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B0 7 — ) BRI O\ T, 7F— & INgER
D7 —F 53 (ER RR FHROEIR), INER
M, IHERLMEE OREEE, B X CERHAE (EF),
R R A -V ), REARE LI X 5 AR

DFH, A, RIBICRETRELRTT 2720,

V3iav—varvEffolz. TDT7u—F¥—F
n—¥% Fig. 1,2 12573,
1. FHRHEEA=AEKO B—RsTRED L
REL-%E
DEAO 1 BEFEiCB1T 5 RE—HU iR 7
bLAEMRA=AEKTELTES LREL,

read initial
values;N,DL,T

XS(K)e(XG(K-])+2*XG(K)J
smoogbing" +XG(K+1))/4

@ <|—{FOURIER TRARSFORM}—<AT0) A B(1)
Phase=arctan(B(1)/A(1))

Phase
Amp=SQR(lA(1 )*A(1)+B(1)*B(1)) I——I&pl}ud\el

PH(I) < Phase
AMP(1 )<= Amp
DC(1) «DC

calculate

mean and S.D. of
DC(I),PH(I),AMP(1)

END

Fig. 1 Flow chart for the simulation of volume curves
and Fourier transform. The programs are
written using BASIC. Abbreviations are shown
in the text.
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EFhz

X (K)=(A » cos (27 K/N—Dyg)+Dg) + T-++--(1)
LR IEL, ARIEMRE (1 v MNESR), De
RERRKSY (7> MER), NiZT—Z RV b
B, (7 v— /D), Do i3fitE o Bh (%), Kix
05 N-1 Bk, TiXIER (4) T 5.
BiE A LHEFERS De offilx, BRI LEX
Rk cl6E 0 L 105 T L EEHY 200
Byy MRETSHELT

A=5X16/N--eeeereeeennns )

Do=15X16/N-eeeeeene 3)
Ll vibb, 14T 1EREO RO
HAERH (ED) o v v hicxtint 3 X(K) 0
KIEZ 20 272 b, UHEERW (ES) o v v Mawt

a) subroutine NORM. RND.

RND. function
R1,R2

1< Sigma*SQR(-Z*]oq(Rl))*cos(Z*PI*(RZ))1
+ Mean

XG(K) «— 7

(eturn)

b) subroutine FOURIER TRANSFORM

A(0)<A(0)+XG(K)
KO <= K0+1

A(1)«A(1)+XG(K) *cos (2*PT*K/N)
B(1)«B(1)+XG(K)*sin(2*PI*K/N)
K1 — K1+

Fig. 2 Flow charts of the subroutine program for the
generation of random number (a) and Fourier
transform (b).
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a:JX (K) .......................................... (4)
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BEOB#HRT — 7 12 BOBDOHBEY X (K), EER
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DF—# Xg(K) iconWT7— ) = F#r T L,
ZO7 =) BB I ROEETE Xr (K) LT
5,

—A©) vcos2TK 27K
Xr(K) 2 +A(1)-cos N +B(1) S
_2% 27K
A(l)= N 2 Xg (K) cos?
_ 2% . 27K
B(1)= N & Xg (K) LB 5)

L72%. LT A, B() » b EXRE 0 IRIE
(Amp) B X UNIAE (Ph) BKRRic k- THESH
5.

Amp=1/AZ(1)F B2 (1) -eoeeeerererncreennrennnns 6)

Ph=arctan (B (1)/A (1)) ccveeveevnvrorseeaennannns @)

—EN N, Dy, TOEZHANT @ »6 (1) %
ToOFEL SOEHEYIRL, Amp, Ph 0FH{E L
SD #R®7z. Bz o —Pr 7%, £71—
ACRBITBEEZOBBOEEZ 1:2:1 OHTH
HBEGL, 2=V v I B%OERMBROME Xs(K)
LT
Xe(K)=Xea(K—1)+2+Xa(K)+Xa(K+1))/4:-:(8)
AWk,

EF [EA(ItHIC 5 % 52 &I oW TiX, Do+A

=20 L, Dp=229° (04 75v), T=10 %
7212432 LT, EF # 0.1 5 09 &k
Tl EOEBERM L.
2. FHHBHBIA=ABEBKOARTRDOED LR
EL-EE

EERO SRR — A IERIIR R L, FEXN
HRLOTH B, Thil, IRHOR S AL,
WIRICRIETHEBLRIT 5720, IHEH L IR
R BH0 2 o0=AEKOTE LTEL
. Thbb, BAREMGROBEKEL 100, F/ME
#40L L, BhLnB7L—sk M) BH L
T5L, ERBBROEXK) L,

Int (70+30-cos (xK/M))
K=0,1,..., M

Int (70—30-cos (z (K—M)/(16—M))
K=M+1, ..., 15ccceeeeeees ©)

LRFTILNTEB. ZOHT—ZiconwTM

DEZELESET7 — ) = BB 2TV, SARED

Bl & 2z,

REARDALAE, RiIBICH 2 28X, ROXD
K LTHRA L. EFREODHALTERY p:q 0F
ATRET S LREL, FHEBROKKMEE 100,
B/MEZ 40, REROB#E*ER LB T h o
11/16 & L7z, L TRERY St AHEMR X
K) zxrXTEHX .

r (K)=Int (p+Ng (K)+f-q-Ag (K))

Ng (K)=30-cos 2z K/16)+70

Ar (K)=30-cos 2z K/11)+70

X (K)= J

p+q=1
f_{l, K=0,1,...,10
0, K=11,12,...,15 eeeevrmnninrecnnnnn (10

ZZiz, Np(K) BXT ArK) XN ZFNIEHFL
BB LUOREROBHEMMR T H 5. 0 Xr (K)
ZONWT7— ) = BH|EBITL, FNEROBAD
EEIT X B0, RECLEBZ RN L. F7-:0
PR FEFI THA T B AR O BB Gz > T
[k D Al & 1T - 72.
V3iav—VvaVviREKESET — ¥ AEEE VIP
460 (Ohio-Nuclear #:#) 3 X U8 PC-8800 (NEC)
FRAWTITY, 7r 2 L E5EIX BASIC A
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counts/pixel
ry
=t

Oo= 22.4% ,

B. T=10O

s 10 1z 14 16 frame

2% , FHAZE= Z1.037vS

200

100

counts/pixel

R

10 1z 14 1% frame

DC= 155.875 , AMP= 52.9293 , PHASE= 21.8382

Fig. 3 Examples of simulated volume curves.
(B) T=10 min., D5,=22.9°, N=16 frames.

L7-. BHEh RSB X O HFRITEYE, £SD
THRRLI.

. & =2

ER L - AR OB T — 2 L, 7V —=%&
BTRD b I EFRRS + EARE RS 2 bR BT
Tl OFI% Fig. 31T/ Lz, ZofITIEN=16
Ju—5, Dp=229° b L, FB:ic T=24y, F
Biz T=10 5y 0FEE R LI, £5 — FIXER
BlLRBEDCHAEBI L Al LN TE .

Fig. 4 1ZUVEREZ T=10 4y, (AHOBELZ

(A) T=2 min., D5, =22.9°, N=16 frames

DL=22.9° icEEL, F—%&E¥*% N=8, 16, 32,
647 v — L LEBLEETERIC, 7—YVZEWHRT
ko bhahiE, REEZRLTWS. RE#E =
L=V v T T vk & ORIEOFHEEHAR
ToRTHEREICEL, BEX2UUATHY, AL
HOEGEOREIHERME 1.3 INL ERET D
ofc. —%, KHEER L—Y v 72T 5 LIRE
I3BNEES R, N=16 7L — 240 b SHBRED
Y Lo, EeRAbA—Vr itk Y, N=32,
64 7 L— LD L X IAIT 2° RNOBETH -
7S, N=16 7 v —ArnL £ 13 BHE +14°
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@ before temporal smoothing
O after temporal smoothing

100+ %

50} +

Amplitude (counts/pixel)

\é‘
Qe
@.
~ 40} {, (}
g
Z 30}
I S S T
2 20}
o
10}
8 16 32 64

No. of datapoints

Fig. 4 Effect of the number of datapoints on ampli-
tude and phase. Solid circle (@): calculated
from original data. Open circle (O): calculated
from data after temporal smoothing.

N=87vL—bsnL &t +18° DB®ELLEL, SD
b LAKREL Bote. FF—F BBV
LEIX, RAA-VUVIOREBERIRTVI LN
I i,

Fig. 513, N=16 7 L — 14, Dp=22.9° LEE
L, IEREE T=10, 5, 2, 1 &y (T bLER
PR 0B AME 7 h2h 200, 100, 40, 20 3 ¥
v MERICHET 2) LELT IR EORIESR
X OO HERREEZTRLTVWS, RA—Vv )
BT avwe &, RIEMEX T=10,5,2,1 5323 L
T, FHhZFh 50.844.6, 26029, 10.5+1.8, 5.2
+1.4 » v v MEREERECLWNMEL 25 72,
DA IR R D e 1 B LRI KR EL &2
v, T=10 4Tt =5° ® SD Th o723, @E
DB I 2T —FINEORF L E X b h

60
3 @ before temporal smoothing
E 50 Q after temporal smoothing e
S -
€ 40 -~
3 ’t
o 2
o -
= 30 -
o .
o -
= -
3 2 g
=
z 10 k3

e

40 %
2 30
S
- 20 {
2
(-9

10

1 2 5 10

Data acquisition time (min.)

Fig. 5 Effect of data acquisition time on amplitude
and phase before and after temporal smooth-
ing.

31718 T=2 WL 1 HTixzh Eh £10°

+15° » SD Tholz. WERHEORICINT
b, BElEiR A—P v 72175 LIREERZBD L,
RIARME b ERRIE 2 S BN D A ED b h e,

INEWNAEDOTHh 2 ERICFHMETE 2 08B0 %
B+ 2HBT, N=16 7v—ux, T=10 &y ic[H
21, Dr=45,22.5,11.3, 5.6, 0° L (LS 18
Bic7— Y =EHBTRD bh 3 HLMAfEZ Fig. 61
T Lz, BEER A—D v T e anT—2 T
BT L AHEOESE O BEX £5° N TH
Y, DL=5.6° THLEMICFHEShZZ. L2LX
A=V v TR, DL=56° 0L EHEK
T +21° OEAFESDH Y, B LA—D S
MEIC X VERE»S OBRELKES B Z LM
rEIhi.

EF fEXNAHO RS 5 % 3 &k Fig. 7 125w
L7eZ¢<, EF0ETELbiIZ SD X REL &
v, EF=70% 0 & %t T=10 4y T24+3°, T=2
H5T24+10° TH o7’ EF=109, 0D L &3 T=
10 43T 31420°, T=2 43T 17445° [z L=,

BRROIEHORSXLE 1 AflicE» 3
B4 LAFAOBRE Fig. 8 1R Liz. X%
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6 before temporal smoothing

50 | é after temporal smoothing
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Calculated value of phase (deg.)

20

10 20 30 40

Original value of phase (deg.)

Fig. 6 Relations of original and calculated values of
phase before and after temporal smoothing.
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Ejection Fraction

LTl TP e gmpmpeeys S

Fig. 7 Effect of ejection fraction on amplitude and
phase. (@) T=10, (o) T=2

sine curve NOPSIILARIE =0° L EREICEiE h
50, HERHIO LD 2EEREMT 2icoh T,
PLARIE X EBE O F MR O BRREDALAE 0° 5
XTh, 109 OBEMTH 20° AR+ 5 Z &
P57, ERLEEISMEORBREBDOND
X5 LLHAOREBENREROEBAOCKEESL
5L, Fig. 9 2R+ & SARBIRBEMT 512

20415 (1983)

Length of diastolic phase (%) ‘
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-10
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g -30

-

E =40

(-9
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Fig. 8 Effect of the length of diastole on the phase.

100 ¢
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40
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Frequency of arrhythmia (%)

Fig. 9 Effect of arrhythmia on amplitude and phase.

Sh TIRBMEZ/NE L, fMEERAKE S H
7z. F30%DORENRISEA L2BE DIEREIRE
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% L, Fig 10 R+ X 9 iREE R /NS < 3
Eh, MAEEZZOEBMROBICE YV EET
AIZRAL LTz,

Iv. & x=

7—) =B HIH 5 AHE L OEROREKE ®
DA AR L T 5 EARERS L T oERK
REIDFL LTEFT B LW RFENFHETH 3.
Phase analysis?13~16) {, ZDEHD 1 2 THh 5 723,

Presented by Medical*Online



DERRHIL 7 -y v F 5T 7 4 2 Fwic functional imaging iz & 2 DM$REFFAM (D

1o 1z 14

100 357
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*
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.

IS
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4

5 =0

=]

g

z 4 3
D= é6.25 , AMP= 21.7302 ,
100 3T

T .
>

o

~

n

€ =

S 50

(]

o

14 frame
PHASE=-42.4717
1o 1z 14 1 frame

z a4 &

OC= S1.735 , AMP= 11.312 ,

PHAZE= 25,6295

Fig. 10 Two examples of volume curves with arrhythmia.
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Summary

Assessment of Cardiac Performance by Functional Imaging of Gated Blood Poo!
Scintigram (I): A Simulation Study on Fourier Analysis of Volume Curve

Ken’ichi NAKAJIMA

Department of Nuclear Medicine, Schoo! of Medicine,
Kanazawa University, Kanazawa

A simulation program was developed to assess
the accuracy and validity of Fourier analysis in
gated blood pool scintigraphy. Volume curves
were simulated using sinusoidal function and sta-
tistical variations were added on them. Then phase
and amplitude were calculated in each volume
curve and compared with theoretical value. The
number of datapoints during data acquisition did
not affect the value of phase but data acquisition
time did largely. Sixteen frames per cardiac cycle
and short data acquisition time such as in stress
study can provide reliable values of phase and

amplitude. Low ejection fraction caused larger
statistical variation. Temporal smoothing of
volume curve was inadequate. In simulation of
arrhythmia, phase was overestimated or underest-
imated according to the patterns of volume curves.
In the assessment of cardiac function with
functional images, it is important to take into
account that above-mentioned factors affect the
values of phase and amplitude.

Key words: Fourier analysis, Volume curve,
Gated blood pool study, Functional image.
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