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Abstract

The cause of the “presystolic murmur” in mitral stenosis was investigated by phonocardiography and
continuous wave Doppler echocardiography in 31 patients with mitral stenosis and sinus rhythm classified
into two groups : 18 patients with and 13 without “presystolic murmur”.

1. The “presystolic murmur” group demonstrated high frequency vibrations preceding the first heart
sound coinciding with the initial low frequency component of the first heart sound recorded at the apex in
both groups.

2. There were two types of “presystolic murmur” : The first type observed in three of the 18 patients
occurred during the accelerated phase of the atrial (A) wave of mitral inflow signals and lasted until the
first heart sound. The A wave velocity in mitral inflow signals was high at the onset and peak, and rapidly
decreased after the peak. The second type observed in 15 patients occurred during the decelerated phase of
the A wave and lasted until the first heart sound. The A wave velocity in mitral inflow signals was low at
the onset, but high at the peak and rapidly decreased after the peak.

3. The mitral orifice area tended to be smaller in all patients with “presystolic murmur”. The peak
flow velocity, deceleration rate of the A wave, and maximal pressure gradient across the mitral valve
during atrial contraction were significantly increased in all patients with “presystolic murmur”.

4. Five patients with newly developed “presystolic murmur” after amy! nitrite inhalation had an in-
creased initial low frequency component of the first heart sound coinciding with the latter half of
“presystolic murmur”. The rate of increase in the peak flow velocity and the deceleration rate of the A
wave were significantly larger and the maximal atrioventricular pressure gradient during atrial contraction
tended to be larger in these five patients than those in five who did not develop “presystolic murmur”.

5. The peak flow velocity, deceleration rate of the A wave and the maximal atrioventricular pressure
gradient during atrial contraction had increased 1 year later compared with those immediately after
cardioversion of atrial fibrillation, and newly developed “presystolic murmur” appeared according to the
recovery of left atrial mechanical function.

These results suggest that the latter half of “presystolic murmur” originates from augmentation and
prolongation of the initial low frequency component of the first heart sound up to the audible range caused
by the sudden deceleration of mitral inflow velocity due to left ventricular contraction, and that the early
half of “presystolic murmur” is the atriosystolic murmur produced by the increase in mitral inflow
velocity during atrial contraction.
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Fig. 1 Measurement methods for the mitral inflow velocity variables
and the temporal relationships between the P wave (P) of the
electrocardiogram (ECG), the presystolic murmur (PM) of the
phonocardiogram (PCG) and the atrial systolic wave of mitral
inflow velocity recording (MVF) obtained from continuous
wave Doppler echocardiography

The peak flow velocity (V-E) of the early diastolic wave (E),
the flow velocity at the onset (V-A onset), and the peak (V-A
peak) of the atrial systolic wave (A), and the acceleration and
deceleration ratios (ACR, DCR) of the A wave were measured
from the mitral inflow velocity recording. For beats with simi-
lar heart rate, the intervals from the ECG P wave to the onset
and the peak of the A wave (P-A onset, P-A peak), to the onset
of the PM (P-PM onset ), and to the mitral component of the
first heart sound (P-IM) were measured on the phono-
cardiogram.

QRS=QRS wave of the electrocardiogram; IIs=aortic com-
ponent of the second heart sound; OS =mitral opening snap
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Fig.2 Comparison of the initial low frequency component of the first heart sound and PM

Only the initial component of the first heart sound (white arrow) was observed in A, but both PM and the initial low
frequency component of the first heart sound (white arrow) were recorded in B.
Mi, M2, H=medium low, medium high, and high frequency phonocardiograms at the apex, respectively. Other

abbreviations as in Fig. 1.
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~— Fig. 3 Temporal relationship between
7 PM and the atrial systolic wave of the
% mitral inflow velocity recording in the
" two types of PM

~ PM in A occurred during the accelerat-
ing phase of the atrial systolic wave (A)
of mitral inflow signals and lasted until
the first heart sound. PM in B occurred
during the decelerating phase of the
atrial systolic wave and lasted until the
first heart sound.

L=Ilow frequency phonocardiogram at
the apex. Other abbreviations as in Figs.
12
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Pts. | P A onset A peak [M Velocity of Mean
No. ] Aonsat (m/sec) | 5D/ Sec
1 | 166 [ .
2 | 134 14022
3 1 1.24
4 | 0.86
5 | 0.96
6 | o83 | ..
7 I 0.86 +0.21
8 | 0.52
9 | 0.39
10 | 0.67
11 | 0.34
12 | 0.86
13 | 0.59
14 | 0.62 0.72
15 | | 1.07 +0.27
16 | | 0.59
17 | | 1.12
18 N | 0.55
B8 Presystolic murmur
Fig.4 Temporal relationships between PM and the atrial systolic

wave of the mitral inflow velocity recording in patients with
PM

The timings of the Doppler parameters and the onset of PM are
expressed as the ratio to the P-IM interval. PM started before
the peak of the atrial systolic wave of mitral inflow signal in
three patients (patient 1 to 3), at the peak in seven patients (pa-
tient 4 to 10) and after the peak in eight patients (patient 11 to
18). The three patients (patient 1 to 3), in whom PM appeared
before the peak of the atrial systolic wave, had severe mitral
stenosis and their mitral inflow velocities at the onset of atrial
systole were markedly faster than those of the other 15 patients.
Abbreviations as in Fig. 1.
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Comparison of two-dimensional and Doppler echocardiographic variables between the patient groups with and without PM

Patient group

MVA
(cm?)

FS
(%)

V-A onset
(m/sec)

V-A peak
(m/sec)

V-E
(m/sec)

PG-A onset
(mmHg)

PG-A peak
(mmHg)

ACR
(cm/sec?)

DCR
(cm/sec?)

1.41£0.39 35.2%6.5 0.84+035 1.64+0.27* 1.66+0.29 3.33%+2.76 11.04+3.76** 535.0%173.9 1,120.7£281.4*
2.01£0.54 38.6+9.4 0.56%+0.23 1.30+0.30 1.32%023 146*+120 7.05+3.23 429.4+149.1 805.0%£195.0

PM+ (n=15)
PM— (n=13)

Values are mean=SD. *p<<0.05, **p<<0.01

MVA =area of the mitral valve orifice; FS=fractional shortening of the left ventricle; V-A onset, V-A peak =mitral inflow velocity at the onset
and the peak of the atrial systolic wave, respectively; V-E=peak mitral inflow velocity during early diastole; PG-A onset, PG-A peak = pressure
gradient between left atrium and left ventricle at the onset and the peak of the atrial systolic wave, respectively; ACR, DCR=acceleration and
deceleration rates of the atrial systolic wave of mitral inflow velocity recording, respectively; »=number of patients
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Fig. 5 Representative recordings
of mitral inflow velocity signals
(upper), apical phonocardiograms,
and apexcardiograms (lower) in pa-
tients with the two types of PM

In a severe case (patient 2), the
atrial systolic wave of the mitral in-
flow signal showed a high velocity
at the onset (1.34 m/sec) and the
peak (1.83 m/sec), and a rapid de-
celeration (985 cm/sec?) after the
peak (A—upper). PM started before
the QRS onset of the electrocardio-

gram and lasted until the first heart

sound (A-lower).
In a mild case (patient 11), the atrial

systolic wave of mitral inflow sig-

nal had a low velocity (0.34 m/sec)
at the onset, but a high velocity
(1.51 m/sec) at the peak, and rapid

deceleration (985 cm/sec?) after the
peak (B—upper). PM started after

the QRS onset of the electrocardio-

gram and lasted until the first heart

sound (B-lower).

ACG=apexcardiogram; A=

atrial systolic wave on the

apexcardiogram; C=onset of

contraction on the apexcardio-

gram. Other abbreviations as in

Fig. 2.
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Table 2 Comparison of the rate of changes in heart rate and Doppler echocardiographic variables after the inhalation of
amyl nitrite (AN) between the patient groups with and without the appearance of PM

Patient group before AN after AN Rate of change
HR(bpm) 65.2+6.5 81.8+6.7 1.26+0.10
V-A onset (m/sec) 0.66+0.30 1.32+0.50 2.09+0.45
V-A peak (m/sec) 1.441+0.33 2.00£0.35 1.33+0.07*
Group with appearance ACR(cm/sec?) 602.61+301.3 660.4+236.8 1.04£0.38
of PM (n=5) DCR(cm/sec?) 858.0+170.8 1,300.01+243.8 1.42+0.24*
PG-A onset (mmHg) 2.04+1.77 7.80£5.73 4.60+1.91
PG-A peak (mmHg) 8.58+3.79 16.40+6.16 2.08+0.80
HR (bpm) 61.8+12.0 72.8£15.3 1.19+0.14
V-A onset (m/sec) 0.451+0.18 0.69+0.39 1.56+0.19
V-A peak (m/sec) 1.13£0.33 1.28+0.41 1.13%0.11
Group without appearance ACR (cm/sec?) 544.5+112.8 472.8+110.9 0.87+0.12
of PM (n=5) DCR (cm/sec?) 811.0£190.4 850.8+176.6 1.06£0.07
PG-A onset (mmHg) 0.921+0.59 2.38+2.48 2.39+0.75
PG-A peak (mmHg) 5.16+2.84 7.00+£4.53 1.29+0.24

Values are mean+SD. *p<0.05 vs the group without the appearance of PM

HR =heart rate. Other abbreviations as in Table 1.
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Fig. 6 Representative recordings of

mitral inflow velocity signals (upper)
and apical phonocardiogram (lower)
before A and after B the inhalation of

amy] nitrite

PM increased coinciding with the ini-

tial low frequency component of the

first heart sound (white arrow) and the

increase in peak velocity and decelera-
tion rate of the atrial systolic wave of
mitral inflow signal after the inhalation
of amyl nitrite.

Abbreviations as in Fig. 2.
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Fig.7 Mitral inflow velocity record-

ings (upper) and apical phono-
cardiograms (lower) in a patient with a

. newly developed PM after cardiover-

sion of atrial fibrillation

Both the peak flow velocity and decel-

eration rate of the atrial systolic wave

were increased 1 year later B com-

pared with immediately after A

—7, LEIGEEESORBERFICEL T, #
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SL=FF 52, Tobb T IIMEE)DH 5
—EDHEIE LA OB L, FORMEEE
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cardioversion with a concomitant ap-
pearance of PM.

Abbreviations as in Fig. 2.
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