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Phase analysis was applied to 90 multigated blood pool studies in 10 normal cases, 35 cases with
myocardial infarction (MI) including 2 cases with subendocardial infarction, 4 cases with dilated cardio-
myopathy (DCM), and 41 cases with other various conditions including angina pectoris, hypertensive
heart disease, hypertrophic cardiomyopathy, and others. To evaluate an ununiformity of left ventri-
cular contraction (asynchrony), one standard deviation (1SD) was calculated from a histogram of

left ventricular phase distribution in each case.
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A significant difference of the 1SD was seen among each group. The 1SD was 5.1+1.4° in normals,
24.14+14.8° in MI, 24.7+21.6 in DCM and 7.1+2.0° in others. The 1SD in normal cases was less
than 10°. In cases with transmural MI the 1SD was more than 10° except one case.

A significant correlation was found between the 1SD and the left ventricular ejection fraction
(r=-0.79).

In 38 cases, the 1SD was compared with contrast ventriculographic findings. The more accentuated
the wall motion abnormality, the larger the 1SD. Therefore, the 1SD was a good parameter of left
ventricular function as well as asynchrony. In 28 of the 38 cases, we also attempted to evaluate regional
wall motion abnormality. The phase difference of the region showing a phase shift in the left ventricle
from the right atrium was calculated and compared with contrast ventriculographic findings in the
LAO view. The phase delays were 167.44-10.9° in normal region, 198.5+21.4° in hypokinetic region and
276.9+34.4° in akinetic region, indicating larger delay in the region with severely abnormal wall motion.

We conclude that Fourier analysis is a useful non-invasive method to evaluate regional wall motion

abnormality (asynergy and asynchrony) quantitatively.

Key words
Phase analysis
Asynchrony

Phase histogram

Multigated blood pool study

Regional wall motion abnormality
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Adam 5V iz X 3 fifE#E4T (phase analysis) 3,
I TIRBE 5D OWMELK, SHLLY, EABY
LEE MESNB LoD, Z OffER
Wik, EEEEHOEFPURE oA T, K
HEBCOWTHIELE S FEEEX DA, &
B, ZENOMMESME R 77 ABERL, &
fELERIC - & EEBEHE ORFMAE— 1 0E
BILERATZOTHRET 5.

MR LA

BT OLPIETEE 2 5l % & T U E 35 41,
FERREBLOMGE 4 #l, 1E% 10 61, BXUZzoftio
DEBRHN FloHIOFIchHs. EFAIE, BEE
RIVEEEZEDh, BEORRE REERY
ol Ths. Eiz, ZoOMmoREICE,
WER, BEMLRER, ERELOHIES H
FEh T3,

FHELERBIX, v 5525 (Ohio Nuclear
2 410S) W= Y A =5 —kEHEL, £ T4
VO L5 — & kB (Informatek Simis
3) ¢hs.

Te-9m v bluiE7 473y 20mC, F4
Tc-99 m in vivo #EzFRiMnek 20 mCi % # k%,
SEERREE T PR 2SRRI BE T & B AERTRES
M (LAO) kv, =AF 45— MERXBZT—# I
ExfTole. T—2INER, BMRT+ 27 CLE
Mo R g ryHF—2 LT, R-R BEE 16 %
4L, 64x64 matrix (2T, 4x10°count/frame,
500~600 i EMES B Z LITX VITol. TD
5 — 45 % time space filter M iF AL —Y
17V, ®&ic Fourier filter iIZ T L, =n—
WERERS & V4 matrix OiElE (amplitude)
L {48 (phase) sk, #EiE#: (amplitude image)
Lfir#atk (phase image) % fEpR L 7z. KIT4&
matrix = k2, (AREIC ERRSEZRL, E=X
B (ROL) ofifinfit 2 + 77 2% Bk
Liz. zo&w R-R HEx 0~360° L L, o
Mz 120%5 L, BKiEx 100% oz 7 —nicdh
b¥THRR L. Thk ) FHfE (mean) LE%
ffz (1SD) #skw, 1SD % E=EEEINKE OREFEIRY
Ag—tkofgE L L (Fig. 1).

F 72 90 firh 13243 FREHICAESER F BT L2
Bhlicog, zoEEHFRE 80RO 18D &
ExHERR Le. EEFTRE, Arigdm (RAO)
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6LOBAL LV PHASE (HYPOKINESIS> 118 SDie

Fig. 1. Amplitude image (upper right), phase image (upper left), and histogram of the ven-
tricular phase distribution in a patient with regional wall motion abnormality (lower left).
One standard deviation (1SD) is calculated from the histogram and used as a parameter of temporal

ununiformity of left ventricular contraction (asynchrony). The process of evaluation of regional
wall motion abnormality is as follows: Firstly, the operator outlines right atrium (— R), guided by
four images. They are amplitude image, phase image, end-systolic image and end-diastolic image.
Secondly, the operator outlines the region with phase shift (— H). Thirdly, the mean phase value
of the region from that of right atrium is calculated. And then, it is compared with the contrast ven-

triculographic finding.

bBWiZ LAO Ly o bhifiRiY, EXE
BEYER)RE, hypokinesis #f, akinesis ff, dyski-
nesis FHIZ AL, HEOPFTRE HS 5 HlTi3,
X VEEMEE OBE AR L LT

sbickggy (LAO) Lz E Rk, M5
{c T phase analysis #{7 - 7= 28 filic > %, 1&¥
Pl &, phase image THE 270, L5
ERMEL LI 0N IGME & xRt L. 1&
SEPTRAE, PERRARWIG LIRS EZ b v—2x L
WHIEZfTHh TS, Ehfby CHELL. AR
@ ROI %, amplitude image, phase image,

end-diastolic image, » end-systolic image % %3
FITHE L (Fig. 1 &A1 R).

FERHLEIT I t BUEZ Vv, fERER 5% LITF %
AEL L

& ES
Fig. 2 13, ZEsmgpiic &Y HE L B
{7, hypokinesis Z##44 % {4, 3 X0 akinesis %
At aE0, EENMHESTE X b T T L LY
BB XLV 1SD 2R L7cL D ThD. BEETRE
EEEIC 22 BT, 18D i3k & -7z
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Fig. 2. The histogram of normal case and cases showing asynergy in contrast ventri-

culography.

The more accentuated the wall motion abnormality, the larger the 1SD.
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Fig. 3. Comparison of phase distribution of
left ventricle in various cardiac diseases.
1SD in normal cases is less than 10 degrees.
MI=myocardial infarction; DCM =dilated cardio-
myopathy; OTHERS=other cardiac diseases in-
cluding hypertensive heart disease, angina pectoris,
and hypertrophic cardiomyopathy.

degree —
230 *
220
210
.
4
3] 200
=
z 190 N
]
>
t 180 -
H .
w 170 : - e
o = ' H
lé’ 160 : !-
< T T -
> 150 H < .
w L 4
< 140 ' - ¢
= !. . & ]
Z 130 H . f -
%] . . L)
120 . = .
-
.
110 x SUBENDOCARDIAL
*N.S.
100 *%P<0.005
Ml DCM OTHERS NORMAL

Fig. 4. Comparison of mean phase value of
left ventricle in various cardiac diseases.

— 720 —



degree
w L]
.
3 50 o
(0]
w
pu
O
5 40
3 * T N= 90
% S . M R=-0.79
p 30 Y=-0.59x+41.39
[} O
g .
T %
@
[a] 20 . n.
w .
g 0
.
{ « * *e °
...
. .
. . L]
19 ..... .o - o.o
o ® ...' o oo
‘s ':o " .
o %y o,
. .
0 10 20 30 40 50 60 70 80 90 100%

LEFT VENTRICULAR EJECTION
FRACTION

Fig. 5. Correlation between left ventricular
ejection fraction and phase distribution of left
ventricle.

A significant correlation was found between left
ventricular ejection fraction obtained from ECG
gated cardiac study and standard deviation (1SD)
of the left ventricle (r=—0.79).

Fig. 3 ¥, DfFHEER, RALGHER, <
DD EEHEB L CEEHD 1SD Tth 5.
DR 35 flciz 24.1+14.8°, ool
gEEE 41 fl iz 7.14£2.0°, E#EE 10 ik 5.1
+14° LEBBICAEREELR D . EERLH0
1SD 13 10° LAFCd - 7228, (OMHHEZERE 35 il
R2HE10° LLETHY, %D 3HIE 100 LT TH
o7,
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Fig. 6. Correlation between left ventricular
ejection fraction and mean phase value of the
left ventricle.

FAZHCHY, Thallium-201 Lffs v 575
AT T perfusion defect #3w -,

k7, ZoMoLFRER 4 Flg, 1SD 2 10°
P EERTHEINRSGlD Y, 2 FIIPER, ftho
3 ik FEREOFFEER] 720 L BIILEMEDRE T,
DR DERLEMTH-. LirL, Fig. 4
Rt & Y, EEOMHAOESE TR L
&, DHEERN L ZoMoOLREH TEREZRYD
ebon, FHMOERIIKRTH- .

EERL THBECEETH 5 EEHFHRL, £
EILHE ORI A — ke Td 5 1SD Lo
B, r=-079 LREFL2AOCHBEERED, &£
FUNHE O REH A0 BEXBE L 25 @
E, EERV7THBEMET T2z L TREh
(Fig. 5).
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Fig. 7. Phase distribution of the left ventricle
in normal cases and cases with asynergy.

The more accentuated the wall motion abnormality,
the larger the 1SD.

La L, EEBRHER L EEMEOFISE L DR
IiE, BWiEB 23R e d o o (Fig. 6).
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19 iz 5.9+1.5°, hypokinesis #: 8 f7lix 11.8+
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SR L), BFHMCEEEERD R,
(Fig. 8).
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Fig. 8. Mean phase value of the left ventricle
in normal cases and cases with asynergy.
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Fig. 9. Correlation between heart rate and
mean phase value of the left ventricle.

A significant correlation was found between heart
rate and mean phase value of left ventricle (r=0.76).
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Fig. 10. Left ventriculograms and phase image in a patient with normal contraction.
Upper: Left ventriculogram of LAO view during diastole (left) and systole (right). Lower left:
Schematic drawing of left ventriculogram. Lower right: Phase image.

The left ventriculogram and the schematic drawing show normal contraction. In phase image,

no phase shift is observed (—).

AREEEAEL L, EFLEBbh3H (K)o
HEARME MR 150° Th - 2.

Fig. 11 13, hypokinesis {fj Td 5. FEEEY
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B & SLHE L L R O NZARME o SES R, 278° T
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Fig. 13 i3, #iit oo = & <skw 7z 28 41 49
region {Z oW T oD, EEEWITR L ZhFh o
BEEJELIELOTH Y, EFIGH 34 region
1% 167.4+10.9°, hypokinesis 11 region % 198.5
+21.4°, akinesis 4 region % 276.9+344° L4
HERICHEZE 2R, BEEE)RE ORRE 2R < 42
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Fig. 11. Left ventriculograms and phase image in a patient with hypokinesis.

Upper: Left ventriculogram of LAO during diastole (left) and systole (right). Lower left: Schematic

drawing of ventriculogram. Lower right: Phase image.
The left ventriculogram and the schematic drawing show posterolateral hypokinesis. In the same
region of the phase image, phase shift is observed (—).
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Fig. 12. Left ventriculograms and phase image in a patient with akinesis.
Upper: Left ventriculogram of LAO during diastole (left) and systole (right). Lower left: Schematic
drawing of left ventriculogram. Lower right: Phase image.

The left ventriculogram and the schematic drawing show posterolateral akinesis. In the same region

of the phase image, phase shift is observed (—).
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Fig. 13. Comparison of regional wall motion
and regional phase delay.

The more accentuated the regional wall motion
abnormality, the larger the regional phase delay.
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