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Practice and Future Aspects
of Nuclear Cardiology

Shin-ichiro Kumita, Keiichi Cho,
Masahiro Toba, and Tatsuo Kumazaki

The field of nuclear cardiology has demonstrated sustained
growth in recent years owing to its increasingly recognized
value for clinical applications and patient management.
Computer advances in this field have allowed the technol-
ogy of ECG-gated SPECT to become a routine part of nuclear
cardiology. In our laboratory, myocardial perfusion and left
ventricular function during stress (bicycle exercise or
dobutamine infusion) were analyzed in a single examination
by means of gated SPECT. This procedure has the potential
to provide comprehensive information with which to evaluate
patients with ischemic heart disease. '*I-BMIPP is a branched-
chain free fatty acid, and its distribution could provide use-
ful information about metabolic function in patients with
ischemic heart disease (including minor infarction) . The solid-
state gamma camera 2020tc Imager is now commercially
available and has been clinically applied. The lightweight
and compact design of the camera allows mobility of the unit
between departments and floors. This technique would be
useful for assessing left ventricular function under emergency
conditions. In this paper, the techniques of examinations are
described, and potential assessments are addressed. We look
forward to further advances in nuclear cardiology for the
accurate diagnosis and management of patients with vari-
ous cardiac diseases.
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O I D IR B 2o it ik & L CRFLEBILE > >~ F
777 4ANPHENTEY, KE80~9%0%), KR (70~
90%) & b IZEAFLLER (60~70%) 12 1 L BT 2 ip lirks SRt
BohTwa, JEEEMEE L TREEBEEIVITA— 5%
Ly FINIZLBZERIEATFHCONRTBEY, O
BEEEELEMES S Z LI L DL RN EFERT 5.
F 7= JEE) BT ASEREE 2 FE S L CEFIRMAT b T
Bh, YENVFE—NRTF/ ¥, ATPIREMELREE
MEEETsZEicEy, FAFTY I VL EBAR LR
B OTREEEE A NS5 Z 12 & D LR MO
2179, SZTHEMY YT/ T 7 4 I3HRICRBEEIIRZE
FRIHLTWBOTIE R, HBREOEBIGIERLIERE
FERN R A LS A MRS R AR T, R IR D R EE &
B B0, BTG M LI EEE, Ca
FREHEESE DR % Ik S8 578, BETEEIIRASEE X O AEF]
L, A TINSOBHFELRHSETARNY v 77
57 4 AT EHEE O HEAFICBT A.0HRILOFEE
ZE - FHIT A ENTES, AT, INFTICERS
Nz ¥ 5 ¥ A2 & ) BFLOHSPECTHT /L & B E OF 1%
Y O BE AR E T v A, Hachamovitch S Vid
5,183BICE Y F 79 7 4 # AT L, HMEOERGEAESR
E OB ERE L2k 2 A, OFBIEREFES] (n = 2,946)
TILLIIEA0.3%/4E, EETSAEAT0.5%/FETH 72D
L, EEERRET 2 30 725ER (n = 898) TlXEhEh
2.9%/4E, 42%/ELEBIIHEMLA. T0kHIZ, BV
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Fig. 1 Dual-isotope SPECT with 2'TICI and '**I-BMIPP of a patient with minor myocardial infarction. BMIPP
uptake is reduced in the posterolateral region, while Tl uptake is almost normal (discordant). Based on
this finding, coronary angiography was performed, and it revealed 90% stenosis of the left circumflex ar-

tery. SA, shori-axis; TX, trans-axis image.

YFTT T4 G REBEEREORE I, wEEOTE
ZEHIT A L) BEERHEEZH) LDTH 5.

EEOREHICE T 3129-BMIPPOA

20004 9 A ICIX B LHEE DB LHES SHAFT S h
72, BALES = — O —BIRIICK 1 5 IREE - REOS
W Troponin (T35 & U) % 721XCK-MB 2l £ 1, Troponin
ERIZ LY B SN B RUMEZE (CK EF- 2 f i) %, B
UHFREE 2 ) &) A 7 REEPAE D, SO milig L
LTafESIND L9 12% 072, LESPECTA A — Y IZMRI
RCTHZIZH LZEMMREENSL Y, LHET ISR T 548
FERZHM T2 Z LIHEETH S, LA LgDS, SPECT
B L L COMIMGTE & D b B 23 B REE O E O RE
FEERACHH A S 1-BMIPP 2§ 5 Z L ASTE 5. THDS
(& Cardiac troponin TF% (2 0.10ng/mL) TCK-MB A IE %
18 (< 20 TU/L) DFEFNZ 3T Lo O ZE DFEAEHISE - ERAT T
24T ) BRI TICL & ' B1-BMIPP % F V7= 2 #%FE IR
DY FTTT74RMATLTWA, Fig. 1 1320 B
BENFEDNIIEGITH 4%, BMIPPIZ TOAKMBED K
METARZ SN, ZORRELEZTHT L -EHRER T
b FAERHE T332 R O3k R 7: 70,
EHISEBIRA > & —X> 3 v (PCl) AT bhi. b
BHE - SN OBEE LI 1213 21-BMIPPLFSPECTIC &
LLWIHBEREZEZ 5.

DEEROCEHY > F T 5 7 « DERKIGFR

#mTe-tetrofosmin, *™Tc-sestamibi & V15 727 7 2 F 77 4
FRACOARME b L — 3 DO ERARME 7 & UNIZSPECT N4 1%
o - 7 & ALBREEE O FE (T LE R F O A SPECT
(Gated SPECT)H )V —F BE L LTIFbRB LI 124
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D, EZEHEFITHY 7 b7 & LTQGS 7104 T 4998
WHEhTwE, A707 54108 ) EHSh2E Sk
B LVUESEARIIMESY ) 71 L OBRESHUENE L, F7-
BT AT BB TH % 22 0EH 7 — & OFIN - BB
BENG.

1. DIRBOBN & & URBEE
DERBOZBWNIZE L, Gated SPECTF— % 12 & b .Lgii
WA A=V EEDIEERERRIEONL LW Z LI
FRPR B |2 A0 T REIEATE . A ZER) C & I ZE Hvi-
ability #ifli 1 2 3\ TR L AR ML S B B U e TS SR AT
bbb llud, FTHEOHEEDMICEL, HMEIRIME
ETAEBMAIEFICBNTD, FOHMBIZN L L TGated
SPECT DG TN #aAERHMATEC) 5484 5. Lk % 3k
L7288, (ORFIMTAR T IS A U T S E i Ehs
FHET B, Z D70 LI T 25E T & 2 Wiikic s
WTHIHERERE AT b NI A12iE, EOBMTR &
HETE A, F7/2IS, artifactis X A BEHEO BRIV EETIC
bAEMTH A, Wkifartifact & L TR attenuation 12 & 2
THREOBHERET R, HFICBVWTIIAREIC X 54
BEM OB EME TN D25 THB8TE. ZDLd %
Y, BRETHH 5120 05H 5 FEESOIEEIMRT-
TV, BIERET T 2bERERRATH S LHET
& 5. Taillefer b9 I LTEH B8535 L UM Z306] & 31412
REEHIRBE CBAREOREZITo- LT 5,
OITITIAEREEe7.2% Th o 72DI2xF L, 9THZ M Lattenu-
ation DI % Z 112 L WP Te-sestamibi T1384.4%, =5
Zsestamibi-LMFI21ZGated 7 — ¥ w2 5 L HREEFI202.2%
ICETEA LA Z0 X9 IZGated SPECT % FV> 7= [FI I
FERERPAMI= L 0, AREMETHZBRNT LI ENTEE
IRZWIZ BT B specificity D[] LA SRS,

CFREEZEB A3 A 1ER L L TPCIR/NA /SR 775 7 Miff
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PAThNBED, o FEREEORRHEE -
JB#EIZ212 b Gated SPECTH H WS A, HIZEFHI
I BT 2 RS S T b —E QMR A IS
AR T ASRAET 5 &\ ) LRI & R RED
TMEAE LB DD Y, S0 (stunned
myocardium) £ FrEI N5, DX RiKEE—E
DOBETIEBETE 5.

LHEEROTEBRERF TH 5 HEHPHFF
fii, AEREBLUVAERBETIZLICZLEY
A7 EHEbITV D 5. HERERIHEHEITO
SHBICE, FERISEEILLMRT A EICX
DESIAIE L L, -2 I3
OO ERKIZ L W EEERIAL TS
5, ThOOERIKEREIEZE)ET) V7L
mah, HHEEERFT 5720 ORI L Z
ZOoNTWAEDS, ZOEZEIROETICL VS
WDOLAEDPEL, EaTFriELSEIBEIHL M
7o T &7, Gated SPECTIZ, ZD L) L HHERLES
)EF) VM IIRETH S, HE, VET) TR
S BIEEEE LTT Y ¥4 7 v ¥ Y EREERAEED
FEEEND X0k o727, BEENZEMFMOES?S b
Gated SPECTOA M IZE .

INF IS IUEREICE LRRR L7248, PHERED A%
SYYRAEICEIL T, HAREDIEEIC TGated SPECT
WX BBINHREL £ 2 5. FHE DI RE2BIZ 5 &
L Gated SPECTF — # I BT A EZE B m MR % 220k
BEIEIETdH B A E AT HMEE (PFR, sec™) ZHHEL, L
TNV FTIT T4 LYEBLAPFRELBE L E D
%, Gated SPECT@R-R 324°#| 7 — % £idr=0.75 (p <
0.0001, SEE=0.55) & RIF2HMBZRLAY. ShICXD
Gated SPECT % Fi\» 720G ML - AL IEERAERTRZ 4T R %
7o, EALRBERFE O EE L2 EOMRBIEE, e
BIZL AR BEEFERIBONLIODEEZD.

2. BRRFREEERRITDICH

Gated SPECTDEBIEFRAENDIGH & LT, EE)ATT
BOSPECTF — Z ENTHKA LN TV A, T Tl
M EE 2 WAl 7O I —LD—2T, I
[29mTe-sestamibi ( F 7= ldtetrofosmin) %% 5- L 72 HGated
SPECTIC & V.UMMt - £ERET— 5 2/ 5. K Tw
TEBEFE AT L, RARBMRIC R Te L Mk 3
HOEE %2475 . #DODHGated SPECT T — ¥ LT
Z Rk Y, WREMEEOCIMTER L RO L ER
felEmAE LA L LA, EELCHEMNERCIIH
BRI BT S AN I ) BREEREE S BIEY 5720
(Vi@ Bpost ischemic stunning), ZNEILZ L) ET 5
FETH 5. ANBROLEEHBETHIFET HEMIZITY
RO Z & B hS S B EE CILFEE S b7z B LML % 52 B fiE
BIH% <, FLAMBOREEHREES X EEFEDH
KSR BB R OMA) & OBERRBESR, FREOH

FR164F3 H 25 H

Fig. 2 ECG-gated SPECT data acquisition during bicycle exercise.

EHEEDHE S TWAES 7,

RDOAT v T LT, AWEBETIEL (AMEOLEZE /KR
B ~OTEEEAE 2 5D, ZO7-81Z1dGated SPECT
OF— I WERMZERS LI LN RERD, FHD
(LR ER25 B % A RV - F U #id & L TDGated SPECT
7= F VAL (154 1) B & UFEREE 7 & IUE (3 7310) % &
B L THiAT, FhEhoF—%X0)QGS7us 7 4% Hw
LVEF(%) 3 & U'LVEDV (mL) D #4172, £ DGR,
1 S M7-LVEF, LVEDV®#TI3# 2R Er =
0.980 (p <0.001), r=0.983(p <0.001) &> T B 7= 4H
BAME &N, AEOEREROWTREEATRIE S 7Y,

Gated SPECTHIBFHIUEEDRRRIGH & LT, 3 EH)
B O FE AR RERAT % A7z, JEEYETT L [AFEEICSPECT
A A= hWET B0, Hr<h ATy FICHAETRE
7 BiEERA TV T 2 — ¥ (Exometer™) % f#JH L 7 (Fig. 2). .
BB A breast band TNy FIZEEL, L L7:M LT
grip bar B HE 5 Z L1 X Y S motion artifact DRI
Btz &6 |\ZUET—# 125 Lx, y#ilJiE@motion cor-
rection” 7 b (AMC 715 L) &0 L7z, e 51k 8 il
Bt 129" Te-tetrofosmin 2 %5 L 7= 0 b, wHEIEE L U
75W, 125WEIEC 3 47 D Gated SPECT 7 — % & U

L, QGS7 T 3 L%FVLVEF(%) DHEHET-7. L3
$1366.0 + 5.2%°5100.4 *+ 9.4 (bpm) F T EF-(p<0.01),
LVEFEHEIZBWVTH56.1 £ 6.00°567.0 £ 4.3(%) FT
OLERIRZ b, BEHRALEEE LA OEEFTETDH
579, [\ RILAICHKA & 2 A, RIS AR
PTREEB)E T AR T & 72 (Fig. 3)'9. 7z L —F /AtD
729121%, motion artifactff IEDFEN AWME S E 2 5,

Motion artifact Z £EbH 2 WERT & L THRARMEIZET S
ha. ERIEMEEOEERME L, Lxa—-EiAv
72 F7% 3~ (DOB) A ORRERATSILHE ST 5.
DOBEFIZDOBDIF DRI R & 5 Bt e {EH, it
ZHVERNC X0 LEE D DR & LB OEINE 726
T. TOERCE ) LBBEFELHARSE, BREEHIR
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Fig. 3 Summed myocardial perfusion SPEECT (upper)and left ventricular function images (lower) obtained
from ECG-gated data in a patients with inferior myocardial infarction. The function image at rest dem-
onstrates moderate hypokinesis in the inferior wall. The function image during bicycle exercise shows
severe hypokinesis in the inferior wall. In addition, anterior wall motion abnormality is depicted on
the stress image. Coronary angiography revealed three-vessel disease. LA, long-axis image. (Adapted

from Kumita et al.’)

TURO B M P BEEB) BT 2 F5 S 5. LGB
DIEARDOBAFTIZ B\ THEZERBELEE) B% IC B2 B0
B E I IIBEZER  Zviability 2RAE T B EHIE S, EE,
I A7 PSEAR % DB SEER AR ST & & < Wed B B pRAs
PHELATWE, ZZTCLII—HE0/{b Y |ZGated
SPECT % fi\W :DOBA TS/ EHEREMT 2 £ 2 72354,
SPECTREIIEIA M THAH. LA LEHS, Ta—iEiz
LEFBRYE, FBIEICTEY, RS O/HILTETE RS S
N5 eV MEHFEEA TS, BELIL, Bl OESR
6751 (5 BL2E35H1) 13 L DOBIERA R~ 6 Fi ik B i
2B 1T B R % Gated SPECT 7 — % IUE £ 4T - 7210,
#nTe-tetrofosmind% 5-#% DL HHE 7 — ¥ UEE®R L 1, 4,
8, 12, 16, 20pg/kg/minDDOBIHE £ % % stage 853 FI4T
W, FKstageDIRTED 5 4312 FNENEREO 7 — ¥ &
ZHEAT L7z, T /A-DOBRKAMEEIIOTIZ RS L, 2 &
RIRFLAT A A — 2% 705 BMEFEM% N2 7. Gated
SPECTIZ B} % FATIUEZIL® 9 Bworsening pattern3 &
Ubiphasic response & [ 5% & 35 &, (HZEORBAED
BV32BC BT 2 BEBEBARE R BRI, 2 BER
SPECTT55.9%, Gated SPECT & ) 155 N7z #fz{2 ¢l
529%THY, MBEEZPFEDLLEBS%EEBETHo7. F72
LREZE3SHIIC BV Tid, Gated SPECTIC TR UM # 1
L 7248 ZEE (Fig. 4) 1255 (89.5%) |2 2 B[R FFSPECT T
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BRI REES L EZ B,
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PTCLBMAERF DI -V FEy eV rL—FH5

fiH L 72" Te-pertechnetate & B vy, 154 F8 BF G99 Tc-
tetrofosmin/sestamibi DEEREASE T3 5. TR L b &2MF
RERREG) 2 L1 T 5 Rk % BEBEDOMIEATHE & 2
b, FELOHR CTRBEST— & [UEER L L TENA
WELTT > =2 A A 52020tc Imager™ (Digirad#1#) % A |,

CCUNTOESMEIZH AL LTV 52, F#ITEERS
160kg LR ENANVEE LTHF Y A Y —TOBEID L
WOREBEE L, Ny F¥ A FIZBIABESBREIC L
JGTTRETH % (Fig. 5). AIMOEMBEHTHANC BT 22
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D 3 LEEFREZ AR EREGICRY, ccuxy F
F 4 FIZBTBRAMTEOHES B L UBEET— 5 DIk
IFoTwWh,

i3 % 91

Wi, EE 5 IXGated SPECT L 7 7 — 7 WV iE BIIR 3& &
(CAG) & Vv /=semiautomatic®® 4 A== 7 a—373a v A
T AR A AT, HAREERIIDSA T AT A & L TDigitex
aplus (BifttEL), SPECTT — & USSR 1L 3 MR8

<5 A SPRISM 3000% fiV 72, FHFCAGE AR #E
(LVG) o EEbE & fifr, F—OMES X UHEIIC Tm
R RIT, SV VNROME R E LTiA A —
VOBERADLEETo72. FHIZGated SPECTHRE %47
v, AT — % 09 bETLEEMRE L [ — A EDSPECT
7— & %, WIRRIIC BT ALVGESPECTE & D ¥L
% BRI L A X% HESE L7, KW TLVG%ECAG
[2f&H#i L, CAGESPECTE DEQAGHLEEITo. Fi-
CAG & Gated SPECT DFFfijfii % —F 3 & A MHIZ X 1) &

ESFVFTEDT a—-TaAi—T DIEEE

BIEFERIC BT AMES ) T4 DA A=V 72—V 3
Y, EIE, MEEEIRSIC BT APETSH A\ IISPECTE &
CTOEREGOEHTERIN TS, L LENSL, Ll
ﬁE?ﬁ@ﬂbH%ﬁf%W@twff—&7; Yav
, AT AR TH AL DD, kfmfmﬁ“
ﬂ&#%<§ﬁﬁkmw%tbﬁﬁ E LTI SNT
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Fig. 4 Left ventricular functional images
obtained from ECG-gated SPECT in a pa-
tient with anterior myocardial infarction. Coro-
nary angiography revealed 99% stenosis of
the proximal left anterior descending branch.
The functional image at rest shows severe
hypokinesis in the anterior wall. Regional wall
motion abnormality in the infarcted lesion fit
a biphasic response, which disappears at
12pg/kg per min stress, and reappears at
16u,g/kg per min stress. y=pg/kg per min.
(Adapted from Kumita et al. '".)
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Fig. 5 Data acquisition of multigated equi-
librium radionuclide ventriculography with the
movable solid-state gamma camera at the
bedside.
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FE-FDT2—=Ta A A-V%B5IEHFTE(Fig.
6). AELLHEEREEHROBEOA % ST, Hilli
BERO O, BT BV C O AR RE
FHEEER B, BE, UHIEEAGRE OF LB
DI BIS SN, BRIEH Sho05 5. EHLORHRT
b MK L SR 512 & 2 A F AR+ 1T -
TWEHH, LT LOCAGIZTHEBENELIEZLAIIIEST
WAV, D& D iBE oM R T I E R 2 iR
BOWEBIZOAR T2 — Va3 v A A=V RFRLEELS.

Fig. 8 Fusion image between
coronary angiography and
| ECGi-gated myocardial perfu-
| sion SPECT in a patient with
. anterior myocardial infarction.
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