(R )

331

7 — ) =mREREE A e v F I — b
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(3) EKD & L & DXHARR
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- IV N

e B

ER ER*
TH EE
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By <AFSF— MRS g0 ERESE, BIUERS L osRRE 7— ) 2 HKEICTERL,
EREELM), JERLE284) (HCM 9 4], HOCM 7 4, HT 12 fl), IHD 3750 TIPIOIGER, 15
EHIREZ R L. EXSE0HE L L THRHR (EF), IUHERN & ToRE (TES), KBEHEEE (PER),
Zn E TORR (TPE), FAFH®EE (PFR), 2 CTORM (TPF) 23R 7=, & bizE=END TES, TPE,
TPF 04£&hisfit 2 k7T LOEHERE (SD) A= asynchrony O3EfEE L7z, INMEHIESE TPE X
HCM, HOCM T HT & D @M AR L. IREEHIHERE TPF 2jEXL, IHD #fL bicERL, PFR
(% THD FECIEfEE R LIRREIIREE 2 7R~ L 7c. 53R asynchrony @ f5# TPF (SD) 1% IHD #i X U' HCM,
HOCM THEfl & 72 b, asynchronous relaxation O FfEAFRM E N2, T D X HI2 7 — Y = @mKREELEUTE
KL, THD nER24E L RO, HRBOMECHERTH -7

L &I

2 VT 7 — MEOLE S — e 7 — ) TR
(2 & - TR 2 ML, RS RE o
MRILRRY,  BEMEBIEE O FE? A By bh T
W5, LrL7—Y = 1 RIFELITIEZORFER

MRFA & Y, IR, LA o0 FHIE IS 3R 7% 5

RE7 — ) =ERIELEIC & Y fiEuI oK E %
HIF2HENR R SNIVEF S L £ o FRNER
PEZONWTHE L TE LY. 4ER 2ok
JERD B L O ERICERA L, W o R
I, TORWIBEGEZ S HREI Lico TG T 5.

* R RS R A L E S E
L 7] BE=NF
Zff584E11 B 141
Bt =it 594E2 6 A
BURIESR G | B H A R B HERT) || JRHT 54 (B606)
TR FEFRHEEEESR
B E K &£

I H®REFE

1. 35 (Table 1)

AT, DIERY 2 I DREEED I WIE
W (NED 14 41 & R0 28 6 (RERELLHE
(HCM) 9 1], JE-RZYBAZEMELHiE (HOCM) 7 44,
BILESCEAEYRH Y, LEX, Ly rFHiT
AEEIEK % B i e O R B (HT) 12 41),
BIOEBRERIC TS % U LOREELH T 5
RO B (THD £ 37 Bl 3 7, &3 79 61
b s. THD FERHR (EF) 28509 LA E o
#il% THD () #f, 50% FKiofiz IHD () FFL
L7z, BBFELWRERE S HEME, X5
LRI L 2.

2. Fik

20 mCi » 2°mTcO4~ & v T, in vivo FR ML ERE
MEATV, FHFICHE L2, EFHL 35~45°, B
Fiz 10° FI#& M 3 72 modified LAO 2 S = v
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A—aEE LI H v = B £ 5 (Searle; Pho/
Gamma LFOV) #HW<T, #v 54 vk LE
7 — » LERLERE (DEC; PDP 11/60) 2 T, %ok
DF—FRIWEL. EEEZ, ~VvFr—1ik
T7UL—AF— FEAW, LOHEE 2544 L 300
~S500. 0 AME L. Zhick v &g sy v b
13 700~1200 5 h v v b EHBBH LN T & k.
BT RR EfFEE 100 msec Z 2 57 —# i
ORI S -, BT —2i%, £¥HE
Br R LT 32X 2 EE T EFE L. Zhiz
IV 1WHEDZY DIy b $K 1L 400~600 7 &

21% 4 £ (1984)

YR/ T V=L B59. BohFEET LD
BFRiRE 7 — ) = 2RI TERIL, EEhgk
BERR U 7o Z3iEUCBE L T R-R BRI
XBBERNELTHIDIC, FEFPLHI T L—
DLERI DG HERIL S h e,
Bohiorplfgick v, Fig. LITRT LI
UTFo 6 >0fEExHHL, ZofEEoiEnm
[¥] (functional image) # {Erk L 7=.

1. EF (gjection fraction): stroke volume »D#H

& (%)
2. TES (time to endsystole): XFEHRM £ TD

Table 1 The results of EF and R-R interval of each material

Hypertrophy IHD
Normal
HCM HOCM HT IHD (I) IHD (1I)
Case 14 9 12 17 20
EF (%) 60+9 6449 67+14 63+10 58+5 3946**
R-R (msec) 878+109 977497 921+134 910+148 972-+-105* 867+144
*p<0.05, **p<0.001
Fundamental Harmonics Multiple Harmonics
1003 . . 100
7 ™ )*w/
0 0
—
Amp
P
Phase :

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 higher order harmonics.

Amp: amplitude; EF: ejection fraction; TES: time to endsystole; PER: peak
ejection rate; TPE: time to peak ejection; PFR: peak filling rate; TPF: time to
peak filling.
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P (msec)

3. PER (peak ejection rate): iz RBRHIHE
(EDV/sec)

4. TPE (time to peak ejection): R j&2> bk
EXH F CoRERE] (msec)

5 PFR (peak filling rate): fZ KFcTGEEEE
(EDV/sec)

6. TPF (time to peak filling): [XHERLIH b&x
KFEiH £ T OREHE (msec)

WA, FEBRM O REIHY A %1% (asynchrony)
%3+ % 72w, TES, TPE, TPF o &i5E0 AL
FERMHEIE 2 M7 5 L E2ERL, ZOEER
3 (SD) %75 asynchrony DL L7z®. SD
FLART O #E6D (2fEvy, L ERIE 360° & LTEE
¥4 (degree) THER L7z,

EREeE0EEL LT, Ex2korRkitiiE
7—Y =3 RIFIZTERIL, Bk 6 >niEE:E
Rz, EUEY - SRk fEEE L L T
PFR/PER, TPF/TPE % &ML 7.

nL. # =2

1. FBOEEHFEL LU R-R [HfE (Table 1)
Table 1 IR+ &, R-R [IfEi: N i# (878

MR 7 — AR 0 BEES) O B B
4109 msec) & IHD (I) £ (9724105 msec) & D [E]
ChIFPCEERELRDLN, MZERLI -,

2. EE2EOIRE (Fig. 2,3,4)

E=EaEkofeEcix, TPE (Fig. 2) AR
@ H T HCM (170433 msec) {3 HT (198 425 msec)
CHLAEEICE L 2Y, HOCM (166422 msec)
TOLEMEEME TR LY, Flkkndirvize HT
LEEERI Mo, TPF BZIEAROE (HCM:
180+51 msec, HOCM: 159437 msec, HT: 1574+
35 msec), IHD #f (I ££: 154+42 msec, II #f: 151
+44 msec) & iz N F£ (108422 msec) 2tk LEH
BMCIER L7245, HCM 2\ THRIZZ DA
BRTH o7,

PER (Fig. 3) 3B ARLEE (HCM: 4.1441.07
EDV/sec, HOCM: 4.42+0.95 EDV/sec, HT: 4.03
+1.13 EDV/sec) Tix N 2 (3.2440.66 EDV/sec)
CHLAEICEELZ R L, THD #TEiic
N Bl EEEZ R THEAC S v, IE (2.58+
0.71 EDV/sec) L nficFEZE## . PFR i
JEROEETIE N HLybIricEB EHmERL
TR EELZ DS, IHD i N B 325+
0.98 EDV/sec) ik L I B (2.3240.55 EDV/sec),
1 2f (1.64+0.46 EDV/sec) & b I ICEd - 7=

333

TES TPE TPF
(msec) (msec) (msec)
500 | s 8 5C0L —o—— 501 — .
° L] (] e R e |
; ° 9 [t —————
e g
aol © o | ml T
ta] !z-] %’1 rI 4k
g -
30| e - b 30| 300|
L . A
« L] 9 L] L]
e P4 . .
2000 20 2, % ) Fl 0] L R
?'1"151"} & ot :I!“{‘» £
° o ° . ° o - ° : o e &
1001 100 | * 100} FI bt ° > .
.o L4
M HCM HOCM HT IHD [HD N HCM HOCM HT IHD IHD N HCM HOCM HT IHD [HD
m m a W
o : pe0.05
o i 0,01
es : p¢0.001

Fig. 2 Results of various left ventricular global parameters.
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PFR
(EDV/sec)
I - 1
f - 1
6L
-~ ) o
[ d
Atals sr
K] ?I o g o
o®
2lel ol ] % I
. * ° N o% ﬁ I
| L] [
L)
N HCM HOCM HT [IHD |IHD
. pe0.05 o m
: p<0.02
:+ p¢0.01
¢ pe0.001

Fig. 3 Results of various left ventricular global parameters.

334 ¥ E ¥
PER
(EDV/sec) T M 1
—— o —
[ e |
Sl ean
6_ ° °
| . .
4 ° oo] o bt L
(8 T S ] on_ %
3 ®
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Fig. 4 Results of various left ventricular global parameters.

RS - SEEio e ©Hh 5 PFR/PER (Fig. 4)
EAOEE (HCM: 0.6940.12, HOCM: 0.66-+
0.22, HT: 0.694-0.12), THD £ (I £ : 0.8440.15,
II & : 0.68--0.26) & %Iz N #£(0.99+0.19) XV
BEICIEEA 7 L. TPF/TPE i3, N B (0.58+
0.09) iz e ~JEHo U (HCM: 1.0740.32, HOCM:

0.96+0.21, HT:0.794-0.19), IHD #£ (I # : 0.77
+0.23, IT#:0894+0.26) b ic FHF B I H <,
HCM CHlicEE Th o Tz,

3. Z = asynchrony )34E (Fig. 5)

TPF (SD) 1% N #f (5.243.7 deg) izt L, THD
(IT) # (21.6+9.6 deg) O &7z 53 HCM (14.1+
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TES(SD) TPE(SD) TPF(SD)
@ - . G O —e— !
reem e —
'] ® L
L]
L]
£ % . | " .
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201 L 201 ° 201 ° * ® .'
L] L J .
L] ] Y . L 4 [
. . 1 . ° s .
0} _] t. m.vl.l-l . Wi o ’ H
: q * o b g Ix :
I SE 3! Bls] o g [® efel i &
N HCM HOCM HT IHD IHD N HCM HOCM HT IHD IHD N HCM HOCM HT IHD IHD

m @

o p@.m
oo : p¢0,001

m m m

Fig. 5 Results of various left ventricular regional parameters.

9.7 deg), HOCM (11.7410.4 deg) T LB & 2 i
fE# ;R T{HEMICH VY, asynchronous relaxation o
FENTRENRZ., EZFEUCERL#H T HT
(6.3+3.5deg) iIIH/EZ /RS ¥, HCM L offjicF
BELRD. ‘

4. EFIETR

Figure 6 %, IE% A D £&F5Z ® functional image
#757. AMP, PER, PFR 3§25~ { 121
K#RL, ZhbDOEZENSMIL, 1EERL TL
REFFLE LTREW. TES, TPE, TPF 14
PHEF~WLEBEBAERTA, Thoixe bicH
LEZEL, MEOAREZEIR DO -T.

Figure 7 1%, HCM 0 jEFI©H 5. TES, TPE
DEZNOMBOSFH T IZEFE—TH 5, TPF
TRPRE» O LRI T THLIARENLED Y,
asynchronous relaxation OfFEEIRE Tz,

Figure 8 i3, HOCM 0 #EH|ITH 5. +TD
BETEZOPMELPROE LWIEEZED 5
iz, EERNOAAESAE, TPF TLAREICD
FhICBhERDIE.

Figure 9 i3, HT 0jEHITH 5. AMP, PER,
PFR, TES, TPE i1 & 4 ICE% /¢ pattern #73F.
TPF i3 £ = 2L L TRORBIR TV 2, EiF
H—Thotk.

Figure 10 X, IHD o fE# CHIEEFRROBEEH

<H 5. PREICIBVWT AMP, PER, PFR 23/
L, fr#Eix, TES, TPE izl L TPF oBh s
EHThoT.

Figure 11 13, &8 0 KK H D EE L D volume
curve ¥ 53 . HE M fitting curve, FEREFD 1 K
sy, F2KkMHERT. HCM TRIEFEHIC
B, IEHoaEix&a T PER @ KE XY,
TPE L4+ 2MICH 7z, TPF JERL T
W HREEIIED ¥, PFR @Z&{bLikxhoik.
HOCM T b [0 M4 bz, THD T,
IR, FERHIE bicHEIZY® 5 R »» T, PER,
PFR 0{ETF & TPF 0IEE* R Lie.

Iv. £ ®

DERRHL 7 — 1y 77—V 2 BH#T 500
T, Adam? HoWELSRARICER L
25, B 7— Y = 1 RIERLITid volume curve
o fitting B+ THRWVWZ LAEH SR TV B39,
SEFAWE 7 =Y =EREELIL, fitting OFFEE
BNX L, I L IR % B4 I3l T 5 & &A%
FETH Y, BaoEEF—EICEHShD LW
SHEEL->TWE., FEHEOIZAEAVWT, B
MR BIZ B TEE b BT 3 IR E
ZOWTHE LY, HEHOMEXZOERE
HorbicExLErFEEAV TR ST
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5810, -z oM, EMtEOREDHELL
FRALIZE N THREIMZ Sh T 512719,
LA LIRS, FERD O EE o IE#R &
CHERHIC > T, FROME THBRAT LR
EZ D,

1. PR 0ER
EELEOIEH0IEETH S TPE 131, B
DEoHO HCM, HOCM (3 HT & Y EfE+ 3
ACdH -7ds, HT CREFR EOMCEIED L
hihote. Zhixfi#F o after load DEWIC &
3b0 Lk Bbhs., Hammermeister 5 X, X #
EEEFARLY, SdV/dt % TorfE (TPE i
#8454 2) % Idiopathic hypertrophic subaortic
stenosis (IHSS) TIEF X Y &#5 L, Aortic stenosis
TEELRALEVOIBREOEZLTRY, FHEOO
RELZhLAKOEREL L LEDIh S, %1k
RHE S, IEHEE o 1/3 ER mean 3 HCM
TR HT LV BEEZRTEHREL TR0, &
Elobhbhokitcit, PER ZWERICAE
#i3/ <, HCM ic8F 5 TPE 0f#EH»T i
BHELTWwWBLEXDNS.

2. HEEKADIRM

EFolE Lot THD BECIEE L T4 bt
#ifEEx TPF 0EETH D, KALICEIT 34
BHEELZ RTERLZEETh . Thbb
TPF 0L, RHL O WHEEED 5 v it EF 23

BERT TR TURNICHE S 28I AIEE L Bbh 5.

PFR (%, Bonow & D& m = & { 9:17.18) THD g%
CEfEZRL, HCM TREE LOERIEDLHL
mhole. %72 HCM, HOCM, HT flic b FE=E

ERDY, ThiREL0BEOLFIE—FK L.

3. RN - BB DL DR

PFR/PER, TPF/TPE i3 & b i, FEALE, IHD
HoRBaoEFATHL»EEEERRL, Th
COLEBHLERALEZQHTE IR LELL
RBELEZ N

4. %= asynchrony DIg#R

EZDIRH o asynchrony % 53 TPF (SD)
%, THD #n Z4 iz 53, HCM, HOCM < % BfE
%~ L, asynchronous relaxation D7EfEZ R L

21 % 4 5 (1984)

7-. T+ 7 b asynchronous relaxation {3 IHD |z
BEMFTRTRIAVWEEX LN S, Samir® 5=
Philip 5 D& o Z L £, IHD 2§} 5 asyn-
chronous relaxation (Segmental early relaxation)
DERICOVTIERRFNE L T 5 2, HCM %
HOCM o asynchronous relaxation o & ZiZD> W
TEEEHL»TRL, SHESICRFBBHEL
Bbhs. FFECERLETS HT TIEER
FEF, HICHCM LoflicFEZ2BDL. =
NEEROEH—HEDEFEWAEEL TWS LHEES
hWah, SBREFZERTRMNTILELEDHA ).

5. 7—YI®/RBELUZDONT

2 VFHF— MO T — B, B ICESR
BHREE3 L3 TE, Fx oHEBAHE L #iE
mizw, DEREFFMICESFIAShTER. ahp
T OAARREITEE L, AERT L ORRMRY 7 —
y L THROREL M T 2@ e HED
—2ThHB. Lo LiEsko 1 KELE G fitting
DRECRIE D50, IS, HEREERI~
ICEHMIC & ZBRIEBILEAE E L3, 72 358
DEREE DT D LEABEEL LELLTLEIfE
B2dhY, KEREPARO NS,

EEGIZ, RELOIUOKREERD DD, £
B, BIUEED L oFEHBROIRERTK
AUy EEERER2T, B & UF200~400 #
YU MERELEY2Iv—varh—TIREB
R EIT-722. 2R, EELE0FRKihR
IS 3KRE, ERS LoFRMRICIZ2KRERA
WA DB LIEEIOREN X < £ ), BED
TES, TPE, TPF < 50 msec L}y, PER, PFR T
0% NI EE o7, ZoREREEZLLICILT,
SEORF CREZSEOMBRICITT—Y 3K
H, BRI LofRICIZ7 —Y = 2 KIETHRIE
HEfTo1 .

EZ2E0 KRR OBITICIZEINSR/NZ
RESLO X HELBREL AR TE Y, 4T
Lb 77—y =iEllZ AT s 6B e Bbh
5. L LEERNET oS EhizciiRoMiici,
il & D HFELIISETH Y, 77— =ELLT
JARIBEE & FIA L e flifE itk &2 L LT
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Fig. 6 The functional image of normal person. Note
homogenous TES, TPE, and TPF distribution
of left ventricle.

Fig. 8 The functional image of patient with HOCM.
Note narrow left ventricular cavity with hyper-
trophied interventricular septum. Slight delay
of TPF is observed in the apical region.

Fig.7 The functional image of patient with HCM.
Note marked delay of TPF than TES, and TPE.
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NORMAL

."l'"

Fig. 11 Representation of left ventricular volume
curves of each patient. Yellow curve repre-
sents fitted curve. Red and blue points indicate
the first and second derivative, respectively.
Patients with HCM shows larger PER, shorter
TPE, and longer TPF thanthe normal. Patients
with HOCM shows similar pattern in HCM.
Patients with IHD shows smaller PER, PFR,
and longer TPF than the normal.

Fig. 9 The functional image of patient with HT. Note
homogenous and slight delay of TPF.

The functional image of patient with IHD
(anteroseptal infarction). Note decrease of
AMP, PER, and PFR in anteroseptal region.
Marked delay of TPF is observed in the same
region, as compared with the mild delay of
TES and TPE.
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AL TWEETHS. £k, LDIAVFF—F
HBEORE LM E I XREZERESBE LK E
ERETIBI I LDOTERVWREFTOEE/MBRD
BT TH LM, 7—) TEEKELIC X - TRFTIC
BT 2 KGRI RE, TRMIBRE O MBS RIRE L &2
olc. Tihbb7—) EHKRELNER, EEL
i X U RFTO IES, EEHE R4 CEHETE

SEECERIFHEEELLNS.
V. # I

ERARMBLEREZ LB IVEZLE LS
L L, BERLE Lot IHD oF % 1T - 7=,

) IfEM 088D TPE 3 EALEICR VT,
HCM, HOCM 3 HT X v Bs 2 iciafEiL, zh
X afterload mFEWIZE 3L L Ebhi-.

2) frEHoiEE» PFR i3 IHD HThHEIC
K%, TPF (& IHD HB XUBALEL bITH
BRIEEZTRL, ZhboisERiiEyREsr T
THRAREETH - 12,

3) UuHEH - FEER#I O H o $5 & » PFR/PER,
TPF/TPE i3 & &2 /LI R W T BRI REE
EEL, WRYEEL RTRLELREETH-
7t.

4) RFoYLE#ICR 5 asynchrony o igHE
T& 5 TPF (SD) i, IHD oA b3 HCM,
HOCM T HLEfEZRL, Zh bz i Basynchro-
nous relaxation O 7ETEARMR iz,

5) 77—V TEKEICX 5 LR, Ea
DEELEENIE LN, £ LURFOI
fed, IREIE B4 ICFHETE, BROB X O
IHD ofHfiic b THRLE L bhi-.
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Summary

Quantitation of Regional and Global Cardiac Performance by Phase
Analysis Using Higher-order Harmonics: (3) Comparison of
Hypertrophic Heart Disease and Ischemic Heart Disease

Shusei KopaMA*, Nagara TAMAKI*, Takao MUKAT*, Yoshiharu YONEKURA¥*,
Kotaro MINATO*, Michio SENDA*, Junji KonisHI*, Kanji TORIZUKA¥,
Yukisono Suzukr**, Shunichi TAMAKI**, Ryuji NOHARA**,
Hirofumi KAMBARA** and Chuichi KAwWAI**

* Department of Radiology and Nuclear Medicine, ** Department of Internal Medicine,
Kyoto University Medical School, Kyoto

Fourier analysis of gated blood-pool images
using higher-order harmonics was performed in
79 cases to evaluate global and regional cardiac
performance. Following indexes were obtained:
EF (ejection fraction), TES (time to endsystole),
PER (peak ejection rate), TPE (time to PER),
PFR (peak filling rate), TPF (time to PFR), PFR/
PER, TPF/TPE, TES (SD), TPE (SD), TPF (SD).
Patients with ischemic heart disease (IHD) showed
significantly lower PFR, longer TPF, and lower
tendency of PER than normal group. Patients with
hypertrophic heart disease (HCM: Hypertrophic
cardiomyopathy, HOCM: Hypertrophic obstruc-
tive cardiomyopathy, HT: Hypertension with left
ventricular hypertrophy) showed significantly

longer TPF, and higher PER than normal group.
Patients with HCM and HOCM showed shorter
TPE than HT, probably due to difference of after-
load. Patients with ITHD, HCM, and HOCM
showed significantly higher TPF (SD) than normal
group, suggesting asynchronous relaxation. How-
ever, patients with HT showed normal TPF (SD).

We conclude that Fourier analysis of gated
blood-pool images using higher-order harmonics
provides useful informations of systolic and
diastolic properties in ischemic and hypertrophic
heart diseases.

Key words: Gated blood-pool, Phase analysis,
Higher-order harmonics, Asynchronouse relaxa-
tion, Cardiac function.
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