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Summary

High quality and high-speed cineventriculography is useful for the visual evaluation of over-all
left ventricular pump functions and regional myocardial contractility. However, with respect to the
quantitative analysis of these cardiac functions, the techniques generally used today are not satisfac-
tory. With newly devised * picture analysis and digital image processing system >, we have developed
the automatic boundary extraction method, the left ventricular volume calculation method (gray-level
method), and a new technique of quantitative analysis of regional myocardial contractility (the method
utilizing the shift of gravity center.)

[Newly developed techniques]

(1) Boundary extraction:

The gray-level was recorded on the magnetic tape at every mesh (512x 512, one mesh: 8 bits)
by a film reader. The left ventricular boundary was then extracted using the non-parametric cluster-
ing analysis, the two-dimensional maximum gradient direction method, and the method employing
“ Semantics .

(2) New technique of left ventricular volume calculation:
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Utilizing the fact that the gray-level of the picture is proportional to the depth, left ventricular
volume was calculated by integrating the gray-level inside the left ventricular boundary.

(3) New technique of regional myocardial contractility evaluation:

By computing the gray-level inside left ventricular boundary, the center of gravity for the left
ventricle was sought in all the images regarding the normal and the myocardial infarction cases. Then
a series of images from the initial stage of contraction to the final stage were displayed on one screen
by aligning these images at the positions of the outflow tract of left the ventricle and the aortic valve.
Thus, it was possible to obtain a picture showing the movement of the center of gravity accompanying
the myocardial contractions in respective cases. From the picture of the movement of gravity center,
we assumed that the degree of regional myocardial contraction was fairly proportional to the degree of
shift of the gravity center. Based upon this assumption, we estimated, conversely, from the degree of
its shift, the severity of impairment in the regional myocardial contraction.
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Fig. 1. Picture analysis and processing system.
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Anterior myocardial infarction

End-Diastole
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Fig.2. A normal case and a case of anterior myocardial infarction in processing cine-

ventriculography.

msec, 32 z</4 T4T vy, Kodak # 35 mm
CFS 7 4 vty Lz, {8 U 7z d&wAl i
76% v v s 574 Thb.

wtge L Uiz JEGI 3o 4ok T Wi L IEH
i, BXOOHEEFTH S (Fig. 2).

EOERBRO BB i

TEEER 7 4 v X 0 IEME R 2SR A5
TE TR LD T, LEEEDE RS FHE & 7 5.
zhe 2, EEWEEROBEMhE, S v 20
WG OH TL - & L IAMHEIECH 5.

FESREEEG OB S LT, Mg, Kok
SO JEF negative shadow, mixing RE,
B OHER VAR LICX Y, BEfHHERH L
FETEIWMEIES K 2 EXTE V. Eig, O
REBED CRATEG 2 EOREITL D, EEOA
VLA, WREEELAEMHET, T BT RIREE A
B OBEAFFICEDOWIMMAFET S L+ 51

Zinwhi v, 22 THalE, piEiCE L TER
RS 2By AhsZ Licky, #BEFICHL
TEERHERORE € X b7 5 5 OBE» bHE
FHERIC X 2 =k (KBROER) 28y Ah, =K
T 7 4 S H NV T 4 NME — (RPFTRILE) L
R TBazLic XY, EEmEEs BEmE L
Jeld)

L kB#EE (7 v o35 2 MY v 2k RS

#r)
FEEZEGO BEE 2 b7 5 L0 Bghs,
IREE OB VESY, IRWESY, PREIED O 3 5Ds
AT H2ONREY ThoTe. S TRBOBONF
DFHE X, (=1,2,3) L+hiF, oy X
i,

LB RIEL, w ik i 75 A0EEHRR. %
2RO E o T B L

— 555 —



Riff, ®|ii, wA

3 3 - o
0 = 3 wio 2+ w(X;—X)?
=1 =1

L, of BN L ONETHB. ZORDE
—FHIRASE, FE2HIREIEEEERT S
»B, ZORENEE o LT DL,

7? = opla®
BAETRIFREVIEE 300N OSEE A X
Wz kithd. ZOEBEKRIERB LI, HE
ki ky 238, ZhBREBELRY, 240
BEREES.

Zh e 2ARDEHEBITV TR, AR L
LTAREY R A BRFEET 5. Thy x> Tk
5 EHNFE AT 5.

2. BEMREE @SR 7 + VE )

KBHIIRIC X 0 15 6 NI BEBRME ki, ke OfF
T, BROBKER T RO EA T IR &
B 3.

FHNEB S LI 72 BRY, ZABEKRD/N
BRI I 1T B EERE D EEE (%o, yo) EFIHAS L
T5. 2L TZOE»DDFERERT W Axo, yo)
R THET 5.

A(xo, 90) = tan‘l{ f’f(;;, o) /af(gi’c’ yo>}

72120, ZoOXROFDRMIEREE2S & L1048
BB E NS M2%nic, KA THE
T5.

0 (5o, yf0% & 3% (ei—E)f (s 30) =)

T (o

2 (e, 9000y & 2 (3TN0, 30 —F,)

2 (-9

DN, BEME ki, ke LT, Alx,y) ITE
75 BRI 2K 5.

3. ERpyERLE

B D B & O REFENEIE 2o T o HEE

R, ELE, KBRFFEOBRELZFAL TL
HEITH.

Th b EFHEIC X Y i L EE I O UHE IR
b I E TOERREHR (NS, SMRE) 23&
ZRIo@Ey L L bic Fig. 3 1oRd. SRR
PR ERBWIBICHY T 5. OB T 1 15
—IZ X BRFMFELETTE, WSHIRLTH
Fig. 3 1R+ HE@E L v b b icpfllicfR-T L
%£9.

EERRMEEOHFE

L FEE(S LA LRAEE)
EEEFEGEOD BH (x,y) ORE f(x,9)
BRITERERT 392, ZOEFEGIIAER
RERTOEREETS. ZhefBLTARED
BHETS.
Wi X eEBELLEE, 74 102E
s X REeR 1L 3
I, = Ie st woeeennns )

L, L 3dscBiE+s X BRoME. ¢
EREH O X BEIRE. 3 X RS 5m &
BiE L7 PERE.

S>¥ic XgEaR I &, EgLoOREE D, L
i, KRXOBFE»HB (D 13 AP-1000 2k 5
1)

DL = log(l/]l) ......... @
SHEY DI WG TORE Do 3 @K &Y
Dy = ]og (1/]0) ......... ®

® @ 0RLY, I, IPEShLHFHORITE
L3,
I = (D,—Do)fpr -+eeemer @

LizhoT, BROBE LETEAIROLH
50T, ERWEIRATICOVWTREMBEEZHS L
TWiTiE, EEFREFHRTE 2.

S, 74 VLDMEELETENR, ERICHk
FILTWB5E D M. X 7HEERH% 200
mA, 60kV, 2 zig 3 msec, 32 2</min I
T]REL, 1~12 0 12 B0 7 4 VADEER
AP-1000 Tg4HY vy + LD, Fig. 4

— 556 —



F 4 U F NHBAERIC X B e IR OFAT

m

Lo T T —

Fig. 3. Left ventricular boundaries (inner and outer boundaries) extracted by the three meth-

ods is shown with gray-level.
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Fig. 4. Relation between Benoist hardness and
the gray-level.
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Table 1. Comparison of the left ventricular
volume calculations following gray-
level method, Green’s method and
Chapman’s method

Normal Anterior Myocardal Infarction

Method End-Diastole | End-Systole | End-Diastole | End-Systole

Mo methed| 115 21 18 | 78

oot | 105 25 | 130 | 68

(single-plane)

Chentims | 112 30 120 83

(m2)
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Fig.5. Comparison of left ventricular volume calculations by gray-level method and
that by the conventional methods in a normal case (8 frmes).
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Fig. 6. Shift of the center of gravity in the normal case is shown along with the left ven-

tricular boundary.

The center of gravity shifts linearly towards the outflow tract of the left ventricle.

N

Fig. 7. Shift of the gravity center and the left ventricular boundary in the anterior infarc-

tion case are shown.

The center of gravity has shifted anteriorly with contraction.
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Fig. 8. Simultation of the relation between the shift of the gravity center and the impair-

ment of the regional myocardial contractility.
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