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"PREXIHE (ASD) 114, Wi H—ARIT
HY, oA PHTEIZES Ok oz, VSD
o Bk, 1% (supracristal VSD) 3 {7, 117
(retrocristal VSD) 194, 1V #! (muscular VSD) 1
BT, %72, ASD 3&TZKRHPBXIATH - 7.
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(phase angle) 15 X O'ENE (amplitude) % &H L 7-.

BoNBWHE T L ofififhix, —180 0,

20 %: 6 5 (1983)
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ok~ H Ol TH 7 —FR L, B LV
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i Fourier fi#47 L, 2EAEB L UOEHEOHAJH
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5D AT E o Lk 4 o 7% [difference of
phase angle: D (phase)], & & iz, A SiRiE 6
+ 2 A% IER o W [ratio of amplitude: R (amp)]
i EDftiE WT, ERIIBT 21T - 1.

IV. X R

1. D (phase) $ & U R (amp) (2 &k % EE AR

iy

(1) D (phase) ic >\ T

Figure 1 (OB REIERE 186 26k e & LT,
LEE ORI &R & o B B U RRGEE L 72k
Aok 3. Figure 1A 13, ZE=NiHifG LM,
1B i, A={ififs &3k, 1C %, D (phase)
Offi L DB E DB ERL TV S.
FEATTLE ORAAE, WA GOk o 8
cohTHIRL, 2h #h, HIBEEREK 0.89%,
0.889 T & b, 0.1% LAT OfubRsR TH I O
DE» bhle. —7J5, D (phase) offiix, Ltk o
63/43 1> 5130/ £ TOEBNC b b ¥, +12
JEH & — TEELANIC MG L, DT O AT d £ Y
s hhwZ LAvREh. EWAICBIF5D
(phase) fli DM 3 & % OREHEfRF1X 1.745.8
BETH T

Figure 2 (= VSD H#23{#m 9 +, Eisenmenger
fbL7z 1l &ER< 226 2%4 & L T, Qp/Qs &
D (phase) fii & »B# M UG L 2 iR 20
+. D (phase) »ftiix, Qp/Qs tt7:2.0 LLF T,
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Fig. 1 Relation of ventricular phase angle to heart rate in 18 subjects with normal
cardiac functions: (1A) LV phase angle vs. heart rate; (1B) RV phase angle vs.
heart rate; (1C) Difference between LV and RV phase angles [D (phase)] vs.
heart rate. The shaded zone represents a range within mean value--standard

deviation.
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Fig. 2 Relation between D (phase) and Qp/Qs in Fig. 3 Relation between D (phase) and Pp/Ps in
patients with VSD, patients with VSD.
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Fig. 4 D (phase) in patients with normal cardiac functions, VSD and PDA. The shaded
zone represents the range within mean value+standard deviation in cases with

normal cardiac functions.

[
|Qp/@s|No.

I, |
Mean - S'D"\ 05

R (amp)

15 20

Normal 18/054-020|

11.;....

. 053

20(12/%%0 14

05!
018

380

VSD | >2.0/10

k-

<10l 1

7 LD
b

<20 4 |043-020
PDA a4

| ,2_0’ 5023-010

'2.0§4
»2.0!7

1.42-032 }
ASD

1.70-049| }

X

++

++

X X X X X X

Fig. 5 Amplitude Ratio of RV to LV [R(amp)] in patients with normal cardiac func-
tions, VSD, PDA and ASD. The shaded zone represents a range within mean
value +standard deviation in cases with normal cardiac functions.

IERHFHENICSH 52, Qp/Qs i 20 2 x % &,
18 LA E L7y, Qp/QstictkfL THIKT % 2
LAVR&ERT. Qp/Qs & D (phase) offi & dHic
3, FHBIFR¥K 0.899 TfEkRER 0.1 9 LLF TH @
B AEE® 5tz (Y=—14.3412.2X).

Figure 3 iz, |yko> VSD @ 224lic 513 %
Pp/Ps & D (phase) fii & OBI#ICBIL, Rt L 72
FEE &+, Pp/Ps 17304 LIF i3, D (phase)
Ofix, EFFGHNICH S, 04 28x % & 18
B EE Y, EFEHEICHS, Aoz ED
7z. Pp/Ps L D (phase) offi & offlicix, HHBEH
$0.693 T, fEBREE0.1% LA IcCHIEZ O H B 28
mERT.

&Hiz, Qp/Qs & Pp/Ps b 505 F Ll

T D (phase) offi ik Lo 5T &2 #H~5
to¥, SERMENT: A v, Qp/Qs & D (phase),
Pp/Ps & D (phase) icfL, zh#ho, R
B Ak, Hi#E o080 ekt L, #%hE Tk
0.10 TH Y, NIFICBWTABICE W LAVES
iz,

Wiz, VSD 5 X O PDA £&#Eicis T, Qp/Qs
W20 BUF & 2.0 PLEosiifl 2 5lic L CT/hiE%
<Y, FIEFIZ & o D (phase) o, I kU4
INEETOFGMEE, IEHBHICH T A8 & ik L7z
(Fig. 4). ASD Jfix, K, RS, H D0,
STRAMT Ry 7 2H L, I X D AEMHA
DEIE# T % 72D Z oMt SR L 7.

VSD #:ic¥3iF % D (phase) ffiix, Qp/Qs 75 2.0
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AMPLITUDE

Fig. 6 Phase and amplitude images of a 4-year-old boy with Kawasaki disease. No
cardiac lesions could be observed by cardiac catheterization and cine-angio-
cardiography.

AMPLITUDE

Fig. 7 Phase and amplitude images of a 1-year-old boy with large VSD.
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PHRSE AMPLITUDE

Fig. 8 Phase and amplitude images of a 10-month-old boy with large PDA.

Fig. 9 Types of VSD diagnosed by phase images. In a patient with VSD of type I, phase
delay is visualized mainly at RV outflow tract (left). On the other hand, in a case

with VSD of type 2, phase lag can be seen predominantly throughout body and
apex of RV (right).
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LT ol <, EF@EENICEEA 525, Qp/
Qs 73 2.0 LA E oo <, 2, FBicsmL
SEYfE 28.6 103 T, IEH I3 L, fER$E
0.1% LFCHEENED & iz, —J, Eisen-
menger {t. L 7= VSD JE {5 <%, D (phase) fifiix
—6 T, IEFRMENICALRT.

—7J5, PDA #£iz33 % D (phase) fii¥, Qp/Qs
75 2.0 LR ofEfI T, EFRGENICE £ 5 25,
Qp/Qs 73 2.0 LA EDJEFITIF, ADfEE LS LD
DEVMETHED S Az,

(2) R (amp) iz >\ T

Figure 5 (2, ASD #&» - &iflicEs ¥ 5 R
(amp) D%, FEEANCIZE LD IFERETRT.

IEHTEICH 1T 5 R (amp) offiix, 0.31 55 0.92
LR WEEFRIC A L, Z OFfiEs X O
#fmEE, 0.5440.20 Th -7z,

VSD #f Cix, Eisenmenger {b L 7 1 ffil & F& <
&, Qp/Qs DDA/ Hb 5 ¥, R (amp) fili
BIEWRHEAELEE2BO AN

PDA ftTix, @i srd v, Fric
Qp/Qs 72 2.0 ik x LT3, KE&TT LN
%<, fERFILUTT, EWNHCHLAEE S
B 7.

fit)5, ASD ffic3s1F % R (amp) ffiix, Wh
OHEGT S 1.0 LA EOB & o e il % 7% L fEBR R
0.1% LAF CIERBRICH L THE A 2B 2.

2. {IHH L UIRIEA A — 12 & 3 EMHERERT

Figure 6 ic, 4B <, LMERELELE- T
WIEWZ & DSHERR & N 72 )RR BB oLk B L O
WHEA 2 — P 2o+, PidA * =2 Tk, AW
DEEL LIS EFHERMHAONGEZTL, #E
A A=Y T, EERARB I OAELLETHE
ROWML TWsonH RS, Aflicisit 5D
(phase) ffix +3 £, R (amp) ftiix, 042 Th Y,
WEFR L IEFME 2R Lz, Qp/Qs A2 20 L F o
VSD i X O PDA SEFI T, TEFF & 13 E R
DA X = RELNT.

Figure 71z, 1B IR <, Qp/Qs4.6 »k X7
FEAEL#% & Pp/Ps 0.86 o fffiffil F4E & 775 L 7= 11
%) VSD JEFI ORI X OMRIRA A — 3 &5,

fiAHA A =T TR, BOLEE bICIIRL, HEEA
Rt L, AENMAEMAE, LR E PLice
Wichblz> TRETSOMRALA, RIEAA—T

TiX, AE2EOREHM B Shd. Ko
D (phase) (3 +43 £, R (amp) £ 0.52 TH - 7.

Figure 8 iz, Qp/Qs 7% 3.9, Pp/Ps 7 0.63 »
PDA %#H 4 %105 H B R OMAH B L OHRIE 1 #
—VERT.

PEFHA 2 = VI TR L e EEB L OIS
EL b, 1REFES LWNAHMA O &7 L, IRIEA
A =TT, ERLEEZEOREN, AZiCkL
THEHICHEALTWOMRED RS, Ao D
(phase) i3 +5 %, R (amp) iz 0.15 TH - 7.

T, VSD o, b b RIFOMEIC X
DPHIA A =Y DFEICHOWTHRE L 2.

Figure 9 »[X|/2ic (¥, Qp/Qs=2.6 » 1 % VSD
AT 5 Lg&Ro, MficE, Qp/Qs=28 0
1% VSD ol HBIRD, =hZFRpifiA A —
CHERT. 1R VSD T, AEKHEE PO
R DBIE A A 5 5 A%, 1L VSD T3, A=
LR KV EEIC T THHOBR IR ER TV S,
Figure 7 (257 L 72 o X 91, Qp/Qs as 3.0
X D &9 e KEOLEAEK A T 2IER T3,
FEE AR ONAN A D BIE S 5 A % 2 72 25, Qp/
(kmmzmdoﬁwmﬁﬁ%&ﬁf Vﬂni
plTix, 2oBick Y, AEFHEHED D ViDL
%KE,—%K&MLKUHDﬁnmménaﬁ
M h3dh - 7.

V. & 8

IR, 2 EICHIIR B R & U DI R AR
i, kLY, F—RERFEEHAVT, £
A0 4 B g, AR 2kwiv+ 5
DORFEETH Y, EALEORHEL L 0B,
FRICERR I X 2 B ERG L e b oz &
AR, b¥Fhiz, Parrish 522 O#ELr » 3
KiERL . zoMEi L LT, RECHT 5D
2H5Z L ol NRICE, B 0> 5 Eh
ﬁ%ﬁﬁétw AINR, R ERiR T, W
WHhEL, BHOA A=Y TR, EHALEEZ S
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IR LI e vy, NS, A0 R ORRE M
REREIND Z ENEL, B, AEOSHEIKEE
BT, Rl L Y, BREREZLR
3.

ZZT, bhbhud, ROERICEEL TN
ERRIC, PHRERICE 55— 7 IUE, WP AT
W, 77— i AR AT

) 1@EnigoslEeskic i, FHAE LT
99mTc-HSA #{#f L, *°™Tc-in vivo {3k MEK
BHWE -, 2oBER, BEORA, WiE
TR, LIELIERE, M~o8EB 8 <, i
DA A =V BRREBRDLZERDHEINLTH
5.

) Hr=hAFICEHMBICEL, T—4IL
13 25K E — FTITY, 2 OLERIRLAEE I,
HOHMPUHBHFHREICE VR TRV IAEILK
OREEICIE U Tt L, AL SBHPRIC/HE L
) HIBEBALE. Thbb, AELKOELN
LATIE, 1F0BE (T WA & £ L 72,

¥7-, FAEM (craniocaudal) Fajof 4,
30~50 g L TEx 52 k&L L, Bargeron %
BXBT o457 74— TW?H “hepatocla-
vicular position” |[ZJFWA A =Y HEHLN D X D
TkRLT.

3) wAFF—rETHORILLT VT4
%t LT, filter factor 10.2 #5425~ v 7° 2 A
— v S R fToe 0, T2 vaF A
A=V EFER L. R A= v S E (T2
M, MFEILOF— ¥ HEHRETET 7
VIV aF e A A=Y U TIEELT, WICRHE
LR BIEN T v MRICRET SHENEBIC L S
EEA KT 52 THS. 10.2 o filter factor
3, HHNEBICL2EBRIV 777V 3T
A A= OGN EEEEL TRES AL
DTHBHY,

THXHICLT, N, M EShT— 2o
L, 7=V =gz A v TRIF2fTok. K
HOKEIE, OFRERODE IR E#HEZ, 0
BRI (MCHHA) &, ZRMET RE)
S TEMTELMCH Y, &z, Emthl

20 %: 6 5 (1983)

PIBIC B W T, LEE RIS o R 2 B S
T DT L 7= “hypokinesis” 7 D7y, & % Wit
Pk © F 4 & fE - 7= “dysiknesis” 7 0, 2
W+ soicfAsh 5. Z ofgu, KR
WBEMRE LIGA, KIRT X ) i alicf A
EhosLBbhd. Thbb, K A
A A =TI LY, IHEBRIERE R O R 7e 5005 L
FEEPRICKFT D 2 L BNAREL 2 Y, LR
EHEOMERZR, BLUOZzoKkEE, HBiEoR
e ERBR S, MR 0WgEREEIC X 5k A
A=V T, EEAEEINGRD - IBEHOATT
OBBTICEEL TH, X 0 BRI A L 0 S
bR DX DTk D,

¥, ENRBICBWTYL, EREEAESE, f
BEAER EEERMOBERVHRIOREA S 2o,
EALDEORM A v o sl a2k 254, £V
EREAFIRIEZITH 2 LN TE, BHish 58
HWHEE L offiix, XVEEORWLO LA L2),

& o, EAmOEORL, HABECEL T,
FIREE 24 2 A 297 9 2 & 28T & 5.
ozl HROHBICKARIRETHHAE
B BNRS O Pee, FHEHRERI, A
Bl ¥ oA B3 A AT S O MLk BRI T
HE, FFiCZ ORISR O lREHEL LTE b
BTTFLRTWBEEEZOLRD.

Az vk ohi, EWANCBETFL 7 n—
NN EEADEOMAAE, AADEE IO
Bomhncoh T K+ % (Fig. 1AB).

zhuiz, Links 52 iz LA, O3k o ®nic
X0, AWK T 2 HAILRW (diastasis) A3
W oy, LDEORRL v v N ikRICE T 4L
M Plateau oI 23E < Y, PHHAOHIK
¥R LD LI TWS. 2hwz, DKo
Bl pEFIRICB W, EAOEMBAZOL
OOfEE, HEELERW. LaL, WO oMM
03, Tbb D (phase) »ffiix, Fig. 1 (Z/R
Lizk o imicifka <, —EmBEnNICH i
L, ZOEHEE, 1TL58 T, BEEANLLA
SEAARM DK & WIS S - 2. Frais 5103,
EADEZNZhOFEBNICHMIT 2 FHFE D &

¢
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®&w&®¥ﬁ1& EER&UE%&W%&L

ﬁ,%@mkkbﬁé$wﬁtiuﬁﬂgr,ﬂ
HICHBEMHANRKEDL L EHRELTVS. W
Fhict X, EFOBREER T, AR
OOAfAFENE <, o R o2 IS T
EOLOTRF L e—EREANDEEZRTLOTH
5. #hvwx, Zo D (phase) iz N5 A —4#
—L LT, fixngERICEITS, [Hx DiEFIBO
21T - 7.

VSD HB# 2B\ T i, Qp/Qs tkA12.0pL Lk,
Pp/Ps 1t 0.4 LI oosi4, D (phase) offiix 18
LA L2y, IEHBEICH T 5 G +2 B
IV LKREL, AREOAENMNMMAOREBIENED
s>h, Lad, D (phase) fliix, Qp/Qs, Pp/Ps @
L, zhzhfEOMBEEART 2 Z Lorah

fz. —f&ic, VSD <X, Qp/Qs »Hfic#i T,

Pp/Ps fili &, Wik 3 % 7=, Eikd Z & <, D (phase)
2N 285624, Qp/Qs, Pp/Ps & 412
wfiE L a3 % v, 22T, D (phase) flizx
KELFT D0, ZAH2HFDI L, EHOLM
TERATTH DI EREF LI

1) Qp/Qs & Pp/Ps offix H Wi+ 2%
BLl, ZERMBrECXY, shZFhoD
(phase) iz %t 3 2 fRAHBEfRE 2k o 2 &, NiH
CBWTHECEB REN .

2) Eisenmenger # VSD <%, Pp/Ps 73 1.2 T
b o1z b 2hvb 6 D (phase) OFIEZE 0 75
Mmoo,

3) bhvbh ofRER L7 2 4 o [N fiuE
JE (WFh 4, Pp/Ps 3060 F) icsw, D

(phase) oftiix, #hFh, +9, —1ETHY,

l‘flﬁ&jﬁé;‘f wu\ty)f&f)")t_

VI ofER# a8+ % L, D (phase) fEDHIK,

Thbb, HEMHMAZEESE 2ERE, &
LT, AR L Y AE~BH s h 281K E
LEEZLNS.
—%, Qp/Qs 2.0 Lk ko VSD JiEf T, fi
A A —icT, T8 VSD T, AEFHHES
iz, AL VSD Tk, fEESHOC, RfEE

DN DBIE 2358 B e (Fig. 9).

Xor 7oV ERICEY, HHEBMTO
EEEY 21T &, REHICVSD 2L ThH
FEN~ERH S h 2 “jet” o mix, 15 VSD T3,
+F, ThbbiElEg~, T8 VSD T, T,
Fbb, AEEBHHLOR~E»D Z EHEL
Rooh, HELOLFERHKROZ E2HEHBLTWD
BB ohikiA 2 —VizE T 5 HEN T OREED
PAHDBIEE, AEE X VAT D “jet” o K,
Z OERKMITIC X 5 AENMFEHBIE0E(L &
FLTWS b0 EEZLN, BKEN. SREOKR
Ao, ERILPC, £z, Qp/Qs HAs2.0 BL
e hERELEBRNEVWIRELDH DD
Fik, EEALOHRIZ XY, X VERIC VSD
OhBEEZZHLES LYk LBbh, 5%0
BEIWFFENS.

VSD L8R % B 280z, PDA % ASD 8
FF o0, KicEARBLARMIcB VT,
EAERENZVEAICE, 2608, &
BCiwv. &0 bir, PDA L 0NN T,
TE7, B XHRE, OEN, Lxa-—RAaET
BRI, kIS, LB T —F VRE, O
MAEER e £ OB HHEICHS &2 2850w
LY, LIZLIERBRTS.

Z oMUz L T D (phase) # X % R (amp) &

LRREHER = k4 % &, D (phase) fii iz B
LTt Fig. 4 ic5R L7k 9ic, PDA T, Qp/
Qs 20 LV KTH->T b, F 7 iEiEEz
BLTY, VSD Li3fay, AEMEMA ORE
BRI h-Te. Zhix, PDA T, A=
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Summary

Fourier Analysis of Multi-gated Blood-pool Data in Patients
with Congenital Heart Disease

—(1) Assessment of Disease with Left to Right Shunt,
Especially Ventricular Septal Defect—

Kan TAKEDA*, Hisato MAEDA*, Nobuo YAMAGUCHI*, Kazuyoshi NAKAMURA*,
Tsuyoshi NAKAGAWA*, Mitsuo TAGUCHI*, Minoru SAKURAI** and Kenzo AoKr***

* Department of Radiology
** Department of Pediatrics, Mie University School of Medicine
*** Department of Pediatrics, Matsusaka Municipal Hospital

The ventricular emptying performance in pa-
tients with congenital heart disease with left to
right (L-to-R) shunt was investigated by temporal
Fourier analysis of multi-gated cardiac blood-pool
data. Functional images are constructed with
parameters of each pixel’s phase angle and am-
plitude at fundamental frequency. Using global
time-activity curves of both ventricles, phase angle
and amplitude of left and right ventricles (LV and
RV) were computed. Values of interventricular
phase difference [D (phase)] and amplitude ratio
of RV to LV [R (amp)] were calculated in in-
dividual cases.

In 18 subjects with normal cardiac function,
mean (+standard deviation) values of D (phase)
was 1.74+5.8 degree and that of R (amp) was
0.544-0.20, respectively regardless of heart rate.
In 22 patients of ventricular septal defect (VSD)
with L-to-R shunt, D (phase) became larger in
proportion to the ratio of pulmonary to systemic

blood flow (Qp/Qs) (r=0.899, p<0.001). Espe-
cially, in those with large L-to-R shunt (Qp/
Qs >2.0), significant RV phase lag over 18 degrees
was recognized and types of VSD might be pos-
sible to be differenciated by phase images. In 9
patients with patent ductus arteriosus (PDA),
no RV phase delay was seen.

Mean value of R (amp) was considerably smaller
in patients with PDA and significantly larger in
11 patients with atrial septal defect (ASD), as
compared with that of subjects with normal
cardiac functions. However, cases with VSD took
the values within normal range.

This method is highly valuable for pathophysi-
ologic investigation and differential diagnosis of
congenital heart disease with L-to-R shunt.

Key words: multi-gated blood-pool data,
Fourier analysis, congenital heart disease, left-
to-right shunt.
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