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Summary
There is no noninvasive index to assess the left ventricular relaxation property during the iso-

volumic relaxation period except for the isovolumic relaxation time, which is derived from M-mode
echocardiography or phonocardiography. The intracardiac blood flow can now be precisely observed
using pulsed Doppler echocardiography. We evaluated the left ventricular relaxation property and
studied the effect of age on the relaxation property using this method.

Cardiac catheterization and pulsed Doppler echocardiography were performed for 27 patients with
various heart diseases, none of whom had wall motion abnormalities on left ventriculography, to de-
termine the relationships between invasive and noninvasive parameters. The effects of age were ex-
amined in 25 normal healthy persons ranging in age from 26 to 69 years. In all cases, the intracardiac
blood flow during the isovolumic relaxation period (isovolumic relaxation flow) as obtained by pulsed
Doppler echocardiography was laminar, and directed from the base toward the apex of the left ven-
tricle. The duration of this flow (the time interval from the beginning to the end of this flow; IRT),
the acceleration time (the time interval from the beginning to the peak velocity; ACT) and the accelera-
tion rate (the slope of the beginning to the peak velocity; AcR) were measured, and IRT, In AcT
(natural logarithm of AcT) and In AcR (natural logarithm of AcR) were compared with the parameters
obtained by cardiac catheterization. )

The time constant T of the fall in left ventricular pressure during the isovolumic relaxation period,
which was proposed as an index of the left ventricular relaxation property, correlated well with IRT
(r=0.82, p<0.001), In AcT (r=0.69, p<0.001) and In AcR (r=—-0.77, p<0.001), but there were no
significant correlations with maximum blood pressure, left ventricular ejection fraction, maximal posi-
tive dp/dt or the left ventricular end-diastolic volume index. Age and these three Doppler indexes in
normal healthy persons correlated significantly as follows; IRT (r=0.80, p<0.001), In AcT (r=0.60,
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p<0.001) and In AcR (r=-0.61, p<0.01).

In conclusion, the indexes obtained from isovolumic relaxation flow dynamics by pulsed Doppler
echocardiography were found useful for assessing the left ventricular relaxation property noninvasively
and quantitatively. The left ventricular relaxation property as assessed by this method showed a de-

crease with age in normal healthy persons.
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Fig. 1. Doppler signals centrally the left ventricle (right) and the schematic illustration of
the measurements of isovolumic relaxation flow (left).

The arrow indicates the isovolumic relaxation flow.
ECG =electrocardiogram; PCG =phonocardiogram;

Abbreviations: DOPPL =Doppler signals;

UCG=ultrasound cardiogram (echocardiogram); SV =sample volume; IRT =isovolumic relaxation
time; AcT =acceleration time; AcR=acceleration rate; peak IRF=peak velocity of the isovolumic re-

laxation flow.
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Table 1. Correlation coefficients between the
indexes measured by pulsed Doppler
echocardiogram and the parameters
obtained by cardiac catheterization

IRT InAcT InAcR
R-R interval 0.59* 0.28 —0.38
Peak P 0.04 0.23 0.01
EDP 0.67** 0.58* —0.63*
EDVI 0.17 0.21 —0.15
EF 0.24 0.17 —0.07
+dp/dt —0.13 —0.01 0.14
—dp/dt 0.00 —0.10 0.18
T 0.82** 0.69**  —0.77**

Abbreviations: IRT=isovolumic relaxation time
derived from isovolumic relaxation flow; InAcT=
natural logarithm of acceleration time of isovolumic
relaxation flow; InAcR =natural logarithm of accelera-
tion rate of isovolumic relaxation flow; peak P=maxi-
mal blood pressure; EDP=end-diastolic pressure;
EDVI=end-diastolic volume index; EF=ejection
fraction; +dp/dt=maximal rate of rise of left ven-
tricular pressure; —dp/dt=maximal rate of fall of
left ventricular pressure; T=time constant of left
ventricular pressure decay during isovolumic relaxa-
tion phase.

p values: *p<0.01, **p<0.001.
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Table 2. Variability between two observers

Maximum change Average change

Observer 1 Observer 2 between observers between observers
IRT (msec) 120+20 117+19 22 6+7
InAcT 3.21+0.16 3.29+0.20 0.39 0.14+0.11
InAcR 2.62+0.20 2.54+0.18 0.34 0.16+0.13

Values are mean+SD.
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Fig. 2. Relationships between IRT vs T (A), InAcT vs T (B) and InAcR vs T (C).
N=normal healthy subjects; AP=angina pectoris; HHD=hypertensive heart disease; HCM=
hypertrophic cardiomyopathy. ‘
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Fig. 3. Relationships between IRT vs 1InAcT
(A) IRT vs InAcR (B) and InAcT vs InAcR (C).
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Fig. 4. Relationships between IRT vs age (A), InAcT vs age (B) and InAcR vs age (C).
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Fig. 5. Schematic illustration of the change of
the isovolumic relaxation flow pattern from
the normal to impaired relaxation.
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