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Summary

When cardiac hypokinesis in myocardial infarction is analyzed by means of phase analysisof radio-
nuclide (RI) angiography, there are some cases in which the amount of regional wall movement of
the left ventricle does not so decline, but the phase delay of regional wall movement is great. Hence,
a simulation experiment was performed with a computer to evaluate the influences of regional
phase delay on cardiac work. It was assumed that the radius of the model of the left ventricle varies
from 3 cm in the late diastolic phase to 2 cm in the late systolic phase, and that in the initial 1/3 time
of diastole, the radius alters by 90% of the change. One cardiac cycle (360 degrees) was divided into
60 fractions (1 fraction=6 degrees), 0 degree being the end of diastole and 180 degrees the end of systole.
An ischemic area was supposed to cover S9% of the whole volume of the left ventricle, its amount of
regional wall movement being P% of the normal area, and the phase delay being R degrees. By varying
S, P and R, and taking weighted means of volume curves and normal ones, their assumptive volume
curves of the left ventricle were computed. Stroke volume (SV) and ejection fraction (EF) obtained
from these curves were compared to those obtained from the normal curves, and were expressed in
percentage (%SV, %EF). The influences of the changes of S, P and R on the volume curve and
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on the cardiac work were examined. Then the count curves of the left ventricle (LV) were obtained
by gated RI angiography in 22 cases of myocardial infarction and 8 healthy controls, and LV regional
wall movements were examined by means of the Fourier analysis. The circular volume was parti-
tioned from the center into eight sections on the LV image of LAO 45° and the amount of wall
movement and the phase delay of each section were evaluated from the count curves of each section.
The following results were obtained.

1) %SV and %EF declined with sole occurrence of regional phase delay.

2) Occurrence of the regional phase delay flattened the slope of the volume curve of the initial
diastolic phase and formed shoulders on this curve. This was observed also on the count curves actually
determined from cases with myocardial infarction.

3) When regional wall movement was markedly decreased, the influence of the regional
phase delay on the pattern of the volume curve was slight even if the phase delay was extensive.

4) When regional wall movement was preserved, the influence of the regional phase delay on
the pattern of the volume curve and on the cardiac work (%SV, %EF) increased as the phase delay
increased.

We concluded that left ventricular performance is affected not only by the loss of regional wall

motion but also by the regional phase delay.
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Fig. 1. Method of simulation.

It is assumed that the radius of the left ventricular
model varies from 3 cm in the end-diastolic phase to
2 cm in the end systolic phase, and that in the initial
1/3 time of diastole, the radius alters by 909% of the
whole change. An ischemic area is supposed to cover
S % of the whole volume.
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Fig. 2. Method of simulation 2.
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( /normal).... %SV ,XEF

A is a wall motion of ischemic area, and B is a wall motion of normal area. C1 is the normal
left ventricular (LV) volume curve. C2 is the volume curve of ischemic area in which the absolute
amount of movement is assumed as P% and the phase delay as R degrees of the normal volume curve.
C3 is the weighted average curve of C1 and C2 at a ratio of S to 100—S. SV and EF are calculated
from C3, and they are expressed as %SV and %EF against SV and EF from the normal curve (C1).

SV: stroke volume, EF: ejection fraction.
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Fig. 3. Simulated left ventricular (LV) volume curves.

Volume of ischemic area (S) is assumed to 37.5%, and it’s absolute amount of movement (W.M.
of isc., P) is assumed to 100% of the normal. The influence of the grade of the regional phase delay
on the LV volume curve without any decrease of the regional wall motion is shown as character-

istic changes of LV volume curves.
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Fig. 4. Simulated LV volume curves.

S=37.5%, P=10%.
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The influence of the regional phase delay on the LV volume curve with a markedly decreased wall
motion of the region is shown. Although the amplitude of the volume curves decreases with the in-
crease of the regional phase delay, the patterns of those volume remain similar to the normal curve

(Fig. 3, R=0 degree).
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Fig. 5. Simulated LV volume curves.
$=37.5%, P=50%.
This volume curves resemble to Fig. 3.
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Fig. 6. Representative simulated LV volume curves.
1) Left panel: The regional wall movement is slightly decreased but the regional phase delay
is moderate. A shoulder (shown by an arrow) is formed in early diastole.
2) Center panel: The regional wall movement is only slightly decreased without phase delay.
3) Right panel: The regional wall shows a decreased movement without phase delay.
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Fig. 7. Simulation of influences of the regional phase delay and the regional reduction
of wall movement on the cardiac work.
X-axis: W.M. OF ISC. (wall movement of the ischemic area., P).
%SV and %EF decline with sole occurence of the regional phase delay. When the regional re-
duction of wall movement is small, the influence of the regional phase delay on the cardiac work is
small. And when the regional phase delay is significantly large, %SV and %EF decline as the regional

movement increases.
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Fig. 8. Method of analysis of RI angiograms.

Section curve
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Section PC (PC:phase characteristics)
..... mean PC (section)

Phase Delay
..... section PC - min, section PC

EDc :section count at MAX count of
total curve

ESc :section count at MIN count of
total curve

MAXc:MAX count of section curve

MINc:MIN count of section curve

EF1 = 100 x (EDc - ESc) / EDc
EF2 = 100 x (MAXc - MINC) / MAXc

A LV image of LAO 45° is partitioned from the center into eight sections by every 45 degree. The
end-diastolic phase count (EDc), the end-systolic phase count (ESc), maximum count (MAXc) and
minimum count (MINCc) are determined from count curves of the respective sections, and EF1 and
EF2 are calculated. Phase characteristics (PC) are determined from Fourier transformed respective
pixel count curves, and the mean of pixel’s PC of each section (section PC) is calculated. The phase
delay of each section is obtained as the difference between the section PC of that section and minimum

section PC.
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Table 1. Normal values of EF1, EF2 and phase
delay of 8 sections

Section EF1 EF2 Phase delay
No. (%) (%) (degrees)
1 41.1+ 5.0 41.8+ 5.1 8.9+5.0

2 55.6+11.6 56.1+11.2 2.0+3.4

3 67.0+12.9 67.5+£13.0 5.5%3.3

4 78.8+10.9 79.1+10.9 13.5+7.7

5 85.3+11.2 85.8+11.2 14.0+6.9

6 70.2+14.1 70.7+13.5 13.6+6.8

7 49.5+11.5 50.7+11.1 13.4+8.0

8 35.2+ 5.5 36.2+ 5.2 12.3+8.3

These data are obtained from 8 healthy controls.
(mean+1SD)
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Table 2. Clinical data and regional wall motion analysis of patients whose count curves

are shown in Figs. 9, 10 and 11

Case Age Sex Site of Heart rate EF Abnormal Phase delay EF2

no. (y.0.) € infarct (beats/min) (%) section (degree) (%)
1 58 M Control 60 72

2 49 M Inferior 64 55 7 11.7 26.1

8 8.1 26.1

3 48 M Anterior 64 33 1 3.5 19.2

2 14.6 25.2

7 22.3 20.6

8 10.6 12.5

4 69 F Inferior 58 68 7 36.7 34.6

8 34.8 39.2

5 76 M Anteroseptal 78 32 5 34.4 25.7

6 84.6 12.1

7 100.0 14.6

8 52.0 15.1

EF: ejection fraction of the LV.

Phase delay and EF2 demonstrate data of abnormal sections.

M: male, F: female.
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Fig. 9. LV count curve of Case 1 (normal control).
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Fig. 10. LV count curves.

Case 2 (left panel) and Case 3 (right panel).
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These LV count curves resemble to the normal count curve.
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Fig. 11. LV count curves.
Case 4 (left panel) and Case 5 (right panel).
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These LV count curves are characteristic of myocardial infarction and do not resemble to the
normal count curves. A shoulder at the early diastole is present (Case 4).
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Bolf, BiUELRBOMEBERELLT, &
BB OIIREH O & MBERILT 5 Lk sh
T30, SEI0KA OFEE, = OHREEH
R OME X ORI, FRERTOBEESROKT
vy, L5 FFTo phase delay ofEEMNK
EKEELTHBZLERLTNS. ENIC, B
PEESESHRSET L, ARMBROREIVNES 2

Phase delay DZA&ZEBNIC KIFTHE

W, AL SRR SR OMEE Lg%
LB M, RPTo phase delay ofFEfEIE, XV
U bR BB OB E 2ERICT 5. T4b
b, FEMBROIRFEL O & OfEHRILIL, asyn-
chrony 2k - Tz 3 L& 3.

Tz T, RICERI2,3 0k 5z, FFTo phase
delay RIEHFHHANT, EHROLABIE T+ 5
hypokinesis # A &l FEH4 DX 5 ICEFOE
BIRIET 234 7% <, phase delay »df2EELl L&
5HEE % B A, FETOEEEIK T IC phase delay
EHESRERIS 0 & 5w REE CRILEHT S L,
B, C iz & bic dyskinesis T 5. LHHEE
WG 22 B0 55, A BloRE #5753 section »
LBl EFZ3H, B BloRE #/RY sec-
tion OAERDIAEFMT 24, C MoORE &R
+ section DA EFBHEFMIE IFTH o2 B
D 14 iz, BE o B section ZLic BAiY,
A+B #, A+C #I B4+C &, A+B+C #iA
E#xThotz. ¥72, C Hlizi3 phase delay
DRRE L EBRIET OREC L V4 0fiaib
VDY, —RCFRLAE LT3 ITEELD B
LEZBNEZ. Zo BER O A£%E count curve
I A BUZIEY bohd B BICEW b 0% T
2T, TOREDOH HEH D&, phase delay
DR, EHRET o BE® BER T ERL,
count curve OEMPE(S 3 LE X Bh 3.

UlkXy, BitEESETIEA 0BSESH DR
WHENRDY, ZhE COEYOBEEPRY 04
¥ Td» 5 akinesis, hypokinesis, dyskinesis o 3
FETRTRICEoREERBTEY, 2o/FH»
phase delay n2EF LEBHRIKT 0RE OE &
ZEIZANT 2T LERDB LEX bR
0L RERD b RFTEESHRFEIRO LI
HEEh 5.

1) Akinesis: phase delay &Iz 1rb b
. BENEA 20,

2) Hypokinesis: phase delay 13 1F % &5 <,
BEEBBEMMETL TN 5.

3) Dyskinesis: B&EH# »{K T & phase delay
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, EH, KxH* @

OREIZLY, Ro4BUTHET 5.

@® Phase delay 3HRE T, EHRET IR

E~72L.

@ Phase delay BT, ESHRETIIEE

~72L.

® Phase delay 3PRET, EHRETLH

RE.

@ Phase delay »FH T, EHRETZHE

E.

D@, @ i3 phase delay 2GR K E VW
ERmLnsd. ¥k, EBROETIEREVWE,
phase delay nfEIChrb b T, LEREL V-
7-8lE 51X akinesis LFIL TH B 72w IBIC
ARBW. £, ZoXH #2Eo count curve 0
Ryt st L, BEMNKE Y, phase iz
DLODOEFRELEYT I LEELONS.
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PHE BIV EELE0 BIEIZ, L0k dRE
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TRAEThH -T2 £, ZOREIZ, BRERO
TE 2 EE 2 D, EEEIN 2ETH e &L
ThHY, SHREDBRFLTHELNEEZL T
3.

¥ & ®

SFTEEEBIRF IC o\ T, RFTD phase n&
HLEHFRET LV 2EMAOMITL, R L.
EBEMIC X 5 simulation L OMHEEEES O BET
BEEG O 21TV, KROBEREB

1) RFOBEEHRO K T,A4 TH, phase
delay oFEEDOHTUMEEFRIZET T 5.

2) REoBESHROE T ¥/~ & <, phase
delay k& v Bl dyskinesis 13, [MEER L
Wy ErbAaB e, akinesis LV ARFITHD. %

F R Edh#R o pattern OZLARE V.

3) Phase delay o7\ FFFEEEEBIRE D BT
(hypokinesis) %, ZE=EZFEph#o pattern ~o
HEN B2,

4) J3Fio phase delay » k&< T, EEE
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o pattern ~DFET piel, LEFEO @
HHh 5 &, akinesis LRILHSG L /2 5.

3 #

RI angiogram ¢ phase analysis #fvy, >
fitEgERE» hypokinesis Zfgii+ 5 L, RO
EBRE S LIETE ¥, RBTo phase delay 23
REWEFNRBERENSB. 22 TRETO phase
delay 2R EER L OHFRICKETHELER
+5HHT, EEKIC X 5 simulation #EAH7z.
EEeFAL LT, ¥8E» 3om, 2em, 3cm T
WG - EAE L, IR 2 0BRH] 1/3 oRET, ¥
E90% b+ 5 REE L. 1.LJAH (360
BE) % 60 &L (1 43%1=6 ), 0F 2RAH,
180 EEx IufER I & Lic. Bl 2AEo S%,
z0E§EE P%, phase delay # R EE& L.
S,P 38X R #Z{bs+, Zoih#ie EF
WEMELH LT, zhfho{EHReEHL
oo Z oy bH 1 EHE (SV) LER =
(EF) %, E¥BR»oB/ohcEIHET 28
RTKBL, %SV, %EF L Lk S5 P wxrw
R o b nFRf#i & OEFRICKETHELE
g1 7=. »< LT gated RI angiography #%
v, 2240 OFREZER L 8 IEHFlo £ count
curve #78, Fourier 47 & v CAEZRETESE
BT L, HERE L

7= LAO 45° fh& AHHPLT 8 HEIL, Z
hZFho section ¢ count curve H» 5757~ BEE
Bi& & phase delay # &t L, /£ count curve
LB L TR O RER .

1) %SV, %EF 3/Fft» phase delay ox
TET+ 5. ZhEEROLHEEERIC LB
shiz.
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2) JmiT phase delay ofFfEiLREHOR
B o & 285 L, ER G4 shoul-
der WK+ 5.

3) FRFBEEHEMSELIETLTWREAII
iX, phase delay 23k & < ThH, FEMBRORIC
RIETREBIZ D .

4) RPEBRO ET 22w H41, R0
phase delay RzcEh#o B L OEER (%SV,
%EF) e R+ BT RE .

PlEXY, x3KRokdicEwmLEZ. EED
performance [3/FFT 0 BEEBR O KT 0L TH
<, JAFTo» phase delay ofEfEic { HBEh 3
LEZLRNB.
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