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PR EEIX LAD 2225 79%, LCX ZWih 889, RCA ZWi» 839 L RIFTH -7z,

Ju}ﬁh[}ﬁ'ﬁﬁtﬁ & rEF

ORRFTIE, EMFEEO rEF s LIKT L, #ic MVD BETE DR E 3 Lc. FEIE S Bk o
rEF {2 SVD B CAHE B B2 R& >0t L MVD BETILTF L 72, 99mTce-tetrofosmin (3.0 S
BEOLEEORIBEMATETH Y hro—F, ZEHEOHRICHEHTH - 7.

I #%
99mTe-tetrofosmin (*9mTc-1,2-bis(2-ethoxyethyl)
phosphino)ethane i3 Ol 854 & L CUHIERHTE S
Fob O Tdh 5. 2O TICHICH A~ Tt A3 < A
R 2 e[ RE T RAF R D S iclo o, )
TRREOBHICERTH s LS hTung ),
AR R IC 7 7 — 2 M REEE VT
BAEEAN G FTRE T H 5. ABUHN 29mTe 43O
LKA < » 5 9mTc-hexakismethoxy isobutyl
isonitrile (MIBI) & X o8 99mTc-tricyclohexane
dione dioximemethylborone (teboroxime) (Z }, L

. RIS ARTRA € & — ORI

* Eil P

X ORBRR R b v — S BRATE

Zf I SHE4HSH

WA CSEI0H 120

SURIEER e @ KBRFFK B HHILE [ 2-2 (B 565)

KBRARFE S b L — I fhT 2
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(KEPE2% 313 1-9, 1994)

INELALIE >R T IR IR IS fiE T H 5 Flnik
HLTWS., K% T ix ?*mTe-tetrofosmin % H
WL I & OTEBN AR IC O v v F T 7
 EREAT L. MRS ATy > = £ T
(SIM400) 2 W7 7y — A PN R — Vv v F
777439 BREATL, O, EERHRE
S OEE N FTRSEE & [AREAEG L, eBIARIRE O
FRHBEIC S W THRET L 72,

I 3 &

SR L O 9% S8 24 il (S99 22 ), Aot 2
fl, SEHER 648 %) TH 5. 2FICHEBINRE
ERT L. WMABEBIRE AHA JLAEIcHE T
T5%Lh L a B RERAERE & L i—BIRE 9
(SVD ), ZKiJRE 154 (MVD ) THh -7z,

ERLBED FMic > Wi R E 7T/ (BHS
B, doth 2 ], FIGERS6+HI125%) At E LT
oo (Db gE o BEERE 1 SVD B i 4 4
(44%), MVD #£ic 10 ] (67%) Tdb -7z,
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1) 99mTc-tetrofosmin @ E:8;

Amersham # #! tetrofosmin, 1 X 4 7 1 (1,2-
bis(2-ethoxyethyl)phosphino)ethane; 0.23 mg, =
NVAEY Y FAEERZF Y 7 4 ;032 mg, HBEE—
Z2RX;003mg, D-7va @+ byva;1.00
mg), Mo-""Tc ¥ = x L—FZ M LHEM LK
99mTcO,~ #J280~1110 MBq/2~5m/ % fnx, -3
AT NEBPICRE O EER, WiR(15~25°C) T
15 S iE LA L 7.

2) 99mTc-tetrofosmin BB FIOFF S F45 T

7 1 (Ex-PPN)

HENARHT ML HERH T L T A —# 12T 25 W
MmHERL, 25T 812 25 W T+ % A
Ee R, Mg, OERE LR BB, §
BRI TARRALHEICEIE LR, £72id, Th
G5 1 CEBYRA TRk REE & FIBT L 7o Rgic 99mTe-
tetrofosmin #J 740 MBq ##E L, & 52 14
EH LT CEBIAM AT Lic. BERICEHRS
w2 = 2 7 (SIM400) & fl v IERIICT 7 7
—ZAMRZALT =AY CF T T T 4 BT, EE
BAE & GHI U 2. SESHAGTHT | RS ICOH
Planar 3 J )% (ET, 72 AR 45 B 3 & O° 70
BE) 38 X ONOH SPECT {4 % gtk L 7z. SPECT {4
ExtmAE s 2 52T, 1 FA30MD 10ERTF ¥
7°12-C 18 1A (Dual < 360 f¥) L v ¥ — » g4k
L #gf& L 7z (Fig. 1).

3) 99mTc-tetrofosmin LBEBELH S - F45 5

7 1 (Rest-PPN)

Ex-PPN fi 47 2~3 H # I % % W% (C 99mTc-
tetrofosmin #J 370 MBq # #1: L, #ER:ICES)
AWML FRRICT7 7 — R P RRLT =y o F )
774 BATWAEEEREL ML, | REHERICOH
Planar #§3% X 8 SPECT % #3f4 L 7= (Fig. 1).

4 ZLEHREOTM

EEVARR, LR & b EALERE I T % Te-
tetrofosmin % 4 ml/sec THA—F 2 EAL, 1 7
L—2A 25msec CIOMET— 2 UIRE L 2. F—
5 WLE (3 99mTe-tetrofosmin 23 &2 5 % @@+ %

31 &

1 5 (1994)
Methods

Tetrofosmin i.v :
Imaging

Ex
E X- P P N ARRRIIIIIIIIITIMITTTITNINRROGN

0

1h
F-RNA

Rest I'etrofosmin i.v Imaging
Rest-PPN
0 t
F-RNA

Fig. 1 Study protocol of 99mTc-tetrofosmin scintig-
raphy.
Ex-PPN: 99mTc-tetrofosmin exercise myo-
cardial scintigraphy. Rest-PPN: 99mTc-tetro-
fosmin rest myocardial scintigraphy. Ex:

1h

exercise. F-RNA: first-pass radionuclide angi-
ography. Imaging: Planar (ant, LAO 45°, 70°)
+SPECT. 1h: 1 hour.

Ant-lat

Inf-post Apical

Fig. 2 Diagrammatic representation of regional ejec-

tion fraction at anterior view.
Anti-lat: anterolateral wall. Apical: apical wall.
Inf-post: inferoposteroir wall.

4~S5S LmEEEL, ERAEMREERLAR
B H{=R left ventricular ejection fraction (LVEF) #
B Lz, $ERPO00 RG2S £
FASEIL, DEBO I KEER 3 XK Hif
HE, DA L OB THE) o BT £ K H R
regional ejection fraction (rEF) # & | L /- (Fig.
2)3~0, F J=, fEHE T H 1T °MTcOs™ ) 370~
555 MBq % i v\ & # I IC 5] & it & BORKEB AT
iz 99mTe-tetrofosmin & [d] £ 0 5 B TEEL
HRE & BTl L 72,
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HE LM O3 I 35 1 % Y9 Te-tetrofosmin % B\ 7o Ol S dS & OF A S BE HBY o [ B Al 3

S) BFLEER O

O Planar i3 5% 3 X8 /38l L 72 At
9 [X3g% (Fig. 3) i235 T, SPECT 43 45 tih #%&
4 5EIL 7 4 K3 (RiTsE, O ke, fUEE, #T
BE) & Rl R0 R o & RS XK (Fig. 3) I ¢
Table 1 (2773 4 B2 =279 2 AW THERD
ICHEMZHE 1T - 2. HIE R REREER 2 4
DB TIT o1z,

6) SEEHARAE DR HAEDE

DR A @ ¥t Tid, Ex-PPN (2 TOM#
AR TR (=27 2 LLTF) I8 T Rest-PPN
ICTHMAE & 3 ENE S - KR E iR
W &I L7z

LVEF 5 &, @ ¥i3t T, @% %o LVEF »i%

ANTERIOR 45 LAO 70" LAO

VERTICAL
LONG AXIS

SHORT AXIS

Ant

Ant-sep @ Lat Apex

Inf-Post
Fig. 3 Diagrammatic representation of planar and
SPECT images.
Ant: anterior wall. Ant-sep: anteroseptal wall.

Lat: lateral wall. Inf-post: inferoposterior wall.

LAO: left anterior oblique.

Table 1 Diagnostic criteria of perfusion score (Planar,
SPECT)

Visual assessment of

Perfusion score myocardial perfusion

1 perfusion defect

2 severe hypoperfusion
3 mild hypoperfusion
4 normal

i ic 6349, ESHA BRI T2410% i LR
L, EARNI+L4Y, Tho7-. LH R mean
—2SD LAF+ibb 19, LT & e Ll L.

tEF 75 o 83t ¢, ¥ E o rEF hL2i
IC 69+7%, EBHARREC 19+£9% ic LR L, Lk
HBRMNI10+L5% Th o7, L 5FH EH mean—2SD
UFThbb 0% UTEIRIED ) bnFhnT
B oM PE T R LY L .

7 BECEEN L EE B EEEE O L#

£ Planar IF 7 & 12 3\ T Ex-PPN ©.0fh#
FOETFRK (27 3LLF) i T Rest-PPN
TOUHEERORESE S L KIR Y B MR, ¥
7= Ex-PPN, Rest-PPN & ¢ F#EFASIER (2 =
7 4) Th -7z K& MR EFEREZE L, W
[X3gIC 8\ C rEF o B (k& Wi THRE L 7c.

8) #% &t

F— P+ ERREETER L. REICI 2R
%E, paired 35 X OF unpaired student-t #R € & f \,
p<005 2 FE L L.

IVv. # &

HEE AR R Table 2 (CR+. WL LRRD
¥, B KU HIILE 38 & O Double Product 12
BESLP o, EOEROEmYE ST Bk
HBRICIEN L7205 MR oHBERIRR
MVD #ic£ << B bl

1. TEEIRFEEORHEE

HEIIRIRE O RHEE L DR 2 & ORE T,
J&EE A% Planar & < SVD # 78% (7/9 #), MVD
BE73% (11/1540) © & Y9, SPECT {4 T SVD &

Table 2 Exercise data

SVD MVD
(n=9) (n=15)
max HR (/min) 115+15 107420
max BP (mmHg) 156411 148+26
Double product ( x 102) 178423 159440
Chest pain 1/9 (11%) 4/15 27%)
ST change 4/9 (44%) 7/15 (47%)

SVD: singlé vessel disease. MVD: multivessel
disease, HR: heart rate, BP: blood pressure,
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Table 3 Sensitivity of patients with coronary artery disease

by myocardial by cardiac by three combined
scintigraphy function methods
Planar SPECT LVEF rEF Planar SPECT
SVD 7/9 7/9 6/9 7/9 8/9 8/9
(78%) (78%) (679 (78%) (89%) (89%)
MVD 11/15 13/15 13/15 14/15 15/15 15/15
(73%) (87%) (87%) 93%) (100%) (100%;)

SVD: singe v;ssel disease. MVD: mliltivessélrdisé;se. LVEF lefirventricula;ejectrion fn;:tionr. 7rEF: regional

ejection fraction.

Fig. 4

s % ns

L 807 1

-

(5}

s

< 704 p<0.01

=] —

2

=

8 60-

‘o

S

=

= 50

2]

£

5 40

4 40

Ded

(-]

- 30 -

Rest Ex Rest  Ex

SVD MVD
(n=9) (n=15)

Change of left ventricular ejection fraction from
rest to exercise.

SVD: single vessel disease. MVD: multivessel
disease. Ex: exercise. ns: not significant.

Table 4 Diagnostic value of each coronary lesion

LAD
LCX
RCA

Sensitivity Specificity Accuracy

11/15(73%)  8/9 (89%)  19/24 (19%)
10/12(83%)  11/12(92%)  21/24 (88%)
12/16 (75%)  8/8 (100%)  20/24 (83%)

LAD: left anteriorrdeiscending artery. LCX: left
circumflex artery. RCA: right coronary artery.

78% (7/9 #1),

MVD 2% 87% (13/15 ) Tdb - 7=

(Table 3).

LVEF 75 o it <, LVEF i3 SVD %
HHIRE 651900 h b EBAMKE 61 £97, LA RAE
bz R&EhLhooicxt L, MVD Bt 5549%
Mo 47+8% ICIE T L7z (p<0.01) (Fig. 4). &)
HRIAZE D KR RE I kI 5 SVD i T 677 (6/9 f1),

Fig. §

% p<0.05
90 ]
c \
2 807 p<0.01
&
& 707
o
S 601
8
-5’ 50-
S a0
2
& 30-
&~
20 —
Rest Ex Rest Ex
SVD MVD
(n=7) (n=185)

Change of regional ejection fraction from rest
to exercise at ischemic perfusion areas.

SVD: single vessel disease. MVD: multivessel
disease. Ex: exercise.

Y% ns
Bis — p<0.01
S 801
=
3]
:‘_3, 70
S 601
=
3]
.% 50 1
g 40 1
.=
g 30
=4
20 N
Rest Ex Rest Ex
SVD MVD
(n=14) (n=19)

Fig. 6 Change of regional ejection fraction from rest

to exercise at normal perfusion areas.
SVD: single vessel disease. MVD: multivessel
disease, Ex: exercise, ns: not significant,
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Planar SPECT

Q<
00>

T.N42M(SVD)

Rest

Fig. 7 99mTc-tetrofosmin images at exercise and rest in a patient with single vessel disease.

Rest Ex

T.NA2M(SVD)

Fig. 8 99mTc-tetrofosmin first-pass images in the same patient as Fig. 7 at rest (left)
and exercise (right). LVEF decreased at exercise (63 % at rest vs. 579, at exercise).
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Planar SPECT

Ant Basal-S-A Apical-S-A Vertical-L-A

ceD
cod

H.T64F(MVD)

Rest

e

Fig. 9 99mTc-tetrofosmin images at exercise and rest in a patient with multivessel
disease.

Rest Ex

H.T64F(MVD)

Fig. 10 9°mTc-tetrofosmin first-pass images in the same patient as Fig. 9 at rest (left)
and exercise (right). LVEF decreased significantly at exercise (539 at rest vs.
339; at exercise).
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MVD #£ < 87% (13/15 f5]) T& - 7= (Table 3).
tEF 76 ot ciz, EEIRRE O RITRER,
REEAS SVD B T 78Y% (7/9 f5l), MVD BT 93%,

(14/15 §) T & - 7= (Table 3).

OMfiaic LYEF 35 X 0 rEF % f§ff L= B4
DT, EEARFE O RIERE R, LA Pla-
nar f& 3 £ O SPECT {4 & & /& & »° SVD £ T
89% (8/9 #1), MVD f < 100% (15/15 fi) ic E
51 L 7= (Table 3).

2. BETEROZHRSE

SPECT % 2 3\ C %t BEEAR D ZWrHEEE &
R L 72 LAD M7 o REE 3 737, FEREI
89% TIEZR1E 19% Th ~1=. LCX ok
BEGL 83, KREIFNY TIFZREIYL TH
~7-. RCA ZHroRET 75%, R 13 1009,
TIFZRix 839 TH -7z (Table 4).

3. BRALHEREEZREEEOLE

i MLEEIR o 22 X I8k IC 35 v T rEF (3 22 i i 61
+149 H 5 EB AR IC 481149, ~MET L
(p<0.01). #EEHITiZ, SVD# (n=7) Tix 75+
8% /i 61 £12% I2{%F L (p<0.05), MVD g
(n=15) T 54+9% » & 249% I L F L (p<
0.01), MRS L O LFE L L SVD B
i2l L MVD BT & 0 iKfifl 2 75 L 72 (p<0.01)
(Fig. 5).

Z AT e LA IE SRR 33 Kk ic 35 v
C rEF (392 68119 7> & & i 59413
IZIKTF L7z (p<0.01). L » L &85 Tix MVD
BE(n=19) TI 63+10% 5 S24+11% IfKT L
7= (p<0.01) 75, SVD g (n=14) T (3 74+9Y%
ne 69+9% LHEAREERIA N -
(Fig. 6).

4. FEGIZR

fEG 1 (SVD fl) 42 5%, Uitk @ 971EMERLOE

HEBIARGE R (< TERTTFITE: 86 12 990 BA & H
+ % k8% Hl T 5. Ex-PPN 2 X 3 Planar
IETHIS I 38 W THIHIEE (score 3) A 5 420 (score
2) {2, SPECT f&iz 33\~ T jijBE (score 3), FifRE
b (score 2) 7> &5 D43 (score 1) i @EFRAIH % FR
¥ 7z, Rest-PPN (2 C [i] BEfk o> O 8 1 e &

SRL7(Fige . 77 =R b R2LF— Ay F
75 7 4 12T LVEF (352850 63% » O EHIA L
i 577 2K L 7= (Fig. 8).

fEG] 2 (MVD f) 64 5%, Lot o JEMEROE

T BIARE R (< T AR T AT B 87 12 1009, PAY,
1o 6 BE K #1112 99%, 81412 99% 7. 7ok
HEBAR $4 PD (2 100, A% 2 F 5 3 BUREHIT
5. Ex-PPN |2 k& % Planar [F{&ic v T
4335 (score 2) iz, SPECT {42 35\ T JiTBE 1 F@
(score 3), MR (score 1), fHIRE (score 1), T %
B (score 3) IZ b7z D AP IC R KB EZ B 72,
Rest-PPN (2 C [AFEIkD LF MR FEEZ R LI
(Fig.9). 77— RXRLT—NVVY U F T T 7
12 C LVEF (3 %&2#y 527, 7 & @B ATy 337,
IZ{EF L7z (Fig. 10).

V. ¥ ®

99mTc-tetrofosmin (3 9™ Tc %0 ML FERLH) &
LTIERRE SN, BoEvw < > VRS T
X T30, KRFZEIC 33T 29mTe-tetrofosmin
O A2 A<, AEROHERS L OAS
BREZ MR L, —KiB X O EEBRINE D
FRHICE L TRGETL 7.

TEBINRIRZE O # tH HE 13 1% JEE »° Planar {§T—k¢
SREE 8%, £ KWE T3Y% T Y, SPECT g7
—KRE 18%, ZKIRE 8T, THY, EbH Y
EHWRHERTH 572, mTce-MIBI % fv 7z Kiat
S0 o #EC k oA K BE (& Planar ) o 739
(11/15 ) iz L SPECT 4 o 939% (14/15 i) 23
W<, F R 30 Planar {8, SPECT gL ¢
75% (314 B) L% TH -7z,

& 6L #ERRIC LVEF 5 X OV 1EF 2 fiff L
1= 5B O BRI BB o MR H RE 3 SR EE 250 Planar
g3 & OF SPECT fe & —KRET 89% 12, £
FREE T 100% 12 5 L 7=,

rEF 2> W TR IEfER T H % 72 % septal wall I
L O lateral wall o ZEAfi 25 4> Tix 72 v, i
LCX /LD RHICEARME L Ex bhl. ¥mTc-
MIBI # H v 7z Villanueva-Meyer 12 o #if <
LR & AR REESh o B R 3 THET 747,
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8 ¥E ¥
LEN, DARETOR2YL LY, EH—FKRR
68% LIPEL TS,

AR ICE W CRRRFICHE LEBARRED
LVEF 3 —KB L UOLHFEE L bARICET L&
2B, BICEHRETL VEELFLE.

Sporn %13 ¢ 99mTc-MIBI # Fj v» 7z LVEF o
BT, oHEECR LESH AR Ko LVEF 0
EANSU KT BRE L LB EHIRKRD
BRI 749 (14/19 ) ThH 7. Z D 144k
2HESAFREO LHERERETHY, Z0d
L THNET CICRBRED A A — U TRE IR
nTwnwiz.

W BEBIRG O ZEIEE A EBRE b, 31F
0 ETH Y RIFHFERTH . RO
9mTc-MIBI # F v 72 iR &t T3, LAD 2 I »*
81%, LCX 2 85%, RCA i 81Y% L
EEXH TR, *"Tc-tetrofosmin (3 9°mTc-MIBI
LREAEOBMIRBE R FEoO L EL LN,

JRBTOD AR & CRTESEEEB 0 KRET T,
MR T SVD J3 X U8 MVD B & 4 HekE
Il U EE AR © rEF 3 ECETL, Kic
ZRREICX VEWET 2R L. £72A3MIE
HOBERR TR SVD Bicks W T HEARTL:
TRER oD L, MVD BTz HEICIET
Lates

DY F 757 412k 5.0 EERDBREFH N
Ry, DT—=NVrFIT7 740X B EERHEE
JURBTEEEEEG O KL, SVDiEL MVD
HoHRlicER LEZ LR, O REEMITE
7z 99mTc {2 3.0 ff I JiE B & < » 5 99mTe-tetro-
fosmin Z 5B OBEKRFERASHEINS.

V. ¥ &8
99mTc-PPN & i EBY AR, LR ICOM S

VFITITTAREIVT =R MR RLTS— LYV
F 77 7 4 & EEIRE S 24 Blic R IC RETT L,

HEEIRAFEDORHEC W TR L. ZORE,
1) ..o Planar f, SPECT # & § —kid X &k
RE & b RHERIZE» - 7. 2) LVEF & X U rEF
AT 5 L, anicREER ER L. 3) £

31 % 1 5 (1994)

BEBARO BEREE I RIFTH - 2. 4) R
D TEF 0 EH A ICE T2 ETE, —f&y
ERIRETL VR, EMEERERE TR
—HRETRAERABILE RS - eDizHtL,
ZRRE TR AERICIET Lz, 5)*mTc-tetrofos-
min % fl V72D R & O EEHRE o R
I, —KEERREOHRICER LB bR,

FEr iz 5i2dH 1Y 9mTc-tetrofosmin % L4 L T
72727z Amersham #IZ EH L £ 4. % 72 SIM-400
(rFaTh)EREL TV W ZABAT a4 T
VAR LR L ET.
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Summary

Simultaneous Assessment of Exercise-Induced Abnormalities in Myocardial
Perfusion and Regional Wall Motion by Using *™Tc-Tetrofosmin

Takuji ToyaAMA*, Tsunehiko NISHIMURA***, Toshiisa UEHARA***,
Tsuyoshi SHIMONAGATA*, Kohei HAYASHIDA*, Yoshio ISHIDA*,
Hiroshi NoNoGI** and Kazuo HAzg**

* Department of Radiology and Nuclear Medicine, ** Division of Cardiology,
National Cardiovascular Center
*** Department of Tracer Kinetics, Osaka University School of Medicine, Osaka

To clarify the usefulness of the combined assess-
ment of exercise (EX)-induced abnormalities in
myocardial perfusion and regional wall motion
for detecting coronary artery disease (CAD). we
carried out first-pass radionuclide angiography and
myocardial perfusion imaging during EX and at
rest by mTc-tetrofosmin. Twenty-four patients
with angiographically proven CAD, 9 (Gp A) with
single and 15 (Gp B) with multivessel disease, were
studied. The sensitivity for the detection of CAD
was 78% of Gp A, 73% of Gp B in planar image
and 789, 87% in SPECT image, respectively.
When left ventricular ejection fraction and regional
ejection fraction (rEF) were combined with the
result of myocardial perfusion, sensitivity increased

up to 899 of Gp A, 100% of Gp B. Diagnostic
accuracy of LAD, LCX and RCA was 79%, 889
and 839, respectively. Regional EF in ischemic
areas decreased during EX in both Gps, particu-
larly in Gp B. Regional EF in relatively normal
perfusion areas did not significantly change in
Gp A, but decreased in Gp B. These results suggest
that 99mTc-tetrofosmin contributes to the improve-
ment of sensitivity for CAD by combined assess-
ment of EX-induced wall motion and myocardial
perfusion abnormalities.

Key words: 99mTc-tetrofosmin, Coronary artery
disease, Myocardial perfusion, First-pass radio-
nuclide angiography.
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