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Summary

Dual echocardiogram was recorded simultaneously with phonocardiogram (PCG) to analyze the
isovolumic relaxation time (IRT) of the left ventricle (LV) in 85 patients with various heart diseases
and in 23 normal subjects. The measurements used were time intervals from the onset of the aortic
component of the second heart sound (IIA) to the onset of the posterior deflection of the posterior
aortic wall in the aortic root echocardiogram (X) (IIA-X interval), and to the onset of the most rapid
opening motion of the anterior mitral leaflet (D’) (IA-D’ interval) during early diastole.

1. The ITA-X interval was directly proportional to the IIA-D’ interval in the entire study popula-
tion.

2. The ITA-X interval was prolonged with advancing age in normal subjects.

3. The IIA-X interval was significantly increased in patients with hypertensive heart disease, old
myocardial infarction, hypertrophic cardiomyopathy, and dilated cardiomyopathy, but significantly
decreased in patients with mitral stenosis.

Thus, the ITA-X interval, which was measured easily and noninvasively from the aortic root echo-
cardiogram is a reliable indicator of the isovolumic relaxation time of the left ventricle, as well as of
the IIA-D’ interval.
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Table 1. Study population

Group n Age (years)

Normal subjects 23 35+15

=30 years old 12 47+18

<30 years old 11 21+5
Hypertension 16 49+15
Angina pectoris 10 53+6
Old myocardial infarction 15 53+8
Hypertrophic cardiomyopathy 13 50+13
Dilated cardiomyopathy 9 53+14
Mitral stenosis 13 51+15
Aortic regurgitation 9 55+14

Values are means=+SD.
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Fig. 1. Representative two-dimensional and dual echocardiograms demonstrating the
method of measuring ITA-X and IIA-D’ intervals.

Two white lines in the two-dimensional echocardiogram indicate the directions of the ultrasonic
beams for recording dual echograms of the aortic (A) and mitral (M) valves. Right panel shows the
method of measurement.

PCG =phonocardiogram; ECG =electrocardiogram; D’=the onset of the most rapid opening mo-
tion of the anterior mitral leaflet; X =the onset of posterior deflection of the posterior aortic wall.
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Fig. 2. Relationship between IIA-X and IIA-D’ intervals in entire study population.
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Fig. 3. Correlation between IIA-X interval and age in normal subjects.
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Fig. 4. IIA-X intervals in normal subjects (N) and patients with hypertensive heart disease
(HT), angina pectoris (AP), old myocardial infarction (MI), hypertrophic cardiomyopathy
(HCM), congestive cardiomyopathy (CCM), mitral stenosis (MS), and aortic regurgita-

tion (AR).

*p<0.05 vs normal subjects aged over 30; **p<0.01 vs normal subjects aged over 30.
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Fig. 5. Pressure events in the aorta, left ven-
tricle, and left atrium during the isovolumic re-
laxation phase and exponential fitting of left
ventricular pressure decay.

AoP=aortic pressure; LVP=left ventricular pres-
sure; LAP=left atrial pressure; P,=aortic closing
pressure; P,=left ventricular pressure at the intersec-
tion of LVP and LAP; t=isovolumic relaxation time;
T =time constant.
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