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Summary

To clarify the mechanism of the reduced intensity of the mitral component of the first heart sound
(Im) in complete left bundle branch block (LBBB), electrocardiograms, phonocardiograms, apex-
cardiograms and mitral valve echograms of 12 patients with LBBB (LBBB group) and 13 normal
subjects (normal group) were simultaneously recorded. The first derivative of the apexcardiogram was
also studied. One of the 12 patients had an intermittent LBBB.

There was no significant difference in the P-Q interval between the two groups.

The following results were obtained:

1. In the LBBB group;

1) 'The intensity of the IM, expressed as a ratio of the amplitude of the IM to that of the aortic
component of the second heart sound (IIa) on the apical phonocardiograms, was significantly reduced
except in one patient who had a relatively short P-Q interval.

2) The timings of the onset of the upstroke of the apexcardiogram and mitral valve closure were
significantly and equally delayed.

3) The amplitude of the mitral valve echogram at the onset of the upstroke of the apexcardio-
gram (end-diastolic amplitude of the mitral valve) was significantly decreased. The closing velocity of
the mitral valve was also decreased.
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4) The amplitude ratio (H2/H1) and the rate of rise (A) of the apexcardiogram at the onset of

the IM were significantly decreased.

2. 'The intensity of the Im, H2/H1 and A of the apexcardiogram at the onset of the IM were com-
pared for three cases with nearly equal end-diastolic mitral valve amplitudes in each group. The in-
tensity of the IM was apparently reduced in the LBBB group, compared with that of the normal group,
and its intensity correlated inversely with H2/H1 and A.

These results indicate that the reduced intensity of the IM in LBBB is caused mainly by the
decreased amplitude of the mitral valve excursion at the onset of left ventricular contraction. An addi-
tional cause is the decreased tension on the closed mitral valve resulting from the slow rate of left ven-

tricular pressure rise at the onset of the Im.
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Table 1. Number, ages and P-Q intervals of
subjects

Age (years) P-Q interval (msec)

i

Group n

Mean Range Mean+SE Range

CLBBB 12 57.3 41-73
Normal 13 47.5 25-66

156.9+3.1 140-170
154.6+3.7 140-190

CLBBB=complete left bundle branch block; n=
number of cases; SE=standard error.
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Fig. 1. Phonocardiographic evaluation of the intensity of the mitral component (M)

of the first heart sound (I).

The intensity of the Im is determined as a ratio of the amplitude of the Im to that of the aortic
component of the second heart sound (IIa) on the apical phonocardiograms recorded by the M1

filter.

T =tricuspid component of the first heart sound. Filter characteristics of PCG: L=0-50, M1=

50-100, M2=100-200, H=200-400 (Hz)
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Fig. 2. Echocardiographic distinction between
the mitral component (IM) and the tricuspid
component (IT) of the first heart sound.

IM and IT coincide with the closures of the mitral
(Mc) and tricuspid (Tc) valves, respectively.

ECG =electrocardiogram; PCG =phonocardio-
gram; MV=mitral valve echogram; TV=tricuspid
valve echogram.

LLT, ko Im FAEROLRBBRERELE
L, &6 KRR LRBEHKOLER
HE %, DRHBHRO—KMAMEOR S 2 BEHR
DIRETClRT 5z L ick vkwic (Fig. 4. zo
BoLREBEoEICE, REREY 277y 7
37 7 FETFH TY-303, #iEsE L LT3AERKE
fr FsgiEs: UA-211 (BEsk 2.08) 2w, —
KBS DRI I ES 10msec » RC [EIRK
RV

57 1

1. 1 ZE|sms (m) ozg (Fig. 5)

Im o3& (IM/11a) FEFE 1.3+02 i2kkL,
EWT ey 78z 05+01 LHERBHEET
L7 (p<0.01). LaL%idn, P-Q MEH 135
msec LEEHEAE RLE1fTR, Im oFE
i 143, EREBLRBRETH -7 (RH).

2. aimaoeE (Fig. 6)

Q-Ca Wiz, FEHERE 31.5+1.7msec ITHL,
EMT ey 78Tk 43427 msec LHEERE
E#®F Lk (p<0.01). Q-Cu Bfi3, EEHRE 51.7
+39msec it L, EM7 vy 7 BT 693+
39msec LFERERZT LR (p<0.01).

3. fERKEEIEMREES SV BBEFMBEEE
(Fig. 7)

RIS FIRIE (EDA) IER R 8407
mm kL, Ef7 ey 7#TE 39+09mm
LEBERBAETR LR (p<0.01). fEiEFHASE
EE (B to C slope) ZIE##E 255.9+21.6 mm/sec
L, EH T e v 7 BT 179.3+23.9 mm/sec
LEERBY &R LI (p<0.05).

Im AIEHR#E & RIBRE TH -7 4l (KA TE,
PEAE R HIRGIE SRR 3 X OVMIEFPAS R &, W
FhLEFEHOFHEIGEVERZT L.

4. DRARBR & &V FO—RESEH DD EHRIE
(Fig. 8)

Im AR OLREBIRESE K (H2/HD) 3, E
e 125+23% kL, Efi7ey s BT
39+09% LEERBVERLE (p<0.01).

— 966 —



TEEMT v v 712817 5 1 EHEBRRIBBOBTF

H2/H1=13. 0% -

EDA Ny ~EDA=7.1mm _

A
P B Lo - DT s
SR S LY -2 e -
e e = QCA s

-

—- = Q-C

) =
yo =
T .

\'\
A . N
~ e

Fig. 3. Measurement methods of various parameters related to the production of the
mitral component of the first heart sound (Im).

ECG=electrocardiogram; PCG=apical phonocardiogram; ACG =apexcardiogram; MYV =mitral
valve echogram; Ca=onset of left ventricular contraction on the apexcardiogram; Cu=mitral valve
closure on the echocardiogram; H1, H2=total systolic deflection and the height from Ca to the point
at the onset of mitral valve closure on the apexcardiogram, respectively; EDA =amplitude of mitral

valve excursion during Ca-Cu interval.
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Fig. 4. Mechanocardiographic evaluation of the rate of rise (A) of the apexcardiogram
(ACG) at the onset of the mitral component (M) of the first heart sound (I).
dA/dt=first derivative of the ACG; A=height of the first derivative of ACG at the onset of Im;

C=calibration factor.
Other abbreviations are as in Figs. 1 and 2.
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Fig. 5. Intensity of the mitral component of
the first heart sound (Im) in the left bundle
branch block (LBB) and normal (Nor) groups.
Intensity of IM is significantly diminished in the
LBB group except one patient with a relatively short
P-Q interval (arrow) compared with that of the normal

group.
I1Ia=aortic component of the second heart sound;
SE=standard error.
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Fig. 6. Interval from the onset of QRS complex
(Q) to the onset of left ventricular contraction
(Ca) and that from Q to the phase of mitral valve
closure (Cu) in the left bundle branch block
(LBB) and normal (Nor) groups.

Both intervals are significantly prolonged in the
LBB group compared with those of the normal group.
However, there is no significant difference in the in-
terval from Ca to Cu between the two groups.

Arrow indicates a patient with a relatively short
P-Q interval.
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Fig. 7. End-diastolic amplitude (EDA) and clos-
ing velocity (B to C slope) of the mitral valve
echogram in the left bundle branch block (LBB)
and normal (Nor) groups.

Both parameters are significantly decreased in the
LBB group compared with those of the normal
group.

Arrow indicates a patient with a relatively short
P-Q interval.
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Fig. 8. Amplitude ratio (H2/H1) and the rate of
rise (A) of the apexcardiogram at the onset of the
mitral component of the first heart sound in
left bundle branch block (LBB) group.

Both parameters, obtained from the methods as
shown in Figs. 3 and 4, are significantly decreased in
the LBB group compared with those of the normal
group.

Arrow indicates a patient with a relatively short
P-Q interval.

Abbreviations are as in Figs. 3 and 4.
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Fig. 9. Comparisons of the intensity of the mitral component of the first heart sound
(Im/I1a), the amplitude ratio (H2/H1) and rate of rise (A) of the apexcardiogram at the onset
of IM between the left bundle branch block (LBB) and normal (Nor) groups.
Each group has three cases with nearly equal end-diastolic amplitude (EDA) of the mitral valve.
In the left bundle branch block (LBB) group, the intensity of Im is apparently reduced compared
with that of the normal group, and its grade correlates well with the grade of decrease of the

H2/H1 and A.
Abbreviations are as in Fig. 5.

Table 2. Echo- and apexcardiographic data in
a patient with intermittent left bundle
branch block

Normal CLBBB
P-Q (msec) 155 155
Im/I1a 0.93 0.25
ICT (msec) 55 80
Q-Ca (msec) 74 81
Q-Cu (msec) 31 43
B to C slope (mm/sec) 148 84
EDA (mm) 6.2 3.4
H2/H1 (%) 27 7.5

Normal=normal conduction; CLBBB=complete
left bundle branch block ; IIa=aortic component of the
second heart sound; ICT =isovolumic contraction
time; B to C slope=closing velocity of the mitral
valve. Other abbreviations are as in Fig. 3.
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Fig. 10. Changes in intensity of the mitral component of the first heart sound (Im) in a
case with intermittent left bundle branch block (LBB).

A: The intensity of the apical first heart sound is apparently decreased at the phase of LBB
compared with that of the normal conduction.

B: Note that the decreased intensity of Im at the phase of LBB is responsible for the softening
of the apical first heart sound.

Nor=normal conduction; IT=tricuspid component of the first heart sound.
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Fig. 11. Simultaneous recordings of electrocardiogram (ECG), apical phonocardiogram
(PCG), apexcardiogram (ACG), mitral valve (MV) echogram of the same patient as in
Fig. 10.

During the phase of left bundle branch block (panel B) in comparison with that of normal con-
duction (panel A), end-diastolic amplitude (EDA) of MV echogram, the closing velocity, the rate of
the rise of the ACG, and the amplitude ratio (H2/H1) at the onset of the mitral component of the first
heart sound (Im) are all dereased.

Ca=onset of left ventricular contraction on ACG; Cu=mitral valve closure on echogram.

—973 —



=i, *EEH’ fﬁ]’ﬁy [

A

Nor.
ECG
J/ :
CaC
ACG AU
EDA
My I

LBB.

ECG

ED

C
mv A
!

_

Fig. 12. Schematic representation of the time relation between the upstroke of apexcar-
diogram (ACG) and the closure of mitral valve (MV) in normal conduction (Nor, panel A)
and in complete left bundle branch block (LBB, panel B).

MV amplitude (EDA) at the onset of left ventricular contraction on the ACG (Ca) as well as the
ACG amplitude (H2) at the time of the MV closure (Cu) are decreased in the cycle of LBB compared

with that of normal conduction.
Abbreviations are as in Fig. 3.
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