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EOZEBOERNE Information processing
of left ventricular images

EFE ER Michiyoshi KUWAHARA
e I 3 Shigeru EIHO

Summary

An angiocardiography of the left ventricle is highly rewarded in examining the cardiac function.
Quantitative information, such as the volume change and wall motion in the cardiac cycle, is unob-
tainable without detecting boundaries of the left ventricle.

This paper dealt with methods of automatic processing of the left ventricular images obtainable
by 3 different techniques of imaging; X-ray cineangiocardiography, RI angiocardiography and ultra-
sonic echocardiography.

The boundaries of the left ventricle in consecutive X-ray cineangiocardiograms were detected by
a heuristic method which uses an gradient image of the left ventricle and the left ventricular boundary
in the preceding frame. By using the detected boundaries of the left ventricle, various kinds of quan-
titative information of cardiac function were obtained. The volume change, wall motion, %-shortening
and so on, were calculated and displayed on the graphic display.

This paper also dealt with a method of reconstructing the 3-dimensional cavity of the left ven-
tricle from biplane X-ray cineangiocardiograms. A reconstructed image was shown as a projected 3-
dimensional shape in lines and | or in half-tone planes. The %-shortening in a 3-dimensional sense
which shows the contractility of the regional myocardium was displayed on a silhouette of the left
ventricle. We could easily recognize the abnormal region of contraction and its level and spread from
this displayed image.

The second part of this paper was the processing of RI angiocardiograms. RI images are noisy and
vague by the statistical property of r-ray emission of radioisotope and limited resolution of image
device. A non-linear filtering technique (V-filter) which smoothens the object regions and sharpens
the boundaries was proposed. After the nonlinear enchancement, the left ventricular boundary was
determined by thresholding and differentiation.

The last part of this paper dealt with ultrasonic echocardiograms: M-mode and two-dimensional
sector scan echocardiograms.

Echo data obtained by conventional ultrasound instruments were recorded on video tape through
special interface circuits without a video camera. The echo data on video tape, which can be displayed
on an oscilloscope of the instrument repeatedly with the same quality as the original data, were trans-
ferred to a minicomputer through the interface circuits.

The M-mode echocardiogram was digitized and processed automatically by the minicomputer.
After detecting the positions of cardiac structures, i.e., the interventricular septum and posterior wall
endocardium and epicardium of the left ventricle, a lot of cardiac information, such as changes of wall
thickness, diameter, volume and velocity of circumferential fiber shortening of left ventricle, was obtained.

Computer-aided analysis of two-dimensional sector scan echocardiograms was also discussed.
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In this case, echo data on a video tape were transferred to a minicomputer by using the still-mode of
the video tape recorder. A method of tracing the boundaries of the left ventricle on the data trans-

ferred was developed and some results were shown.
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B;2B22 B3

Fig. 2. Weighting coefficients related to the
extent of looking forward.

B4 P 2 B Py, Py 28 2EFA, Py
P 3 BHAL TS ZhIEXMRE o 2F
z2 Py itBEknEREEX, Py Py GROEHR,
P, P 0&EHR%—FE/NJELL, Py, P BIU Po
BEAZ0L42ZLTHDE VELODERR
BLLT, BERCBTS ERAOESEERD.
bbb Fig. 2 2B8\T, B>F>k>. .. &
BE Z0kdicTsE, ROWHETBEL X
BEMSMERZ T TR, bo b KIBMLERLE
Bz ARBZ Lich B,

KRO7 L— LD S OWMETEMCEN
FEREEREZFIAT A LItk Y, TORHIKE
FEOARILNTES. T hbbTTRELIE

—325—



R, FR

Fig. 3. Detected consecutive left ventricular boundaries.
Real curve gives the boundary at each cardiac phase and dotted curve shows the boundary at the

end-diastolic phase.
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Fig. 4. Wall movements of the left ventricle between the end-diastolic phase and end-

systolic phase.

The left figure shows the movement in a rested condition (control). The right one shows the move-

ment of the heart wall after an anginal attack induced by rapid pacing of the right atrium, i.e., after

some load has been imposed on the heart.
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Fig. 5. Per cent-shortening.

Reduced 9%-shortening in the inferior wall and aug-
mented 9%-shortening in the anterior wall after pac-
ing are observed.
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Fig. 6. Three-dimensional shape of the left ventricle (line-drawing) from near RAO 30°.
The left figure is an ED phase and the right one for an ES phase.

Fig.7. Three-dimensional shape of the left ventricle (half-tone display).

Ik BB EH LT b, FZ TUF TR,
i OHEIC L - TR b e RIZEDEER G &
GG L Uik 5. B BEFOFEICL - T,
1Rz b 72 - T 0 ke 2 Wifs 7 v <,
RI 24508 X O 0@+ 2 BT 2 B & L
TFEFT LA ST 5.

L T 4Ly —0

Fig. 9 13 RL@@IM o msRzHC X 5, 72
DEIREMOF « v 4 ks i RI Eigo 1
flc, AR rLHoAcbOTHD. O
G b 2 OE R 2 MR F 5 7w icid, £
B OUH T I DR T AT B2 v, HATRENTE

Wik b —iic e o h b, WEUGED 729
OMIE7 + v & =i TH 525, Zh Tk RI o
WRHAZE N X A M3 b A RETR L TE T,
227 R r ORIINA R &, Wbt d — g s
HHZ ek b FZTZo k5% RI oM
HAYGET 51203, WRICE Eh 2805 2 90Hl L
THHE L3 6, —J5 TR 7 2EIE L Tl
g S v, W ORSE L OIERIE 7 «
W — W E L.
VRIS, S BIREESARICIE O BE Y A
o7 2k, Fkl LHUk2EEx S Fkl o
WEEE AT 1, 0K 01 DREREIEBIEL fi(x)

— 328 —



L E GO TEHLRE

Fig. 8. Per cent-shortening (pseudo-color display).

The left-upper image is the view from RAO 30°;

right-lower, RPO 60°.
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Fig. 12. Application of the nonlinear filters to RI-angiocardiogram.
(A) Original, (B) linear smoothing by simple averaging, (C) V-filter type I, (D) V-filter type II,
(E) median filtering of (C), (F) median filtering of (D).
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Fig. 13. Application of the nonlinear filters to RI-angiocardiogram (3-dimensional repre-

sentation).

(A) Original, (B) linear smoothing by simple averaging, (C) V-filter type I, (D) V-filter type II,
(E) median filtering of (C), (F) median filtering of (D).
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Fig. 14. Two-valued figure of ventricle-atrium
region resulted by thresholding.
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Fig. 15. Left ventricular boundaries superposed on the original images.
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Fig. 16. Change of LV-volume.
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Fig. 17. Block diagram of recording and transfer system of echocardiograms.

The circuits in the left dotted square are for the recording of the echo signals on video tape and
the other circuits in the right dotted square are for the transfer of the echo signals from video tape
to the minicomputer.
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Fig. 18. An example of M-mode echocardiogram displayed on CRT.

There are two line segments for calibration of the depth and the elapsed time at the upper left cor-
ner of this figure. The vertical line segment corresponds to 10 mm depth and the horizontal one to
0.5 seconds duration. We can see, in this figure, the right ventricle, interventricular septum, left ven-
tricle, endocardium and epicardium of the posterior wall and lung tissue from the upper side to lower
side. A curve on the right side of this figure gives an A-mode display of the echo signals summed up

near the vertical cursor line.
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Fig. 26. Detected boundaries of ED (dotted
curve) and ES (real curve).
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