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Summary

The hemodynamics of left ventricular filling was investigated echocardiographically in subjects
with a third heart sound or with ventricular gallop. Ten patients with ventricular gallop having left
ventricular volume overload and 10 normal young subjects with a third heart sound had higher nor-
malized peak rates of increase of the left ventricular dimension (Peak dD/dT/D) than that of 10 normal
subjects without a third heart sound (p<0.01). The normalized lengthening rates in rapid filling phase
were also greater in subjects with a third heart sound and with ventricular gallop (p<0.05, p<0.02).
The interval from the second heart sound to Peak dD/dT/D and rapid filling interval were significantly
shortened in these subjects. The third heart sound coincided with rapid filling phase and slow filling
phase at the point of deflection on the pressure dimension curve. Until this point was reached, left
ventricular pressure fell rapidly, and the dimension had a high value. After this point, the left ven-
tricular pressure and the dimension increased gradually.

These results suggest that a higher peak filling rate, larger filling volume in rapid filling phase, and
a more abrupt cessation of the moving mass of blood may be causes of the production of ventricular
gallop in patients with left ventricular volume overload as the physiological third heart sound.
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Fig. 1. Original recording and its analytical
illustrations.

Simultaneous recording of echocardiogram, electro-
cardiogram (ECG) and phonocardiogram (PCG, L &
M) at a paper speed of 100 mm per second (upper).
Left ventricular dimension (LVID) and normalized
rates of dimensional change (dD/dT/D) are also shown
(middle and lower).

IVS: interventricular septum, LVPW: left ven-
tricular posterior wall, IIIS: third heart sound, Dd:
end-diastolic dimension, Ds: end-systolic dimension,
Df: dimension at the end of rapid filling.
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Table 1. Echocardiographic data

D= 3 —EIz & B 0EEFRE OB

sion Gk L T normalized L7 dD/dT/D #3k
b, ThEzhZhigticty, HihckFz L
D 7ay kL (Fig. 1). fiEKHE (Dd), 1w
IR (Ds) 3zh FOER R oA, 1T
FTHACTHAIL 2. 2FEHARKTHO dimen-
sion (Df) iz, dD/dT/D %o peak {E» 20%
UTFic 22 RATEHAILE it I F XY
peak Dd/dT/D, X Df %o Bzl
L7z (IIA-Peak dD/dT/D time, IIA-Df time).
—%, SFEBAHTO ERGHEOM Df-Ds
% Ds ¢l 7 (Df-Ds)/Ds, * E#EEHG
AHifE=R (Df-Ds)/Ds/IIA-Df time %k 7.
E=E#%ERE (LVPWT) @LER R FOoHEAT
L:PfE echo X v .03 echo £¢# HHAIL 7.
LRRRCE LTk LEESRATR 2L, ARIEBE
g (DDR) #3#IL7. {¥a% (HR) i RR

(mean+standard deviation)

Dd Ds Df DDR LVPWT HR
11IS
(cm) (cm) (cm) (cm/sec) (cm) (beats/min)
Normal (=) 4.48+0.26 2.83+0.21 3.98+1.36 6.81+1.36 0.85+0.07** 69.0+11.3
Normal +) 4.221+0.47 2.61+0.32 3.78+0.37 7.22+1.93 0.84+0.07 64.1+ 6.9
LVVO +) 4.91+0.79% 2.884+0.50 4.37+0.84 8.34+2.33 0.99+0.13%* 71.7+10.6
*: p<0.05

**; p<0.01

}statistically different from normal with IIIS

*+: p<0.01 statistically different from normal withouut IIIS

IIIS: third heart sound, Dd: end-diastolic dimension, Ds: end-systolic dimension, Df: dimension
at the end of rapid filling, DDR: diastolic descent rate, LVPWT': left ventricular posterior wall thick-
ness, HR: heart rate, LVVO: left ventricular volume overload.

Table 2. Analysis of echocardiogram

(mean+standard deviation)

Peak dD/dT/D  MA-Peak IIA-Df time (Df-Ds) /Ds
dD/dT/D (Df-Ds) /Ds —
(sec™?) (msec) (msec) IIA( sle)cf‘ ;t)lme
Normal (-) 5.11+0.86 104.0+11.1 189.0+16.4 0.4440.06 2.36+0.51
Normal (+) 6.9241.19%** 91.0+13.0%* 161.04£15.5%*x* 0.47+0.12 2.94+0.56*
LVVO +) 7.48+1.52%%* 94.0+12.8 170.0£14.1%* 0.53+0.11* 3.09+0.69**
*: p<0.05

**: p<0.02; statistically different from normal without IIIS

***: p<0.01
For abbreviations, see Table 1.
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Fig. 2. Normalized peak rates of dimensional
change (Peak dD/dT/D).

Peak dD/dT/D is significantly higher in subjects
with a third heart sound and with ventricular gallop
than in those without a third heart sound (p<0.01).
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Fig. 3. IIA-Peak dD/dT/D time (left) and IIA-Df time (right).

Time from the second heart sound to Peak dD/dT/D is significantly shorter in subjects with a third
heart sound (p<0.05). Time from the second heart sound to Df is also shorter in subjects with a third
heart sound and with ventricular gallop than in subjects without a third heart sound (p<0.01, p<0.02).
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Fig. 4. (Df-Ds)/Ds.

Dimensional lengthening in rapid filling phase is
larger in subjects with a ventricular gallop (p<0.05).
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Fig. 5. Normalized lengthening rates in the
rapid filling phase, (Df-Ds)/Ds/IIA-Df time.
This rate is larger in subjects with a third heart
sound and with a ventricular gallop than in subjects
without a third heart sound (p<0.05, p<0.02).
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Fig. 6. Diastolic pressure-dimension relationship.

The third heart sound appears at the points shown by the arrows, which are 140-160 msec after
the second heart sounds. By this points, left ventricular pressures rapidly falls down and dimensional
lengthenings are large. However, after this points left ventricular pressures gradually elevate and

dimensional lengthening becomes smaller.

MR: mitral regurgitation, VSD: ventricular septal defect, LV pressure: left ventricular pressure.
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