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Summary

Left ventricular relaxation property was evaluated by pulsed Doppler echocardiography. The
indices obtained from Doppler signals within the left ventricle (L'V) during the isovolumic relaxation
period (IRF) were compared with the hemodynamic parameters obtained from cardiac catheterization
studies.

Subjects of this study were four patients with hypertrophic cardiomyopathy, four with hypertensive
heart disease, three with angina pectoris, and seven normal subjects. All of them had no wall motion
abnormalities and their ejection fractions were more than 0.60. The three indices of IRF were the time
interval from the start of IRF to the time immediately before the rapid filling flow (isovolumic relaxa-
tion time; IRT), the time interval from the start to the peak (acceleration time; AcT), and the slope
from the start to the peak (acceleration rate; AcR). The peak pressure (peak P) was measured at the same
time. The positive and negative deflections of the first derivative of left ventricular (LV) pressure (+dp/
dt and —dp/dt) and the time constant of LV pressure fall (time constant T) were calculated from LV
pressure using a micromanometer-tipped angiocatheter. The end-diastolic volume index (EDVI), end-
systolic volume index (ESVI), and ejection fraction (EF) were calculated from the LV angiogram.

There were no significant correlations between the three IRF indices (IRT, AcT and AcR) and the
hemodynamic parameters (peak P, EDVI, +dp/dt and —dp/dt). However, the time constant T, which
is a good index of LV relaxation property and which is relatively free from afterload and preload,
correlated well with IRT (r=0.75, p<0.001), AcT (r=0.60, p<0.01), and AcR (r=—0.66, p<0.01).

It was concluded that the indices obtained from the blood flow patterns of the left ventricle during
isovolumic relaxation were useful for estimating left ventricular relaxation property non-invasively and
quantitatively.
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Fig. 1. Schematic illustration of the ultrasonic
beam direction to obtain the isovolumic relaxa-
tion flow in the left ventricle.

LV =left ventricle; Ao=aorta; LA =left atrium.
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Table 1. Patients’ data

Pulsed Doppler echocardiography

Diagnosis No. Age Peak P R-R IRT AcT AcR

(years) (mmHg) (msec) (msec) (msec) (m/sec?)

Normal 7 50+4 128 +24 964+162 132+18 25+6 10.7+3.5

AP 3 59+6 143420 1089246 174+39 35+24 10.5+6.8

HHD 4+ 5545 162+7 9274207 140+19 37+7 10.4+3.3
4

HCM 559 134+£20 1011+£190 184420 76+17

4.6+1.5

AP =angina pectoris; HHD =hypertensive heart disease; HCM =hypertrophic cardiomyopathy; EDVI =end-

AcR
> Wk
peakIRF
AcT
N
IRT
AcR = h/t

Fig. 2. Schematic illustration of the indices of the isovolumic relaxation flow (left) and
the Doppler signals at the central region of the left ventricle (right) obtained from a normal
subject.

ECG =electrocardiogram; PCG =phonocardiogram; UCG =ultrasonic cardiogram; SV =sample
volume; IRT =isovolumic relaxation time; AcT = acceleration time; AcR =acceleration rate; peak
IRF =peak velocity of isovolumic relaxation flow.
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(Patients’ data) (cont’d)

SRR O IR B L RO FTAE

Cardiac catheterization

EDP EDVI ESVI EF +dp/dt —dp/dt T
(mmHg) (ml/m2) (ml/m?) (%) (mmHg/sec) (mmHg/sec) (msec)
11+3 96+13 31+6 68+4 14514308 17554640 41+4
13+10 107+9 26+10 73+10 1429+101 1737+184 46+14
17+10 118+30 31+10 735 1444499 1788 +74 48+12
17+6 99424 27+4 71+7 13144275 16254377 53+10

diastolic volume index; ESVI=end-systolic volume index. Other abbreviations as in Fig. 2 and 3.

Table 2. Coefficients of the correlation between
the indices by pulsed Doppler echo-
cardiogram and hemodynamic para-

meters by cardiac catheterization

IRT AcT AcR
R-R 0.57* 0.13 —0.45
peak P 0.20 0.28 —0.26
EDP 0.60** 0.77***  —0.58*
EDVI 0.12 0.26 —0.23
ESVI —0.54* —0.23 0.21
EF 0.48* 0.24 —0.23
+dp/dt  —0.07 —0.09 —0.10
—dp/dt  —0.20 —0.05 —0.09
T 0.75%** 0.60%* —0.66**

Values are mean+SD.
Abbreviations as in Table 1.
p values; * p<0.05, ** p<0.01, *** p<0.001.
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Fig. 3. Left ventricular pressure tracing (LVP) and its first derivative (dp/dt) (A) and the
Doppler signals of the isovolumic relaxation flow (B) from a patient with angina pectoris.

EDP =end-diastolic pressure; +dp/dt=peak positive dp/dt; —dp/dt=peak negative dp/dt; T=
time constant T. Other abbreviations as in Fig. 2.
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Fig. 4. Left ventricular pressure tracing and its first derivative (A), and the Doppler signals
of the isovolumic relaxation flow (B) from a patient with hypertrophic cardiomyopathy.
Abbreviations as in Figs. 2 and 3.
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Fig. 5. Correlation between the isovolumic
relaxation time (IRT) of the isovolumic relaxa-
tion flow and the time constant T.
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Fig. 6. Correlation between the acceleration

time (AcT) of the isovolumic relaxation flow
and the time constant T.
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Fig. 7. Correlation between acceleration rate
(AcR) of isovolumic relaxation flow and time
constant T.
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Fig. 8. Schematic illustration of the change in
the isovolumic relaxation flow pattern from the
normal to impaired relaxation.

Solid line shows normal relaxation and dotted line
shows impaired relaxation.
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