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Summary

In order to evaluate the diastolic filling characteristics of the hypertrophied heart, 40 patients
with essential hypertension (H), 6 with hypertrophic cardiomyopathy (HCM) and 21 normal healthy
subjects (N) were studied echocardiographically. Left ventricular (LV) echograms were analyzed by
a digitizer-computer system to compute LV dimensions and volumes, and thickness of the posterior
wall (PW) and interventricular septum (IVS). According to the extent of LV hypertrophy, H group
was subdivided; H1 group consisted of 8 cases, H2 of 20 and H3 of 12, whose values of the wall thick-
ness (IVS+PW) were 25 mm or less, 26 to 31 mm and 32 mm or more, respectively. No cases with
asymmetric septal hypertrophy were included in H group. Three diastolic phases of LV were difined
with reference to electrocardiogram and phonocardiogram: the rapid filling (RF) phase from IIa sound
to F point on LVPW echo, slow filling (SF) phase from the F to the beginning of the P wave and atrial
filling (AF) phase from the P to the biginning of QRS complex (isovolumic relaxation period was in-
cluded in RF phase). LV volume was calculated as the third power of LV diameter.

LV diameters were almost the same in all groups except HCM, which had significantly small dia-
meters. There were no significant differences in the heart rate and stroke volume among the groups.
Mean and maximal rates of LVPW motion in diastole were significantly reduced in H and HCM
groups and maximal rate of circumferential lengthening was also reduced in H2 and H3 groups as
compared to N group. The ratios of the fractional LV filling volume to the total stroke volume, in the
RF, SF and AF phases were 46.0+11.9, 32.8+12.3 and 21.1+10.8% in N group, 36.0+8.3, 36.4+
10.3 and 27.6+6.6% in HI1, 37.1+8.4, 26.0+12.9 and 37.0+11.6% in H2, 39.9+8.4, 18.3+11.3 and
42.6+12.2% in H3, and 57.5+11.2, 23.3+9.3 and 19.3+6.2% in HCM, respectively (mean+1 SD).
There were no significant differences in the mean filling rate in the SF phase among the groups. How-

BlEERKE F=NE The Second Department of Internal Medicine, Kan-
SFATSCERET 1 (T570) sai Medical University, Fumizonocho 1, Moriguchi
570

Presented at the 20th Meeting of the Japanese Society of Cardiovascular Sound held in Nagoya, March 29-30, 1980
Received for publication September 9, 1980

—135—



+=F, BEH, @I, EH»

ever, the mean AF rates were augumented in H groups as compared to N and HCM. Its values were
98.6+48.3 mli/sec in N group, 124.7+44.8 in H1, 132.2+65.7 in H2, 153.4+59.4 in H3 and 44.0+
13.5 in HCM. In N and H group, the atrial filling fraction was significantly correlated with the LV
wall thickness (r=0.64).

These findings would indicate that in essential hypertension, LV diastolic filling is more se-
verely impeded as hypertrophy is advanced and the atrial kick mechanism works more forcefully and
effectively to compensate the impaired filling, while in hypertrophic cardiomyopathy, the atrial filling
to the ventricle would not be sufficient to compensate the impeded filling, probably because the LV
cavity is disproportionally smaller as compared to the marked hypertrophic wall.

Key words
Diastolic filling Hypertrophic cardiomyopathy Hypertrophy Wall thickness Atrial
kick Hypertension
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Table 1. Materials and classification

N Hi H2 H3 HCM
Number 21 8 20 12 6
Age 3511 54+14 49+11 54+13 3611

Wall thickness 1.93+0.27 2.31+0.19 2.88+0.17 3.471+0.28 3.91+0.46

Twenty-one normal subjects (IN), 40 patients with essential hypertension (H) and 6 with idiopathic
hypertrophic cardiomyopathy (HCM) were studied echocardiographically. The hypertensives were
subgrouped according to the left ventricular wall thickness, the sum of interventricular septum (IVS)
and posterior wall (PW) thickness: H1 group whose WT was 2.5 cm or less, H2 from 2.6 to 3.1 cm
and H3 3.2 cm or more. The WT in groups N and HCM ranged 1.5 to 2.5 cm and 3.2 to 4.4 cm,
respectively. The values in the table are presented as a mean+1SD. Wall thickness (IVS+PW)

is shown in cm.
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Fig. 1. Original and computer-processed left ventricular echograms.

The original LV echogram of 3 to 5 cardiac cycles (the upper part of the figure) is placed on the
digitizer table. The beginning of the P, QRS in ECG and Ila sound in PCG are determined. Then,
the right and left ventricular margins of the interventricular septum (R- and L-IVS), and the epi-
and endocardial echoes of the posterior wall (Epi- and End-PW) are traced mannually using a cur-
sor. All these data are fed into the computer through the digitizer and processed.

The middle part of the figure shows the computer output of the digitized LV echogram processed
from the upper one. In the lower part of the figure, LV volume curve (D?®) and instantaneous rate
of LV circumferential shortening (VCcF) are presented.
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Fig. 2. Representative cardiac cycle

Three to 5 cardiac cycles in LV echograms (Fig. 1)
are averaged to construct a representative cardiac
cycle so that the timings of the P, R and IIa points in
each of the cardiac cycle are coincided. The LV
volume and VcF curves are computed from the rep-
resentative LV echogram. Thickness of the inter-
ventricular septum (IVST) and posterior wall (PWT)
are determined at the beginning of the P wave. Ds,
Df, Da and Dd in the figure denote the LV dimen-
sions at the endsystole (Ila point), F point of LVPW
echo, the beginning of the P wave and endsystole
(the beginning of QRS), respectively.

. ) _ Dft—Ds?
Da®—Df?
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Table 2. Basic echocardiographic data
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T EREEIREE mean PWV 13 N Bkt
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(p<0.01). Fk A% %EBE fL7E #E max PWV
(cmfsec) i3 N g —10.99+2.11 izl L, HI1 g
—892+1.36, H2 #¢ —7.80+2.21, H3 & —7.67
+1.82, HCM # —6.93+2.89 L&t/ &<
(p<0.02), Lo bEEED HME & I KfE & %
M ERLI.
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H Hi1 H2 H3 HCM
HR 67+11 61+9 66+11 69+11 60+10
P-Q (sec) 0.16+0.02 0.16+0.02 0.17+0.02 0.16+0.01 0.17+0.01
Dd (cm) 4.7+04 4.6+0.3 4.3+0.4 4.4+0.4 3.6+0.3
Ds (cm) 3.1+0.5 2.9+0.4 2.8+0.4 2.9+0.6 1.9+0.3
SV (ml) 82+13 79+13 69+18 68+13 53+13
CO (1/min) 5.4+1.2 4.8+1.2 4.4+1.0 4.7+1.1 3.2+1.1
EF (%) 68+7 70+5 68+9 66+11 81+6

(Mean+SD)

HR=heart rate; P-Q=PQ interval in ECG; Ds and
(IIA sound) and at end-diastole (the peak of R wave);

Dd =left ventricular dimensions at end-systole
respectively. SV =stroke volume calculated as

(Dd3-Ds®); CO=cardiac output; EF =ejection fraction calculated as 100 x SV/Dd®.

Table 3. Left ventricular posterior motion velocity (PWV) and circumferential shortening rate

(VcF)
N Hi1 H2 H3 HCM

Systole mean PWV (cm/sec) 4.30+0.66 3.76 +0.70 3.90+0.68 4.42+0.93 4.07+0.74

max PWV (cm/sec) 5.91+1.06 5.39+1.12 5.30+0.93 6.26+1.57 6.77+1.13
Diastole mean PWV (cmfsec) —5.97+1.06 —4.62+0.79** —4.07+1.27** —4.27+0.90%* —4.22+1.61**

max PWV (cmfsec) —10.99+2.11 —8.92+1.36* —7.80+2.21*% —7.67+2.21** —6.9342.89%*

max VcF (circ/sec) —3.99+1.03 —3.25+0.82 —3.03+1.08** —290+0.66** —3.97+1.18

(Mean+SD) **  p<0.01 * p<0.02

—139—



+F, BEH, @I, @&

(Figs. 3, 4, 5).
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Fig. 3. Left ventricular filling rate and fraction in the rapid filling phase.
The mean rate of rapid filling is significantly reduced in the hypertensive and HCM groups. The
rapid filling fraction is significantly smaller in the hypertensive groups, while larger in HCM group.
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Fig. 4. Left ventricular filling rate and fraction in the slow filling phase.
The slow filling rate and fraction are slightly depressed in H2 and H3 groups as well as in HCM

group.
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Fig. 5. Left ventricular filling rate and fraction in the atrial filling phase.
The atrial filling rate and fraction are significantly augumented in groups H1, H2 and H3, and

larger in this order. In HCM group, however, the rate is significantly reduced and its fraction re-
mains within normal range.
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Fig. 6. Relationship between atrial filling fraction and left ventricular wall thickness.
There is a significant positive correlation between atrial filling fraction (AF%) and wall thickness
(WT) in normal and hypertensive cases. The HCM patients have smaller AF% with the thicker

ventricular wall.
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