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Clinical usefulness of
RI angiography using
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phase image by Fourier
analysis for the detec-
tion of anteroseptal
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In 19 patients with anteroseptal myocardial infarction, the wall motion of interventricular sep-
tum was analyzed by RI angiography using the amplitude image and the phase image. Both images
were obtained from ECG gated blood pool data by Fourier analysis. Namely, from the first harmonic
in the Fourier series, the heart motion was detected as the amplitude and phase of time-activity curve
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in each pixel. The distribution of the amplitudes and phases were displayed in color scale, and then
both the amplitude and phase images were acquired.

Those images allowed us visualization of the ischemic area, even if the scar was parallel to the
detector. Moreover, we were able to assess the wall motion of the entire interventricular septum and
to distinguish hypokinetic region and dyskinetic region from the hypokinetic region with shift of
phase estimated by conventional method. Abnormal region detected by those images closely corre-
sponded with the region of decreased radioisotope concentration in thallium-201 myocardial scintigram.

Key words
Fourier analysis
myocardial infarction
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T, TRIRESfEIE~ o radioisotope (RI) #fH
W BEFREOBARI HEE LV LN b
Y, FICRmACRE DI BmMM L REE L LT
E<RAvWbh3EmICHS. LbiF Ry
AINT A5 74— (RIACG) 3y v Fh 25
LA USACTERELLI=a L Ea—F L3
HEDEZZEICEY, LHENKE 2 IFERE B
FOMERGME L LTORTIER L, 32574 %
FvATBHZLELARELR Y, ZThLERAWTE
D B RPTREEB) ORI AR RE & 72 o 7z

L2L, ZonkH%k fEko 5kt RIACG
BREOEN B, Thbb OB Sk
CEHABLEVWIRMETMEAL TS Lizn
RV, ZZ TEMETIE, EHE~LF5—
HBIZX YIRE LIz7 —# % Fourier 2#f L, am-
plitude image & phase image %783, Goris
N7uy 7 LER, BEERREEORCHEE
By OFEMIC 1) 5 F A ERE LTz

fERI & ik

FEGNIZER X b ATBEHREEE L 27 L, thal-
lium-201 (T1-201) LM S v F 275 L1012 BT
b, FERIC XBEEDIIFITHY, 0B
2HIITREAEE %, 73 HlaEMBEE S
LTz,

EREB v F # 25 (Ohio Nuclear 3
410S) LA 5 4 o THESE L RI 57— » juig

B (Informatek Simis 3) <& 5.

T1-201 v 7 5 7 4 — iz, TI-201
chloride 2 mCi #3410 3£ X VEE DL 6F
wM(Em, Z#IFHEL 30 B, 455, 60 &, A,
ARFMLI0E)ICT, Yo Fh AT IRIETFLX
— BT 2 2 — 2 —2EEL, 1 HAd
Y 30FTH T TR L.

0 z o
Fig. 1. Fourier analysis of the left ventricular
curve with 16 points.

The first Fourier element best fits into the regional
time-activity curve (dotted line). The amplitude cor-
responds to the extent of contraction. The phase
yields information about the coordination of the con-
traction. (Modification from the scheme by Adam?).

FA=amplitude; PH=phase.
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Fig. 2. Example of the first Fourier element of the regional time-activity curve.

Hypokinetic region (pink) has smaller amplitude than normokinetic region (blue). Dyskinetic
region (yellow) shows not only smaller amplitude but also a phase shift as compared with normo-

kinetic region.

RIACG 1z TC-9m ¢t rjE7r73 v 20
mCi &, L7 — 0 REIC CTLERE?
HIBRIC O BETE B ARRBLT, YU Fh A TICHE
BIEFAT= Y 2 —F— 23K L, v AF¥— bk
WL BT —2IUEE fToT. F— 2 UEH kI,
WRT + A7 LB RO REE MY F—E LT,
R-R [#kaE % 16 4> L, 300-500 M #hnki4 3
LIk VITolkk. T »F — & % time-space
filter I 7 TR 6= > 7" #4TVy, i< Fourier
filter & THHT 24TV, F— ZAUELICEH L7,

Ao, Adam 50 30EIHE O JERITE
RO EBR L H/e L, Fourier fi#fr+2% 2
EWIHFERLICZEIREEES. Thbb, HHEE
pixel = L o time-activity curve (TAC) #%
Fourier f#frL, Zo—RKEFEKY 2552 &
Xy, DEOHBES 2IRIE (amplitude) L fif
il (phase) LD 20D RF X =2 TLEHZBH T

L &WEic L7 (Fig. 1).
" B{kfY7e amplitude & phase msk®HiZk=
DIETHLNS.

Fr(f) = glf(t)g—zzimm

Il

ﬁl f(t)[cos 2zKt/N

—1isin 2zKt/N)]
B BB oR 7 P AR E LTE
bEhTws., bbb, EEE Re(f) 1%

Ru(f) = & f(0) cos 2zK/N)
<Hy, B L) @
Ix(f) = 3 f(¢) sin 2Kt/N)

TdHb. Licdio>T, amplitude i
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Ax(f) = Re(f )2+ (f)P)V?
T& Y, phase |
Py(f) = arctangent (Ix(f)/Rx(f))
Tﬁbéﬂé TeiiL, Fi(f) gk Kics
5% f % Fourier BRI b 0. %l
iz i?—j- pixel 12313 % TAC # Fourier JEFIL
r—KEREERT. t 37 L— A%, ) &
tFHOZ7 v—n0n v M, K 3EEER &
WF9E TiE—RE AR 04 2R, FEEIC O
» 1/60, N @3&4 > 7 A%k (B0 T3 16) 2%
5.
Fig. 2 o535, hypokinetic region, dys-
kinetic region 281} 5, FBOBDOD HFFF TO
TAC # Fourier fi## U7z —kE ik oK &

1 005 od9 oi3 ol

R Thabb, i L, hypokinetic re-
gion Tt amplitude DOEDORER D, dys-
kinetic region Tix amplitude o> & phase
@ﬂﬂc A7z,

124 pixel =t o TAC #% Fourier fighr

L5 5 M 7z amplitude & phase icowTEhE
WHF—RFTHIEITLDY,
L phase image 251 5.

amplitude image

] ES

Fig. 3\ (il OFLARA M & UNHEAI 0 22230
BEL), ERE8-HEILLGBGELE), Th
b o JmpTile TAC (FF) & EE2fko TAC
(£F) &-d. ZoffTia4gEso TAC i phase

Fig. 3. Edge display, global and regional time-activity curves of the left ventricle in a

normal case.

Edge display of the left ventricle at end-systole superimposing the end-diastolic image (upper
left). Global left ventricular time-activity curve (lower left). Eight segments of the left ventricle

(upper right) and regional time-activity curves of them (lower right).
Note that there is no phase shift among the eight regional time-activity curves.
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Fig. 4 13 Fig. 3 tF—flokchbs. £Lic
amplitude image, #5_|-iC phase image %, &5
IZETFI2ix phase & = k75 4 (ffdilix phase
DFEE, fhiE pixel $) &, A TFICE iso-
counter &\ T, JLEEARMIHG OKE) & IRHERI
% (&) 2R Y. EWRON 7 — 27— VEFPDL
B (F2 6 )~ 9 IZfEyy, amplitude image T
1% amplitude A3kK7 % Z & %, ¥ 7z phase image

Fourier fif#7ic X % B fRHEZE Okt

Tt phase BB Z L& BT 5. fEEEIT
i3 amplitude DK & 2EITEELEITHMM
L, EZERNIC amplitude DK TFEIFERD I T,
¥ 72A% I amplitude OKA BEIIRD SN
ol

—75, phase image TILLEIIWE & b ICHRE
TR EN, WEEICHFTHYZ: phase o shift i1
Bobhnhrofk. EXAMSFATRLERRKEL
[>% @ phase D434 13— T - 7z. Isocounter
Ik ZEEEBIFOR T, EZEOIEEIRIFTHS
ZEdR&EhT.

Fig. 5 EH 5 » T1-201 Oy v F7 5 o

Fig. 4. The amplitude image, phase image, phase histogram and edge display of the same

case in Fig. 3.

In color scale, the white indicates high amplitude in amplitude image and large phase shift in
phase image, while the blue indicates low amplitude and small phase shift. Amplitude image (upper
left) demonstrates good contraction in the left ventricular area.

Phase image (upper right) shows good coordination of the contraction in both ventricles. Phase
histogram (lower left) is constructed with phase in degrees on the abscissa, and number of pixels
within 3° range on the ordinate (green column: the ventricles, pink column: the atria and large ves-
seles). Comparison of end-diastolic and end-systolic contours (lower right) provides information con-

cerning normal myocardial wall motion.
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Fig. 5. Thallium-201 myocardial image in Case 5.
Note the relatively decreased radioisotope concentration in anteroseptal region.
ANT =anterior projection; LAO=Ileft anterior oblique projection; RAO=right anterior oblique

projection; L'T. LAT =left lateral projection.

THdH, HiBELPREIC RSO KT ZED
1z,
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Fig. 6. Edge display, global and regional time activity curves of left ventricle in Case 5.

Edge display shows akinesis of septoapical region (upper left). Global left ventricular ejection frac-
tion is decreased (lower left, 36%). Regional time-activity curves of the septoapical segment show
decrement of amplitude and delay of contraction (lower right).

48T Fra iz, Isocounter 12X %EEETHER
TRTHE, DA O SRR e LIAEIC 28
HasEe, $RIfy7: dyskinesis #Fwic. F7c
phase ®kt 2 k7 5 4 Tix phase DAHUT—JE
EHThoTC.

Fig. 9 i3 5 18 onifhE ks HEER TH 5.
Amplitude image Tix, HFEH HOREO am-
plitude KT & FBH A3, phase image TiZ
phase o shift 1372 <, L7223 > THIES 5O0RHE
» hypokinesis 25REMe Sz, 7z, isocounter
2k BEEEFE R T, DRI akinesis &FE
»7z. L2 L phase ot = b7 AT 2H
D —7 &, phase OHFHHD LIRIENT &
DRI S Tz

Table 1 219 f5jo> T1-201 LMy v F7 7 4
DEFIEME To KIBEAL & amplitude image,

phase image #ILELE L HILLDTHS.

Oy v F 7 7 AoXKEEHM L amplitude ©
[EFEpI34f Tk { —% L7<A%, amplitude D{f
FTEOIE D BIEWEMICSH Y, EEEEMET T
3 L L bic, amplitude K7 BERAAEEICHHL
FBIEEAK LA 72, —J5, phase o shift
L RAREAL 19 pirh 17 il c—B L, e hrfEEsE
g8 FREAHEAPHI TRL Y ZOomEBEEIKR LR D
i H - 7.

% z=
Fourier fE#r iz & Dk 54 ARIBEKLER -

72 JEik %k o sine curve & cosine curve AT
LDTERBT 52 EMNTE, fHx OFBEEEAE
o amplitude & phase X VHEEIND L)
Bt TH BY. o DEIUE O A
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Fig. 7. The amplitude image, phase image, phase histogram and edge display in Case 5.
The amplitude image (upper left) demonstrates small amplitude of the left ventricular septoapical
region and the phase image (upper right) shows phase shift of the same region. The phase distribu-
tion shows the dyskinetic region (brown) with delay of 90° (lower left).
Edge display shows akinesis of septoapical segment (lower right).
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Fig. 8. The amplitude image, phase image, phase histogram and edge display in Case 13.
The amplitude image (upper left) shows markedly decreased amplitude of the left ventricular area.

The region of maximal amplitude shifts to the right ventricle and atria. The phase image demonstrates

remarkable phase shift (about 180° delay) in lateral segment and moderate phase shift (about 100”

delay) in apical segment. Phase histogram (lower left) shows broad distribution of phase in the left

ventricular area (from 100° to 290°). Edge display shows systolic bulge of the lateral wall and akinesis
of the apical segment. This patient is a case of extensive anterior and high lateral infarction with

a giant left ventricular aneurysm.
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Fig. 9. The aplitude image, phase image, phase histogram and edge display in Case 18.
The amplitude image demonstrates hypokinesis of septal region (upper left) and the phase image
shows no phase delay in the left ventricular area (upper right). But the phase histogram shows a double-
peaked distribution around 100° in the left ventricle (lower left). Edge display shows akinesis of the

apical segment (lower right).
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Table 1. Comparison of thallium-201 myocardial scintigram, amplitude image and phase
image

Age Sex ™TISCINTIGRAM  AMPLITUDE IMAGE  PHASE IMAGE W Age Sex ™TISCINTIGRAM  AMPLITUDE IMAGE  PHASE IMAGE
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= O (& w=v O O
e Q (9D G weow O o

The white part in myocardial image shows a region of decreased radioisotope concentration. The
shaded area in amplitude image indicates the region with large amplitude and in phase image shows
the part with phase shift.

*. complicated with high lateral infarction; **: complicated with inferior infarction.

of amplitude image and phase image by Fourier 5) Toyama H, Iio M: Moving image system. Jpn
analysis. Jpn J Nucl Med 18: 724, 1981 J Clin Med 37: 93, 1979 (in Japanese)
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