-year-old female).

Apical PCG shows a faint holosystolic murmur (Levine 1/6), a small delayed third heart sound
and a fourth heart sound. A prolonged ITA-O interval (150 msec), a small rapid filling wave and a
large A wave are observed in the ACG. The mitral valve echogram shows a decreased E-F slope
(63 mm/sec), a high F point and no mid-diastolic wave.

III=third heart sound; IV=fourth heart sound.
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Fig. 3. Phonocardiogram (PCG), apexcardiogram (ACG) and mitral valve echocardiogram
in a patient with congestive cardiomyopathy of type B (31-year-old male).

Apical PCG shows a high-pitched holosystolic murmur (Levine 2/6), a third heart sound followed
by a mid-diastolic rumble, and no fourth heart sound. This loud third heart sound occurs shortly
after the second heart sound (ITA-III interval=110 msec). Shortened IIA-O and O-RF intervals
(80 msec and 35 msec, respectively), and biphasic RF wave (RF1 and RF2) are observed in the ACG.
““ spike and dome ™ pattern during left ventricular rapid filling
phase, low F point, mid-diastolic wave and B-B’ step formation.

III=third heart sound; RF1=first rapid filling wave; RF2=second rapid filling wave.

The mitral valve echogram shows
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Fig. 4. Phonocardiogram (PCG), apexcardiogram (ACG) and mitral valve echocardio-
gram in a patient with congestive cardiomyopathy of type R (16-year-old male).

Apical PCG shows a high-pitched holosystolic murmur (Levine 2/6), moderate-sized third heart
sound followed by a mid-diastolic rumble and faint mid-diastolic vibration (fifth heart sound). Normal
IIA-O and O-RF intervals (90 msec and 60 msec, respectively), overshot RF wave followed by a
prominent rebound wave and a large A wave are observed in the ACG. The mitral valve echogram
shows a narrow early-diastolic wave, markedly increased E-F slope (204 mm/sec), low F point

and diastolic coarse fluttering.

III=third heart sound; V=fifth heart sound.
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Fig. 5. Phonocardiogram (PCG) and apexcardiogram (ACG) in a patient with congestive
cardiomyopathy of type M’ (61-year-old male).

Apical PCG shows a high-pitched holosystolic murmur (Levine 1/6) and atypical mid-diastolic
rumble which appears about 150 msec after the third heart sound. In ACG, a monophasic small
RF wave followed by a biphasic slow filling wave (SF1 and SF2) is observed.

III=third heart sound.
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Table 2. Summary of phonocardiographic findings
58] Duration Diastolic .
No. H‘I(g/s;/cl)m of III 1t v rumble Relative MR
(msec) (+) (=) (+) (=)
Type M 8 217.3 97.5 0.39 0.44 0 8 6 2
(24.6) (8.9) (0.16) (0.29)
Type B 2 118.0 145.0 2.13 0.09 2 0 2 0
Type R 3 163.7 106.7 0.68 0.20 1 2 2
Type M’ 1 153.0 130.0 0.47 — 1 0 1 0

I=first heart sound; II=second heart sound ;

mitral regurgitation; ( )= =1 standard deviation.

III=third heart sound;

IV=fourth heart sound; MR=

111/ { ratio H-1//RR duration of 111 ® MR(+)
msec msec o MR(-)
2.51 o 26001 o 1601 *Type M'
L
2.0 . 8 °
200+ e *
o 120 ]
. o e
1.01 8800 «©
L]
! 100 80 .
M B R M R M B R

Fig. 6. Intensity, onset and duration of the third heart sound in patients with congestive

cardiomyopathy.

T'wo patients with type B have significantly loud third heart sounds with the earliest onset and the
longest duration compared with the other two types. In contrast, third heart sounds of 8 patients
with type M are small in intensity and appear in relatively late in diastole.

M=type M; B=type B; R=type R; MR =mitral regurgitation; I=first heart sound; II=second

heart sound; III=third heart sound.
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Fig. 7. Various parameters of apexcardiographic measurements in three types of con-

gestive cardiomyopathy.

Both ITIA-O and O-RF intervals are shortened in patients with type B but almost normal in patients
with type R. IIA-O intervals of type M are significantly prolonged. Amplitude of A wave in type
R is slightly higher than that of type M and B. Amplitude of RF wave in type M is significantly small

compared with that of type B and R.

A/H=ratio of A wave amplitude to total apexcardiographic deflection; RF/H=ratio of RF wave
amplitude to total apexcardiographic deflection; MR=mitral regurgitation; M=type M; B=type

B; R=type R.
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Table 3. Summary of echocardiographic findings
Mitral valve LVWT
No. LVDd LVDs
" DDR  pp AJE MDW BB step IVST PWT X  (mm) (mm)
(mm/sec) (+) (=) (+) (=) (mm) (mm) (mm)
Type M 8 94.2 0.44 0.73 0 8 7 1 7.3 9.9 17.2 71.2 63.5
(26.0) (0.18)  (0.07) (1.6) (1.4) (2.0) (3.4) (2.1)
Type B 2 116.6 0.28 0.56 2 0 1 1 5.9 7.0 12.8 74.5 62.0
Type R 3 163.4 0.27 0.71 3 3 0 6.2 7.0 13.2 69.7 63.8
Type M’ 1 113.1 0.37 — 0 —_ - 8.2 10.3 18.5 76.0 66.5

DDR=diastolic descent rate ;
C-A to C-E; MDW=mid-diastolic wave ;
septal thickness ;
end-diastolic dimension ;

F/E=ratio of the excursion of C-F to C-E;
LVWT =left ventricular wall thickness ;
PWT =left ventricular posterior wall thickness ;
LVDs=left ventricular end-systolic dimension ;

A/E=ratio of the excursion of
IVST =interventricular
3:=IVST+PWT; LVDd=left ventricular
( )==1 standard deviation.
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Fig. 8. Various parameters of echocardiographic measurements in three types of con-

gestive cardiomyopathy.

Left panel: Diastolic descent rate (DDR) is markedly increased in type R, normal or increased in

type B and normal or decreased in type M.

Middle panel: Amplitude of F point (F/E) in type M is higher than that of type B and R,

indicating a low F point.

Right panel: Amplitude of A wave (A/E) in type B is slightly small compared with that of type

M and R.

MR =mitral regurgitation; M=type M; B=type B; R=type R.
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Fig. 9. Degree of mitral regurgitation (MR), left ventricular end-diastolic pressure (LVEDP)
and v wave in the pulmonary capillary wedge (PCW) pressure in three types of congestive

cardiomyopathy.

The intensity of MR murmur in type B is slightly louder than that of the other two types. There
is no significant difference in LVEDP or in v wave pressure of PCW among three types.

M=type M; B=type B; R=type R.
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