Journal of Cardiography 16: 465-474, 1986

AEARMERICE T 5E%E  Functional significance
R OBBERI BRI DOWT  of left ventricular distor-
tion in patients with
right ventricular volume
or pressure overloading

HiE #EH Toshiaki MAEDA

PN AT Masunori MATSUZAKI
M #|A Yoshito ANNO

BE B— Yoichi TOMA

BiE  fLF Reiko  MAEDA

/N YEEH Mitsuharu KONISHI
FHE  Fo4f Kazuyoshi OKADA

H fHEA Nobuaki TANAKA
Kk IEIR Masaharu SUETSUGU
AN ) Shiro ONO

e BAE* Akio NAKASHIMA*
waJll s Reizo KUSUKAWA

Summary

To evaluate the effects of left ventricular (L'V) distortion on its pump function, the LV cavity shape
was analyzed by two-dimensional echocardiography in normal subjects and in patients with right ven-
tricular (RV) volume or pressure overload. The functional significance of L'V distortion in the short-
axis sections was evaluated by an index of the efficiency of ejection (E) of endocardial circumferential
fiber length (ECL) shortening in reducing LV cavity area during systole; E=measured systolic area
reduction | ideal systolic area reduction x 100 (%), where an ideal area at end-diastole or end-systole
was computed for the measured ECL, assuming its shape to be perfectly circular (ideal area=ECL?/
4r), and then an ideal systolic area reduction was determined. E at the chordal level was termed Ech.

In patients with atrial septal defect (ASD), the LV cavity was distorted at end-diastole and be-
came more circular at end-systole. Since this characteristic change during systole diminished the E, and
the values of E at the chordal level (Ech) were significantly lower in ASD than those in normal subjects
(89.4+4.49, vs 98.3+0.89%,, p<0.001), strongly suggesting impairment of the efficiency of LV pump
function in ASD. In patients with pulmonary hypertension, the LV cavity was more distorted at sys-
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tole, and a decrease in cavity area at end-systole with the distored LV contributed to increased
systolic area reduction. Thus, the values of Ech in this group exceeded 1009, in five of nine patients
(103.8+12.39,). In other words, when marked RV systolic overload exists, an increase in LV sys-
tolic area reduction due to progressive LV compression will occur against LV systolic pressure.
This phenomenon suggests the existence of ‘‘ cardiac massage on the LV by the RV with elevated

pressure .

In conclusion, it was strongly suggested that the efficiency of LV pump function is modulated by
RYV overload through dynamic changes in the LV shape.
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A) Cavity shape change during cardiac massage

Ld=Ls
Ad>As
Pre-ejection End-ejection

B) Cavity shape change with or without diastolic distortion

1) With diastolic distortion

Ld Ls

End-diastole End-systole
Systolic area reduction=Ad—As

2) Without distortion

Ld Ls
ideal Ad
Ideal Ad>Ad
(Ideal Ad=Ld?%/4r)
End-diastole End-systole

Systolic area reduction=1Ideal Ad—As
Fig. 1. Diagrams illustrating effects of left ventricular shape on its cavity area and systolic
area reduction.

A: Cavity shape change during cardiac massage of the arrested heart. The diastolic and systolic
endocardial circumferential fiber lengths (Ld, Ls) are unchanged and only compression of the cavity
occurs, resulting in reduction of cavity area (A) from Ad (diastole) to As (systole) without substantial
shortening of myocardial fibers.

B: Cavity shape change with and without diastolic distortion. The endocardial circumferential fiber
lengths change from Ld to Ls in both situations 1) and 2). However, systolic area reduction is smaller
when diastolic distortion is present compared with situation 2), in which cavity shape is perfectly
circular at both end-diastole and end-systole.
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measured
area

Endocardial tracing

Ideal area=(ECL)?%/4x

Ideal systolic area reduction=end-diastolic ideal
area—end-systolic ideal area

ECL

ideal
area

A perfect circle

Fig. 2. Method for deriving an ideal area and ideal systolic area reduction.
Left: The endocardial surface tracing on a short-axis section of the left ventricle, with a smooth

curve excluding superficial infolds.

Right: A perfect circle having a circumference identical with that of the measured tracing (left

panel).

An ideal area was computed for the measured endocardial circumferential fiber length (ECL),
assuming its perfectly circular shape. Then an ideal systolic area reduction was determined. Distortion
index was defined as (ideal area—measured area) [ ideal area X 100(%). An index of the efficiency (E)
of systolic ECL shortening in reducing cavity area was defined as follows:

E =measured systolic area reduction [ ideal systolic area reduction X 100(%). E at the chordal level

was termed Ech.
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Normal !

Fig. 3. Three representative examples of short-axis sections of the left ventricle.

Panel A shows echocardiograms in end-diastole and panel B, in end-systole. In panel C, the traced
endocardial contours in end-systole are superimposed on those at end-diastole.

Upper panel: normal left ventricle, middle panel: right ventricular volume overloading (ASD),
lower panel; right ventricular pressure overloading (PH). In the middle panel, the left ventricle is
distorted at end-diastole and becomes circular at end-systole. In the lower panel, the left ventricle is
more distorted at end-systole than at end-diastole.
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Fig. 4. Comparison of the distortion index
(chorda level) at end-diastole and end-systole
among three groups.

Open symbols indicate end-diastole and closed
symbols correspond to end-systole. Abbreviations are
the same as in Fig. 3. N=normal.
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Fig. 5. Comparison of an index (chorda level:
Ech) of the efficiency of systolic circumferential
fiber shortening in reducing cavity areas among
three groups.

Abbreviations are the same as in Figs. 2 and 3.

N =normal.
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Fig. 6. Comparison of fractional systolic cir-
cumferential fiber shortening among three
groups.

Abbreviations are the same as in Fig. 3.

N =normal.
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