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LHANOEBOENH LAENZ L XD, &5 L
TH 5 15-30 53Rt THRIZ AT HE T & b MR %
H#c&sn, Lo fllizdo, L, 9T
S AR ML AN TI O X D e B % oA
RERS Wb TRy, MW, HikFEs X
VLD FNENDOEIENDLE L e B0,
AR, R BINR B (PTCA) B X O #h
Wk S A 7S 247 (CABG) D&y HHE 1S, EBIlRE
5 EOFREN) e SRR L E R /N A /S A MLE O ERAL
BXUZOREMHIIMZ T, BEENZERE LD
M TFMAEDFMO EEL Sh TR, F
72, EEIR EAEBELRREDSLVIZL b LT,
UNBAE, EIIUE (S BV T M T DI T A
TR E TV B0, GER IR T i A 0 3T 14
JEBIMAIICIE EICPETICE D 2 SN TE 21D,
L2 L7%&h S, SPECT TRIILED & & A F M F
fRAEZ R T &9 A FEEREIATO W,
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EZHRED L O HAE & 8 BTl L THAR S
) OBERUEMFELHEMTH I LI2LY, EE
IRIFE DRRE AT BT 5 EDERES L.

1. }MREAE

¥R

1996 4E 6 H7225 12 B £ TORMII L FEIC TRIM
PR B ORI 5-25%E b BN IR S R AT AT S u7:
21 B (B 14 B, k7B, BLURREL L
T, B ORERIND - DIZBNFLE Y v F A
fTbnrzs Bl (BrE46l, ik 6l, FXEE49.4
W) g Lz, 277, BEBOSHIIONT
&, BERRIA - LAHIE - WIE - RIEMES IV AT
O — VIMAEZ &, Mt REDFERREAT & %%
FEZEST, LEMICTLRELADRVHIL
L7z, 21 BIOERE 39 A 5 85 1% (F1 60.4
W) T, WERISEEIIRAE S 12 51, AERELLARE 1
B, YLERELLARAE | B, @I 6 B, AEERR 161
Thh. EEEMEEB X OREFEIZ 9"Tc-tetro-
fosmin LY ¥ F 7T 7 4 AT\, 2 AREILIAIC

EEIREE AT - 7.
B &

WEEMIIHEE L TA— Y VT 25W
OB L, 2 5% 25 W $ORINY % % B
WESh R 2 ML 2o, ME, FROEST, LA
BT 5 ST %A1k, pressure-rate product (PRP)
25,000 L EOV§Fhh & BT ORKELE LT,
e A B 8 07 FE L2 ™ Te-tetrofosmin 300~370 MBq
AEEL, 0 F F 14 30 FoRES) BT 2 Rkt
L7z, HiGBMGIEEE 20 0 L D iTo 7. KT
FNVF BT ) A — 5 K L3RI
SPECT #¥{# (RZ#, GCA-9300A/HG) % fEH
L, 64X64 < b)) 27 AT 1 HM308, 6T L
60 & h 77—y WEETo7c. WIFHT %, 3
BE 1 LA IC 740~ 800 MBq @ *"Te-tetrofosmin %
BEMEL, 20 7% ICKHEERIZLC. &
T, TEREE L, EENCY ) YV ORETREER
dose calibrator (Aloka, CURIEMETER IGC-3) T&t
WL, &E5®RIZYY v VL = HERORETREL F
WL, HEREOBURED L ERGEEZHIL

34 % 7 %5 (1997)

Count at Rest
after Reinjection
(Crest)

Estimated Count

Count at Exercise
at Rest

(Cex)

300-370MBq 740-800MBq
Ex Dose Rest Dose
l l Ex'
— >
20min . 20min
t (min)

Ex'=ExC - (1/2)V360

Fig. 1 Protocol of ®™Tc-tetrofosmin scintigraphy.

7. B, WIERECESBLE A A TOTIZEW
T, HEHORD W L #HAL - (Fig. 1).

B ELE I IIHEE T — ¥ W KE GMS
SS00A (BZ) MM L7z, BALEE7 4L 8 — i
Butterworth (orders 8, cut off JE# % 0.53 cycle/
cm), WIAHIEZ LC, ramp 7 4 V¥ — &KW\ T
PR L7, A9 4 AR 64mm & LT, fRilh
Wrig iy, =R, RhEERR (% T fER
L7:.

SERMT & LT, BRS80S A LRI
FOEE KD, T3, LEBIDLREET
D E 5 EWTRE (% 12D\ T circumferential profile
fEMT % 4T\, polar map /R & 4T o 72, B
B O HEAEE MO FERE & L LRSI (% up-
take increase) * L FORICTHIEL, 75 —FR
iTo7:. EBHRAMEEOKRGEDH ) OLFHEI
Hyr MGEBBEREES Y Y & Co, BETRHE
8% D LT L,

Cex/Dex

ORTHEOLND. BHHOKGED ) DLFHE
WH™Y Y MSRHEEN 7 2 b & Cow, RHIBFRS
B¥Dew ETAHE, TTIHRGE SN T2 EHA
WHED A v b xZLBIKLEVHLDT,

K: B i il IE AR £

EvyRicn s, kX D LEHEREENZE (% up-
take increase) Z KO L ELLTFDO L H Tk B,

(Cresl e ch * K)/D rest
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Table 1 Summary of 21 patients
Patient . . Visual Analysis % Uptake Increase Stenosis of
No. HgeSex Diagrosis region region Mean  SD CAG
| 64F AP (=) anterolateral 235 96 LAD
2 46M AP inferolateral anterolateral, inferior 27.2 93 RCA,LAD, LCX
3 75M AP (—) inferior 16.0 34 LCX
4 58M AP,OMI  posteior posterior, lateral 242 11.8 RCA,LCX
5 64M AMI (—) (—) —16.7 40 LAD
6 T78M AP anterior, posterolateral lateral 12 120 RCA,LAD,LCX
7 5TM AP,OMI (—) anterior 2.1 52 LAD
8 54M CA fistula apex, inferior apex, inferior 132 62 RCA
9 53M AP inferolateral inferolateral 1.5 6.0 LCX
10 61F AP inferior posteroinferior, anterior 10.0 7.5 RCA,LAD, LCX
11 70F HT =) (=) 28.7 76 (—)
12 85M AV block (—) inferolateral 11.7 54 (—)
13 59F HT, MR anterolateral anterolateral 256 124 (—)
14 66F HT (=) lateral 4.7 38 (—)
15 58M DCM posteroinferior inferolateral 23.0 9.1 (—)
16 52F VSA inferior, anterolateral inferior 158 108 (—)
17 54M VSA septum, apex (—) 214 141 (—)
18 48M HCM (—) (—) 2.7 57 (—)
19 72F HT (—) lateral 26.9 77 (—)
20 SSF HT (—) (=) =15.3 52 (&)
21 40F HT (—) (—) —15.5 70 (—)

AP =angina pectoris, OMI=old myocardial infarction, CA fistula=coronary artery fistula, HT =hypertension, VSA =
vasospastic angina, DCM =dilated cardiomyopathy, HCM =hypertrophic cardiomyopathy, AV block =atrioventricular
block, MR = mitral valve regurgitation, CAG =coronary angiography, RCA =right coronary artery, LAD =left anterior
descending coronary artery, LCX =left circumflex coronary artery

% uptake increase

Cex/Dex
= —1( -100 (%)
(Crest — Cex " K)/Drest
Cex *Drest/Dex
= (—_—' —1) +100 (%)
Crest— Cex 'K

K=(1/2)" (. ;BB BRI D O LRI £ T
D)

1% 5 N OCEHRIUE IR~ v 7 2GR - P
B LRERD 3 FEIICX L, S HICK A ZIES
1 (Fig.2D) D Z & £ 16 &I L 725t 48 #HIgIZ D W
THEIBEMEOFERX TR L. BEHSh K
6L 084 D BEDFHE - HE#ERZE (SD) &K
&, 1.5SD LT O % /R ¥ sl & A B2 KT E
fr & L7z, #sudERl & L THEER (RCA)
W& Ti%EBE, R FATEC (LAD) RIS % BijEE ~

B8, ZcllfEks (LCX) sk % fIBE (23t & & TR

o, ITNHOMREEHRELOMEROL
BHRE 1T 72,
I #& Es

1) XRREF T DAREY

AR E Lz sBlidwaFn b B lf s v F TR

HRBOEh ol Ty THLER ENILEE
SR O 4 OFEBIOFH1E 19.3~76.5 (F34
41.8)% &%, vy THOEERFAEIL 6.8~
12.4% O OAE %R L7z, F8185) 0 L AR EREE
FOERIFIIEOON o1,

2) 2fEf TORREt

R E L AT S iz 21 BlicDonT,
SPECT 1O %M O $LE BFFA & /L A B RUE R
KBWTHEEIETLTWAE 2R, EElk
EHORR IR IEE L/ (Table 1). %3, &E
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Table 2 Comparison of coronary angiography and
visual SPECT analysis

Abnormality ~ Coronary artery stenosis
in visual Total
analysis + —
+ 6 4 10
— 4 7 11
Total 10 11 21

Table 3 Comparison of coronary angiographic findings
and % uptake increase

Abnormality Coronary artery stenosis
in % uptake Total
increase + =
+ 9 6 15
= 1 5 6
Total 10 11 21

Table 4 Comparison of coronary angiographic and
scintigraphic findings regarding coronary
artery territory

Coronary arterial stenosis

Abnormality RCA LAD LCX
+ = + - + -
Visual + 5 3 1 3 3 0
analysis — 0 13 S 12 3 15
% uptake  + 4 4 3 2 5 4
increase — 1 12 3 13 1 11

RCA =right coronary artery, LAD=left anterior descend-
ing coronary artery, LCX =left circumflex coronary artery

517> PRP DF3id 22,923 CTHEEUEIIHE & O
3FED LN Do 72, Table2 B £ U Table 3 |27k
T8, EBRER CHEREPRO LN
10FEBIC BT, BBl TR 2Ry £E L
RO DE 6, LHIERUEMFEOKT 2320
72bDIRIBITH - 7. EERER TH B L k%
RO L h o7z 11 Bl 6 B TLEIERIEMED
JRRTBAE T A55280 6 7z (BERmTE 64%). 2 H D
6 BIOWRITEIMAE- L 3 B, BEFGE 161, 4
RALGHEE 1 B, RER1BITH-72. 72, &
D11 BNV THERH & OEFEEMED ik %

34 % 7 5 (1997)

172824, HEIIKTFAZ/RL (118 £159
vs. 41.4+23.6, p<0.05). €D LA EIUE
ROFIED 10% LLT T - 72 EFID 4 Bld 1),
IO ONFIIRERELLARE | B, SlLEA 3 $
Thol:.

3) TWEIREERI T DR

TEBIIR IR T & SR A ARG L 72 b D % Table
4 |Z/RT. RCA IZBI L CIIBEMREMO A A
BARZE | THFT A sensitivity, specificity & (2 LI
Zfli% R L7z, LAD, LCX W[ L Cld L ipE s
W% BINT 5 2 & T sensitivity 23] L L Tw 5
S, FRISHTE T AL SIS B\ T2 Dl H*
SECTHo7. —F, LCX I T EER T 1
MASER® bz, 3 BHIBLEMRE - /AR U
IR EDICHBELETHRAERLTVI20 00
oY, EHREY CRAERELRD LD o
7o, EERER CHBERELRDZ 106D 5
S5PHCBVTIE, BEMICE-E) LT s
Hro 7RI D, AEx b 2 LX) 0
FERHEMOARR E L CTREITRECHh o772 h, WAk
FPHDIEMEICIERC & 5 b DD - 72 (JEBI No.
1,2,3,7,10). LFIZZENEDERI % 2/RT 5.

1Iv. EBIER

FE5 1 (patient No. 1): 64 %, M

S ILUE L T Cdh o 7245, 2 Hal & bk
TR ST A L ) ko 72, BRLLERIC
TSTHETxIEMIN, MEOILOARE R -
7z. U SPECT Tl BMTIEA B 2 MK T % 32
7% H o 7 (Fig. 2A, B). LIRS hn=E (3 A il
BECIRAER TR, BT —~ v TI2BWT bR
WCE T %R LTV 72 (Fig. 20). i BIlRE 2
TIX LAD #7,9 12 90% $%% % i8> TH ), SPECT
TRIEHMCa - - RETR > il L&A,

fEf5 2 (patient No. 10): 61 %, 1%

IR & 0 R I8 VB AP A HE L T
7275, B LTz, 12 HAETS AT IS Bk
S Liclhd, BEDILOARE L -7z, L
SPECT TIXEMRFLARD D TREICEE D S H 5
EOERMETAH Y, fill-in &> T/ (Fig.
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| 5 6 7 ] 5 6

L = SEPT LAT ) o « SEPT LAT 3

INF ' 5 INF 2 8

Fig. 2 A 64-year-old female with effort angina pectoris (patient No. 1). The short-axis images
showed no significant decrease in uptake at exercise (A) and at reinjection (B). This
patient had a 90% stenosis in the left anterior descending coronary artery and the
diagonal branch. The panel C shows a % uptake increase map. Decrease of the %
uptake increase was clearly shown in the anterolateral wall, as indicated by blue color.
D: Myocardial area was divided into 48 segments and % uptake increase in each area
were presented.

3A, B). (LAHERUEIMNER < v T TIRLRERD? 5T DRI % Bz, BRI HEMIIIIERH TS

HREEICINZ TRIBEICHIK T 2 /R L T/ (Fig. 9, DR IEBEEE IR X ) EREICRE O & R
30). EENRIER TIiE RCA #1 12 90%, LAD i3 LTwhEEZ LN,

#5,6 12 75%, #10 12 100%, LCX (L #11 12 75%
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SEPT LAT >

INF 17

V. £ =

B R EDEED N L 21 FEFIB X ORI
WIRIZEE® EZZOND 5 HIIZx LT 9 Tec-
tetrofosmin % i\ 72 LR HUS N & #5T L 724G
R, EEIRIEZE DLFAE L7z 10 B9 5 FliZ BT
HERRHIENC TRRIBEARE Cd o 7o IR DR A3 ]
BETholc.

b ML T e (R LA DR B D A 7 & KT
LEZ: E DB EEBRRE L A S 2 WREICE

34 % 75 (1997)

WT 6}

- : SEPT LAT a

INF 10

Fig. 3 Case 2: A 61-year-old female with mild chest
discomfort (patient No.10). SPECT images
showed slightly decreased uptake in the inferior
wall at exercise (A) and fill-in at reinjection (B).
Coronary angiography showed 90% stenosis in
the right coronary artery, 75% stenosis in the left
anterior descending coronary artery, 100%
stenosis in the diagonal branch and 75% stenosis
in the left circumflex coronary artery. The panel C
shows a % uptake increase map. A severely
decrease of the % uptake increase was shown in
the inferoposterior wall, and localized decrease in
the anterior wall. The percent uptake increase
could detect the lesion of anterior ischemia in
addition to the inferior ischemia.

WTHEEVWZEDODLNDL L EbhTwnp0u-m,
BUILAY 5 % PET Cldie MUK T fi i O RFAf (X 7]
fECTHAH. LHPLSPECTIZBWVWTIIINFETYH
201T] X2 ¥ Te-MIBI % i\ 72 5 LT T i HE O RFA 2
PG STV L AT020-2 55 7 FEE I i &
nTwiw, 2 TAIFZE Tld “Te-tetrofosmin
AV CGEB AR O B GE108T 5 00 %
A EEMICRFM L, KRBT LICL
0, DEEBEEMERE W) T A A
#mTc-tetrofosmin (& #mTe Ak AR LG RAI & LT
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“nTe-MIBI & DT % & D25, *"Tc-MIBI O
k121 100°C T 15 L BB L oIS IRLC
RY, EVI)BHIPLETHLOIIHLT,
9nTe-tetrofosmin (2T 15 LA EBOE T A 720F
TRV, F72, MiRiFe & OFRESR~OERH
VA washout B R 0T, #RiEH T 5%
15~30 57 L W uJHETdH 19, 9"Tc-MIBI DHf4
FEGEE R AT% 5% 30~60 P LABETH DI
L, HEZHEIZBWTIE ¥ Te-tetrofosmin D 5 A%
S0 EECRELREATRETH S, LEZ LR
5.

9nTe-tetrofosmin D WAL 58 72 1) ORI
Fd AN E IS A EMREO I HE SR,
ORIRIGE /5 e L o dn it (AR
FTLIENTHENL., 2 CEBRIEZED A
T2 LM E OB MO I L, EEHE
RO LA EREEOR IS L M EIcH L S5
ZEIhD. LD T, LEEREIIERIEF R
FRDSE ML i DA 2 7R3 b O Tl e v,
LML RSN & & 5 FERE ML L 7 FREE DR b
EEZONT. ZOE, MeoEEEMEI Y
DL SV NRIEE % B D%, 4RI BEF D PRP
EREINFRIIIHAHIERRD b d o 7z,
KL T AP TR L 72 ® Te-tetrofosmin 7%
LHGRICB VLT ENRZITERIRE L TWvwa
HAE L7299 2 °C, B - RO S5 EOHIE
AT o 72, WIS BIMERE R BATRE - iR LIS
%2008 L, H#40%5hLWMET TOR
THNE R A L7z, 72750, B - ZRESE
RO DA 2 P LA E %% 275, 4[]
EZF D IE %A1 > TW v, 9Te-tetrofosmin @)
EHIIHT ALHNOEBFILESH AN T
1.3%, CHIFT 1.2% & SN TV LD, L
LD EFSHAMBFEORNE LAEEIIL Y, £T5
Wb H DM, SOOMFTIE, Ok R4
BOLRk B LAZE LT, EEBKIIELR
WX BT - AR O RE I IR & 3 BERE DL
M EHIR L 7.

AR & O BTN INEOf BB IR EZ
AT 5 EED sensitivity (EFNEN 60%, 90%

Thh, ERMFFHMA BT 5 & TREDOKE
om EW RS, BTH SHIC BV TR
FHBERUEINROGEHIC LY, SIEMEEME T I3ARn
TE Lo IIREDMRIRED & 0 1R 2§
DFEEHTETH D, FFIZ LAD FIBOT At
WD\ T osensitivity O ERP LN TWE, —
75 LCX #E8C 3B\V TUR O AR B U N 12 C 520y
PEASEIN L TV B 2S, ZOBRERDEDE LTH]
FUEBOMG T oL, 5L, E#lkiEE
THBERZEZ LE SN 1HERIF OBl B VT
LAERUE RO FETH) 2 KT R 2RO T A58
OHENTEY, TRTHEEREE EE 2L L,
*EEEIE ORBIZBWTHOAELEKTARLTW
L. INHOWNERIE, IS B, BEAELL
FE 1B, JRALLEE | B, EARPE 1 F,
MR FITH o 7. B FHEDIKT 3 %5
B L CESIRESEDIED, BRELLERAE",
IR, LR ELLERAE'®, HEFRHF'?, syndrome
X9 e ERRIT NS, B T EEDI T D
JER & Ui, @Rz DA, il RAN K
Lo, FKIZ X 200 25 E RO A,
BN OPME, LEOBMEL, BEERFOILR
WED ER, CRACIIZRBEEEAILD
TR e RN O G E5FEZ S TWw
Bonsie2n koo TR EFUEINE QK T IEH)
WRiE CHEREDAEET LD, L0 R
TRMFEFHEIPEKT LTSI EARLTWS
WREMATRIE S NG, SRlE TN T DA ERE
D 2 WVIEFNE T T S A OB 2 & UL
HTWEDIKT 2RI L) 2IEETH Y, 414,
BHEOBEKRTOIEFE L OLERAVLETHD L
Bbhz, LHEIUEMEOE IR
M TERY 52 5 DA TR L, EilRER TIE
HE LISR WIREOBBHICLERTH L0 LA
v, F o, SRNIEGIEA L % R TE R
o 7203, SRIREDET b56, SURMEH
DR TIIRERE L B/ T 20 b H ), K
ERMFHIC £ ) O F AMO.CEHIERE IR O
TELTRIEEPMETAZEDMIFINS. 4
FIEPIx A, SHIKRFATLEELEbLNS.
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I R CEEOMS D EEDIEEIIRIE R H
MATE N 21 6, Z5ICEEHEEZONLS
BIZ DWW T, “"Te-tetrofosmin % F V> T/ ARIEIL
MmFERErHEHL, RFEiTo7.

2. BUEREEA & LR RPUEINE OF BB R
WEEH T HEED sensitivity (IZNZFN 60%,
90% Tdh o7z, ) BLSHUIBVTHRED L D IERE
WIRAHEPE & RO L T,

3. WEREL THEREDG ZVHIZBWTD
L EINEMEORELZRDOTE), 52D
Wi & 2EMFETFREEDIE T ATRME S hzhs, 4
BREADPLETH 5.

4. LEHIEIBEMEOHE BT A LI
0, BEARHETIIARE T & 2 WIRED I S h
A REMEDSRIME S T,
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Summary

Evaluation of Ischemic Heart Disease Using the Index of Relative
#mTc-Tetrofosmin Uptake Increase at Exercise

Ayuko Horr*#, Junichi Takr*, Kenichi Nakaima*,
Masami SHimizu** and Norihisa ToNAMI*

*Department of Nuclear Medicine, **Second Department of Internal Medicine,

Kanazawa University School of Medicine
(*Department of Radiology, Tokushima University School of Medicine at present)

We calculated an increase of myocardial *™Tc-
tetrofosmin uptake during exercise from resting con-
dition, which was thought to reflect coronary flow
reserve, and assessed whether this method enhanced
the detection of coronary artery disease (CAD). Exer-
cise myocardial SPECT was performed using *™Tc-
tetrofosmin with one-day method (exercise-rest) in 26
patients. Twenty-one patients were suspected to have
ischemic heart disease and 5 were control patients. A
polar map was used to evaluate the increase in counts
after exercise. The parameter of % uptake increase
was obtained by the ratio of exercise and resting myo-
cardial counts. The uptake was corrected for adminis-
tration dose and time decay between the exercise and

rest studies. The sensitivity for detecting patients with
significant coronary stenosis by visual evaluation and
% uptake increase map was 60% and 90%, respec-
tively. In 5 patients, % uptake increase map detected
stenosed coronary artery lesions that could not be de-
tected by visual analysis. We concluded that the %
uptake increase map combined with conventional
SPECT images enhanced the detectability of coronary
artery disease and the evaluation of the degree of coro-
nary flow reserve.

Key words: *"Tc-tetrofosmin, Myocardial
SPECT, Ischemic heart disease, Percent uptake in-
crease, Coronary flow reserve.
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