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gak EE*™ B R
-\ljéﬁs***
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#®OBKERY M
B EW* HE R
FIE Fofc** R RESC

fRR*

EE RI<AFF— MOMGES—VEE VB, EZLEBIVERI LOSRMEE 7 —) 2BKH

CTEEILz. Th i ) EZ0BRHE (EF), IWHERH % TR (TES), B KBEHEE (PER), PER £ T
OIS (TPE), EAFEwi#EE (PFR), PFR ¥ TORH (TPF) 2HH L7, - BORBOOKEIERLY,
3onfifHDIEAS Y (TES (SD), TPE (SD), TPF (SD)) %157/, &bIIIEE% SEHLTERTh DA
bRz, UEofsErTic, LFEEIOFA2 SRS ER2FLBEASHZHRL LT, EX
BB O FRAVGIHE LT >72. PFR 3R LB FEESBEL, sensitivity 919, specificity 1009{ T - 7z.
KWT PER (647, 887¢), TPF (SD) (687, 83%) b BRVWEBWISE £R Lic. SAAEAMDIES VX, L
HEMETHRICHMEEZRL, asynchrony OEENFREN. 77—V 2EKELERE, B#ELOKER S
W, IFEHEIREMOREL MM L THIBTE 3 5L LT, RO ORBOFECERTH o .

L [ZL&Iz

TNF T = MEDIIR S — A A=V T,
I < VIR LOBRER FIMBICE 2 kL L
T, TG FHENTERLY?, BohEHGEN T
CENERTHBDIZ, ava—FOxtHRL
Y RTL, BfEE TESEHE M, FEo 7
TYIvaFg A=Y bERERTE RS,
RO TR, W & ORI Eih#RE 77—y =
—IRZHE UTHRIE L AR & R B, AL A0 A 4T 5
(phase analysis) 4 RA 5N, EELLZFDHF
BAHEEHRELTERLT,

¥ RER R R E R
* Al HE=AF
o EHERRE AR
=t 574118 11H
BIEFEZ AT 1 584 1 B 20H
RIRIFER S © AR A X 2RI RET 54 (@ 606)
IR FEFI BRI E SR
E K E B

LALads, 7—Y = 1 RELE BT
LR+ THY, RIFLIMMHED2o00IEEL
»ELRAEW. 22 T7—Y EREHEZHAWT
BT OREZ HIF 510k L bic, INHEY, %
REIOEELABEL THiIH L. £ EZ2ED
FREHRS 7— ) 2R AV CREOEREE A
HLiZz, 2o LWEEZHVWT, EZERBIT
EZRFTOBEES % EEMICITHE L 7z. R4 E
2, ZOHLWETEEZ BEOREBICEAL,
FoRRAMERM Lo cliE+ 5.

. M&REFE

1. ¥ %

M, DIERD 5 DERB ORI T & TR
A 841 (N &, EEINRERICT 75% MU EoRk
AT 3 EOAELEE (CAD £) 22 flog 30
Fle Liz. CAD #iZ, XBREREZEE CHL M A
BEGHRFELEES Wb 0% CAD 13, ESES)
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RO 3L HEEN % CAD 2 B2/ L 72
CAD 2 g o 10 flid FEEREZE 4 ], RiTBEFEIE 6 {1
Thoiz. CAD 1 #Tix, EER—HIFE N6
B, 2~3EIREN 6 Th oz, BB LEMEI
g, ERRTRENRE A T ERIZERS L7z,

2. F—R%E

99mTcO4~ 20 mCi FE T TR BRI 2
T, 10 3Ll EfEE U 72 B iaetE <,  ZERTRMEZ
35~45°, Rz 10~15° Al & & 7= modified
LAO ofiifBX Y, NA=z ) A—2&EE Ly
V=<7 #*F (Searle; Pho/Gamma LFOV) #% FE#E
L, RERFICTAY T4 Tt LicT — & L
38 (DEC; PDP 11/60) iz Iv4E L7z, INEHkE~
NFHF— R NETTZL—AE— KAV, —DEE
25% 51, 300~500 OMEEME L. Zhic X
VELRILIEES v v M EE, 700~1200 F 4
TV NTHB. I BEHLED +£100 msec &
M 7eT — 2 EBRI LI L 7z,

Fundamental Harmonics

100

20 3 3 (1983)

3. F—2um
E VG EIFE L, 32X32 EFEICER L.
TRIZEXY—HEFED # v v b B 400~600 7 v
YM7Vv—uTHBY. FEROEFEMHE 7 —
Y = 2 REGELUS TELERR & B L7c. Znisih
BoElicix, 25 7 v—2% RR EBAEICL S
BEDODIEN 20~23 7 L—Lh IEPORMGRE L
e
BohEpdi#E v, Fig. 1 IRTZE<L
To 6o EELREMEL, ZoKESMMK (func-
tional image) #{ERK L 7=.
1. EF (ejection fraction) : stroke volume @
FHxE (o)
2. TES (time to end-systole): IN#ER I = T D
fi] (msec)
3. PER (peak ejection rate) : fr RKERHEE
(EDV/sec)
4. TPE (time to peak ejection): R 2> & & K ERH
(PER) % T OREfH

Multiple Harmonics

Amp

|
ft— —
|

Phase

L JTTPF
TES

Fig. 1 The left ventricular time-activity curves and the fitted curves by first harmonic
sine wave and higher order harmonic wave. Curve fitting is more accurate and
various parameters can be obtained from the higher order harmonics.
Amp=amplitude; EF=ejection fraction; TES=time to end-systole; PER =peak
ejection rate; TEP=time to peak ejection; PFR =peak filling rate; and TPF=

time to peak filling.
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1
2
RV 3 LV

VO [~ |00

4

2,3: septal
4,5: apical
6,7: lateral

Fig. 2 The left ventricle is divided into 8 subsegments.
Regions 2 and 3 represent the anteroseptal
segment, 4 and 5 the apical segment, and 6 and
7 the posterolateral segment.

(msec)
D IRK TR EE
(EDV/sec)
6. TPF (time to peak filling): IR&EAR LD bR K
K7 (PFR) £ ©
D (msec)

FEELEBIVOEEY Fig.2 02k, 8
SENL I EERFTOERRY 7 — ) =IERI21T
v, 2.4. 6 03 oDfIMEREH L. Z0HA,
ERXeAoRgRMHIE 7 — Y = 3 KRIEELE, £
FRFTOREMAT 7 — ) = 2 KRB ZFNT
IR AR 2 5 7.

ZNEHOREH ORI HEE TR Lz, &
BUNHE O W[4 (asynchrony) & 2 5 721,
TES, TPE, TPF »4 functional image X Y £
WNORHENE 2 b 7T A RERL, ZOBUER
7 (SD) #% asynchrony m5fE L L7-®. SD 11LL
BIDHE™? it vy, LEHE 360° & L T ER
(degree) THER LIz,

8 /yHiF R (Fig. 2) T, KBRSEREL D
Eh D D 2-7 segment  FHOEL L, 2,
3 2LEPRE, 4,5 ZLKES, 6, 7 2fUKEEL L
T3 oicHis Lz,

5. PFR (peak filling rate)

Table 1 Reproducibility of various parameters

Correlation SEE
coefficient
PER 0.91 0.082 EDV/sec
PFR 0.91 0.109 EDV/sec
TES 0.95 14.7 msec
TPE 0.91 27.3 msec
TPF 0.95 18.8 msec
TES (SD) 0.93 2.14 deg
TPE (SD) 0.98 1.33 deg
TPF (SD) 0.96 3.61 deg
TES (regional) 0.82 28.7 msec
TPE (regional) 0.82 24.2 msec
TPF (regional) 0.91 14.0 msec

BEBEREORIDIZY, SHliconwT< LT
7— MRgEx 2, F—&KMHicT<YIRL, 2[H
DT — 55 bEH &S M ZIEEIC > W THIBIREK
LiERERRZE (SEE) ko iz,

EFEMER N #Ho 8 foFIfE (mean) L AR
3 (SD) X v, LVEF, PER, PFR |3 mean-1SD
PEFETR, ZoftoiEiEik mean+1SD % EX
ERELTED, ThibXb, CAD B0 REHK
Higiz oW TRt & mx 7.

ImI. & 37

1. BHk

8 NDWERE T, R—4&Mic T2EINEL
F—2 L VEH L, fEx0fEEOHEMEY R
L7z (Table 1), 7z o global #fsfEIz, WwWIh
LAHREIGRER A 0.91 DA EZR L. EE% 8%,
Liz/apioigEix, e bonwiebon,
FEEWTFh r=082 PlETho/. BIELD,
TS OIERIIHBMFRESE <, BEERFAR
AIEE &N & hz.

2. EELHFDIEE
ERefoRRMHE,CEB LIAEEL, £
RIFEfiE 2 b 75 A bR T2 ZEZ @ asynch-
rony DISEDE % Fig. 3 1T

ZZEFFH®R (LVEF) % X 0° PER i3, CAD 2 #
CTHEBIEER R LY, CAD1FL N#Lc
23 LbhAE, o —F PFR |3, N@E©
3.73+0.47 EDV/sec, CAD 1 <, 3.374+0.63
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ol VD
A inferior MI
o WVEF 'PER oe (PR o0,
’ :r_ o T EDV/sec e EDV/sec — T T
601 TR
LVEF & slope 31 @{ sof 3 8 4.0t
AP IR0 L 0 B
wh > P 3{ I 2
2.0 3 2.0 m? .ﬁ
L]
2 - 0 0
TES TPE TPF
msec — % — msec| ~ == a m;ggh
600+ 3001 8
o o A E
phase . $ . 'I - : _
400 - !l{ { 200 8 O;D N o] 4
* :o} Ld | H %I 26
. A ® ° 100 g}. go 4
200 10— £ ] e A
(<N) F(S
deg eSS, — deg TP.:_._m_ . deg TPF‘SD:)
a0t a0t T o " .
asynchronicity 3 | . I .“I
20+ . 20+ . 20t Tpoo
i - o 8] ol
o2 C0.01 +: %f i . o ¢: goI » |
o p0.05 N CADI CAD2 N capl cAbz U N CADI CAD?

Fig. 3 Results of various left ventricular global parameters derived from high order
harmonics. (@represents 2 and 3 vessel disease and O1 vessel disease in CADI.
@represents anterior wall infarction and Ainferior wall infarction in CAD 2.)

EDV/sec, CAD 2 #< 2.174+0.67 EDV/sec T%
D, BRHICAEEERRD.

PrFAOIEETIE, TES 23 N ## (367448 msec),
L, CAD 1 # (424+46 msec) r DfficEEX®
i, CAD 2 BHILEEFhR KX, HEAE
Fabhirotz. TPE ¢ N #f (206439 msec)

& CAD 1 #£ (246+38 msec) ¥ DREICHEZEZ R

wic. TPF 4 CAD BECEERTT b O0E 0 -
TCi)S, "f“D’D%zfij(%y\f:y)’ Nﬁ&@ﬁﬁ‘:ﬁ%

EixHZrbhihrol.

72 2 O R R IUE O A" ¥5% 4 (asynchrony) D3
BLLT, EZENMHESML 2 b7 745D TES,
TPE, TPF 4% SD % k7=, CAD 2B iz W
NLEEICEER R L. CAD 1 #i3 TPF(SD)
D, NEIILIEVWMEZFRLTWE:.

% 7= TPF I 35 (8% asynchrony o $§#& i1,

CAD 1 o T EBiRE WL, CAD 2 #
TRATEFERNICRE 2 RTLORERICA BN
BEMCHY, EEEZTIIHERELLAYIOIBZ
AR E NI,

3. EZRFAOIEE

E=Z% SHHEIZHITT, 20 6EICOVWTE
nZNOFEBEMBRONARE 2 ko 7= (Fig. 4). TES
ZHRRES, OAER, fIBEL iz NjEL CAD 1 3¢
LORMICEEREZRD . RER oK TR,
DRI T 3 o DOMARESD, N# L4 CAD Lo
McEEZRZRLTB Y, BicAH TtTholk.
CAD 13T, EERFEICEZEIE» -
7%, CAD 2 #Ti3, RIBEREZETHRRES, LK
CREBEEZTRTLONELL, TEEETHEEC
REBEERTLOMREL, BWIER LMHEOE
LR L —F LTV,
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01VD
IPE A inferior MI
msec TES:—‘”‘»‘—| msec TPE[_H—_\ - m;(e)aL :
600} 300} o .
i oa ol -
septaldoo_ - {.n i 'S 200+ . \
ol g Bl HTE 7D S
3 ' . [ N
P e wp Tl :
200 100 Th
TES__.. TPE——+— TRE ., \3 2
s &% 300t ; bl QJ/
600} .| 300 & . 3 RV Ly
- & - c@{ i .
Ao <A |
ap|ca1400_ - %{ J. 200t *} ? % 200 ?_ i
(seg 4, 5) ‘i AL o i‘ L}O& 2
. : 100 B! P
200 100—= <ol - I
TES TPE TPF
T a o |o300f
600 300 + '@ A
A . f
lateral . %{ T _.!:, x-{ {l 200 © e
4001 200
(seq 6,7) #,{ .g} F : } g i %{ f‘}
- & | o | 100} "9{ & %
00— —capT CAD2 %0 N TADI cADZ N CADI CAD2

Fig. 4 Results of various left ventricular regional parameters.

Table 2 Clinical results of various parameters in the
detection of coronary artery disease

Sensitivity  Specificity Accuracy
LVEF 45% ( 8%) 889% 57%
PER 649% (42%) 889% 70%
PFR 919% (83%) 100% 93%
TES 50% (50%) 889% 60%
TPE 55% (67%) 75% 60 %
TPF 55% (50%) 1009 60%
TES (SD) 41% (25%) 88% 53%
TPE (SD) 45% (33%) 889% 57%
TPF (SD) 689 (67%) 88% 73%
TES (regional) 56% (76 %) 909% 65%
TPE (regional)  39% (57%) 889% 52%
TPF (regional) 429 (43%) 859% 53%

(CADI only)

4. Rt R B OSEEE

ZIEETH LN IERE & tic, CAD ok
Rl oW T #Et L 7= (Table 2), specificity Ti3
TPE Dz 88% LI L Eh 72 5l # 77 L 7-.

Sensitivity (X, PER, PFR, TPF (SD) 23 609 LA
E#R L. iz PFR X, CAD o sensitivity
M1 LEfEERL, CAD 1 HEOZIZRELT
% 83% &7~ L, specificity 3, 1009 ©, accuracy
1293 12DiEY, BRVERIIERLBLLRI.
EZRFTOERES, MoERCH#Ez R Vg
ERLTWE,

5. EHETF

Figure 5 3% A D435 » functional image
1. EEARN® EF, PER, PFR 04/ i31ZiF
[Fkk T L RME LT K E <, TES, TPE, TPF L
bIZF—ET, fEORHERIBED bhiz.

Figure 6 i3 3 ByRE 0 Bt O E B4 (CAD 1
) Thd. EFRThOIRRLEMORMEERT
»3% % %3, PER, PFR {4t slope DK »3EH
Tdh 3. (HETROLE T TES, TPE OfIHDE
NBHALHTHY, asynchrony o 77 23K &
hi-.

Presented by Medical*Online



294 % EZ*

Figure 7 (3piBEHHEESI TH 5. EF B X
U" PER TR OIGEOETREATH Y,
PFR 4, LARETWL BAETFTL TW S, AR
DRI T TES OBhRHRT & 5 25, LREH
b HEER D TPF OREEDEIELED bhvl.

Iv. # %

DEBMBREERS Lic7— ) = FHT 3448
R, Adam iz X YV RA LR TLRY, fi§
HaHAcHROSERETE L LTa#
CERTD XD o6~911-18, UL LFIET
iZ, 7=V = 1 RIEEE TR EE RS A+ T
HBZ LHEHENY, e OBIEORE R
BOZRABZENIF LD TS0,

SERAWE 7 =) THKEEEE, shEREElo
FEXEDS L L LI, DIUE O RE & IR
DML ZHBELTIMETE, KL 0iEENE
LhBFIEERALTVWS. AKEEFHWTERESM4
OEEBHBROFRIHEH L L bic, AR LORE
ghigAs &5 o functional image % {ERR L 7z.
FREZORRT L OFRBROFTFMbHHET
fiole. ZhbOIEEE ERACIME L 2@
FEEV.

BREEBI30F mbR I Tit, FhEFhOIREN il
HORBBETICE W specificity # R L, TRFD
F—xIEicd » 2 b 5§, PER, PFR, TPF
(SD) i 60% LI Eo sensitivity # 2 L7z, %Kiz
PFR 3 &b THVWEHIKEEL B L TR Y, O
DavFIA4T7 v AETIC L BIFEREI 0 RE R,
R EEBHOEELFTALE X bhi.

YEE#IF K dV/dt (PFR) o#rihiy, X#EEE
FHEORy v N T e —TENC X VTR TE
7z. BERI=LVFHF— LTS —NERRLDY,
PFR »iHlis h, BMMHLEE O ZHiic &b
THRA L EhTWw318-20, Bonow 5203, Kk
Ri#R % B/ 2 fERICTIEPIL T PFR & TPF %
B L, CAD o 92% BEELLTRHTE3
LHELTRY, EELORKLIZERENEL
R L.

—7%, EZORMBEHOEEL LTHWLh B

203 3 5 (1983)

MEREHORE L, BOtEEEBENCERA LD
3. Z0XH220RE RS E LORE
H#E 7 — ) = 1 RETGELET 3 0RA+20Td
Y, AABESIESILR O E ORE L 2T 5.
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SBEHMET 32 LERD Y, SHBZOX D RFEN
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SEORF TIX, EELEOIEEU EODBKFEE
FELhAE» o, RETOMMEORE & T M+
BT ricky, RMMEEBOEAZE OF 230
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EXREIROBEIC X VKT T2 ERAICD 520,
Zolew, 1T FRBE? 2 R E» ¥ mIZI
£ HERLEIPMEITEN, IVEEOEWE
BoBEHARELRATWS., LiL, WFh LR
WieEBRZ2ETZ 2, VFUREICRAE
ERKEW. EHELOFEIEHELIONLN L
EbH TEARMTHES, IUEH L IBROEEY
—Ergohs. EREHOHROBHEEIEL
FOFMIREETH SN, EWERYE TOEHEME
BHBHEWS LEX BRI LRFTh o .
AEOBRROMBERITO T — % OFEICER
Eh3zLThsd. 7—Y TORKEHFTIELD
BE2EDNE, BEKEEETRS LIELT 5 ER
HRDH 5. SEGHHHEFTOREWERFTOE R
WOELNTIZ 7 — Y = 2RIFE, HAMFI NS
WS MET 2 S b EE 2R O F R 0T
iE7— Y = 3RER AW, BEET LR
DOEBHRMNEZITo-TWB LZIATHB. &I
ZEmELRELSN T, DOy TIAL TR
DET 2 ETRBIZSVWT S, FEORNEM
ATV TFETHS.
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EEFEHRYEIRI L, KEIL, E224
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1) AKX Y BEERIORESHH Y, INHE

Presented by Medical*Online



7 — Y SRR R O 7o v T4 — PR 7 — AR O BEE B O TE Rl

NORMAL
lTEs,

Fig. 5 The functional images of a normal person. Note homogenous TES, TPE, and
TPF distribution in the left ventricle.
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Fig. 6 The functional images of a patient with three vessel disease. Note decreased PER
and PFR is observed in anteroseptal region. Mild phase (TES) delay is seen in
the apical region.
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ANT.MI

Fig. 7 The functional images of a patient with anterior wall infarction. Decreased
amplitude, PER, and PFR is apparent in the apical region. TES and TPE are
prolonged in the same region.
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2) PER & PFR |z Ntk CAD HLicHH
=% L, CAD 020 sensitivity i 64%, 91%,
specificity (3 889%, 100% T& Y, %£fic PFR &
CAD ZWinENIIEETH o 2.

3) firki TES, TPE, TPF (% CAD E:THEZic
BEZRLE.

4) Asynchrony n¥gi#&» TES(SD), TPE(SD),
TPE(SD) i, LFHETCEERRMEL R L.

5) RIZBIDOTEEITEZEDTREU LD BWIRKE
RO -T2, HECREZHICERTH
-7z,

6) 7— VU ZEKREEUC & B BRI LR,
ExOEELIEE GO, CAD BHiicEb®
THERLEZXLRT.
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Summary

Quantitation of Regional and Global Cardiac Performance
by Phase Analysis Using Higher-order Harmonics
—(1) Evaluation of Coronary Artery Disease—

Nagara TaMak1*, Takao MukaIl*, Kotaro MINATO*, Nobushige HAYASHI*,
Toru Funta*, Rikushi MoriTA*, Kanji ToriZUKA*, Shunichi TAMAKI*¥*,
Yukinoso SUzUKI**, Ryuji NoHARA**, Kazunori KADOTA*¥,
Hirofumi KAMBARA** Chuichi KAwWAI** and Yasushi IsHir***

* . **Kyoto University Medical School, Kyoto
*** Department of Radiology, Fukui Medical School, Fukui

A new Fourier analysis of gated blood-pool
images using higher order harmonics has been
investigated in order to perform more accurate
curve fitting and to evaluate diastolic function
separately from systolic function.

Thirty cases including 8 normal persons (N), 12
patients with coronary artery disease without
evidence of infarction (CAD 1) and 10 patients
with infarction (CAD 2) were examined. From
the higher frequency fitted single pixel and global
time-activity curves, six parameters were calculated
amplitude (EF), phase (TES), peak ejection rate
(PER), time to PER (TPE), peak filling rate (PFR)
and time to PFR (TPF).

PER and PFR were significantly lower in CAD 1
(3.67+0.63 and 1.85+0.47 EDV/sec, respectively)
and CAD 2 (2.47+0.37 and 1.85+0.47 EDV/sec,
respectively) than in N(3.73+0.47 and 3.20+0.35
EDV/sec, respectively). TES, TPE and TPF were

higher in CAD 1 (424446, 223+ 34 and 153440
msec, respectively) than in N (367-+48, 174+33
and 124+ 17 msec, respectively).

Each phase image (TES, TPE and TPF) and its
histogram were genetared. Temporal distribution
(SD) of these histograms was higher in CAD 2
(TES (SD): 16.54+13, TPE (SD): 17.7+412.2,
TPF (SD) 20.7+11.9 degree) than in N (5.5+1.6,
6.1+1.4 and 6.0-+1.9 degree, respectively) indicat-
ing presence of asynchrony.

We conclude that high frequency Fourier analy-
sis, yielding better curve fitting and separate quan-
tification of systolic and diastolic functions, is a
valuable technique in evaluation of coronary
artery disease.

Key words: gated blood-pool, phase analysis,
higher-order harmonics, coronary artery disease,
cardiac function.
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