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Summary

This study clarified thallium-201 (T1) kinetics in the early stage after exercise in patients with
ischemic heart disease (IHD).

TI was administered for 39 patients with IHD and eight normal subjects during maximal exercise.
Immediately after exercise, dynamic data were obtained using a double slant-hole collimator at one
frame/2 min for a 20 min period. The data of 10 frames (20 min) were spatially smoothed, and semi-
quantitative segmental analyses of the uptake and kinetics of Tl were performed by computer. In eight
normal subjects, T1 uptake was uniform throughout the continuous 20 min, and T1 activity was un-
changed throughout the 20 min period after exercise. Among 39 patients with IHD, 39 had TI defects
in the first frame (initial defect). Among 39 initial defects, 15 (389%,) showed complete or partial early
redistribution as early as 20 min and T1 activity in the defect increased (10.5+1.5%) over the 20 min
period. Early redistribution occurred in 10 (43%) of 23 patients with effort angina and in five (83%)
of six patients with variant forms of angina, but in no patients with myocardial infarction. Patients
with early redistribution showed a greater frequency either of good collateral vessels or of mild stenosis
of the coronary artery, compared with those who had no early redistribution.

In conclusion, analysis of T1 kinetics in the early stages after exercise can provide important in-
formation about the coronary perfusion state during recovery from transient ischemia, and early re-
distribution may be a sign of preserved hyperemic flow in the ischemic region.
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TI1-201 SEBA T LGY v F7574— (Tl
201 SMS) 21 3 BAMBR A —B MG R
FTRTIEETHBZ L, ELAMbhiEETD
310, pEkh b Z oOFHHBRFOHEZ, T #
#2520 L IBETIThhTWE B8, K
SREIVRIIEZY I B ETHIEE, ZhiED
IO RBRFIZES L OMToWTIE, FEMRRE
Bhrv. BeAZzokdRBE»S, 25D
b DO EIFHEE RN RJREZ:  double slant-hole colli-
mator™® #Hv, Tl #E5%BHoHA Tl iE
HOBBHELEH LML, EBCL ) FERS
Nl HRmERIC R 1T 2 28 Tl I\ o8hRE2 8
BYszticky, RUEMMOBERIVZD
R ERE BRI L7z

R EFHE

FRIBEIREE B L OEEEE L BITLE
%R & (THD) 39 4] (46 35~72 5%, 35 55
% B 3361, k64T, ZONRIIBKIAMEIG
BEEOHAEL AT 84 & & T HIEMIIE
23 fil, REDBLME 6 4, BEEBPIEEZF LRV
OMI 10fiTdh 5. 7k, HBLLT, LNEED
BEERH LR WEEEE 8 6 (il 14~61 5%, ¥y
5% B76, klp)zmx, #47#licox,
UT o84 1T -7- (Table 1).

BEIREREFT R, 72 ) 20EHE0RKE
Ho&, 5% UboRErHFELHAEL, MR
14T (collateral) (x> KEFWRHIZL v, good,
poor I XUF none o 3 EXREIC/MT, METL.
TI1-201 SMS (Z{PEAMI= L T2 — % —%{EFH L
TITV, 25W XD sAL, 3T Lic 25W 5
#AL, symptom-limited o FABERHREIC TI-
201 chloride 1.4 mCi ##IRPIRE, &oic 14
FFR—MEDEB ZHtiT S ¥, AWK TEZ X

Table 1. Subjects

Effort angina 23 pts
(with OMI 8)

Variant angina 6

OMI without post MI angina 10

Normal 8

Y on-line ¢ minicomputer {ZH#EkE L7z 60° »
fE#£ % HF+ 5 double slant-hole collimator (3
ER) 2RV, 127 LBEBRELOMEBEEY —EI
Hozxx, RAO 15, LAO45° w2 HMALy
17 v—2a 247 L iz 20 4y Ry I data INEE
24T o7-. o, Nitroglycerin (NTG) 0.3 mg
PETHREL, 38%icEbIcEY @ T10.6 mCi
E#EL, NTG image ¥ B72. —7%, ARRIX
VAFHKET Stk c3FE I, V, V) o
BRE, #7HICE 3 ILE% REFRYICEESE L 2.
Data #4713 AH#& THE% D initial image &, 10
5%, 20458k NTG image #ZzhZh
computer Ejff iz T smoothing D%, [LMfFic
10/8» ROI #zEL, RAO15°, LAO 45° o»
DFBIzZHI1T 5 RIBE T O relative activity (%)
FHEHM L (Fig. 1). ARE—AMEXBOFED
HIEiZ, AFTEEMERE o delayed image #Fw
IRERDHEFE Y, BR DL {,NTG
EHWE Tl 2E4SEEIZBIT2 NTG image
ERWTITo . —F, ARGEH T &
THERMILUTDOI L 4Tok. T4 bbb initial
image 23T, IHD 39 f|ixrelative activity
B o & bR E R 39 0 B XU EEE 84
TX 2 FRDOEZ LG5 T relative activity 3% -
& LIEfE &5~ 16 4 Fiic oW T relative activity
DRI ZEL 2 BT L. & 5ic initial image
25 10438 L0020 4042 > image TOLGE
43, B X UFHEFIC I 5 pixel bz b O Tl
EHEOBRIERZEH L. iS4 EoxGUND
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(1) Data acquisition
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t t 1 t
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image

) Data analysis

Y

RAO 15° LAO 45°

count in each ROI
maximum count

relative activity (%)=

Fig. 1. Methods of data acquisition and semi-quantitative analysis of T1-201 images.
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Fig. 2. Comparison of T1-201 relative activities immediately and 10 min after exercise.

—315—



K&, B’E, o, @h

relative activity(%) 20 min after exercise
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Fig. 3. Comparison of T1-201 relative activities immediately and 20 min after exercise.

Changes of myocardial T£ activity (%)

110 1

100

[{]
o
1

102.4+4.2
(h=6)

98.7+3.0
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Fig. 4. Changes in myocardial T1-201 activities in the defect and normal regions imme-
diately and 10 min (left), and 20 min (right) after exercise.
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mean * SD
95.0+4.9 94.4%6.0
95.8+3.8 97.0%3.2
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100 95.4+2.6 100 -
(n=16)
92.8+2.6
(n=16)
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—nNs.—

Changes of myocardial T2 activity (%)
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Fig. 5. Changes in myocardial TI-201 activities in normal regions immediately and 10
min (left), and 20 min (right) after exercise.

83.118.7 86.8+4.4 89.0*4.8
(h=6; (h=33) (h=8)

_ mean *+ SD
5 . 82.6%7.2
~ 904 90 4 (n? 8)

k=
>
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S (h=m) (n=28)
N
= -
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Fig. 6. Changes in lung T1-201 activities 10 min (left) and 20 min (right) after exercise.
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Changes of counts/minutes (%)
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Fig. 7. Blood TI-201 time activity curve early
after exercise.

IHD 6 fflic v TI-201 SMS ##47L, AR
Bk X v 20 5y REmEAG BRI L, fud T1-201 3%
HOBLEBE L. Hitu#Eicix F RE:R
o REER W

¥ S

1. Double slant-hole collimator DEE

IHD 39 {51, {g% 8 #liz351) % double slant-
hole collimator iz X % RIBOBHKEE R, FEx
DORBILE ICH L TORITIE, apex &R &
sensitivity 81%, specificity 83%, apex #&®»
% L sensitivity 89%, specificity 94% <, BiF
REERBE LR

2. ARREBEHO T1 FH0Es (Figs. 2~7)

Initial image 7% 1043440> image ic¥31F 3
relative activity Dk, BHEZE 8 #H 16 4 H
TIIEERE (03£29%) TH by, 20 95% {5
Hii: £6% Thote. —F IHD 39 filicks i
% initial image & 10 434% image o TI 43451,
BERED S OBKESE ED 7, 64655
TiX initial image & 10434 image 231}

3% relative activity o FZ 28800 9.7+1.2%) »
@Ww bhiz (Fig. 2).

Intial image & 20 4»#% image 2833 Tl 4
fioxtlk i, 1044 image DA L HBRL,
BEFICBNTHEBHORE WHEIEZED bhi
boo, HEt EZEFRE (02+4.2%) TH DY, %
» 95% SR 9% Thot. —F, IHD
39 i 11 48] 11 43 Hfiic I8V T relative activity
OEERHEM (105+1.5%) 278 bhie (Fig.
3).

EEom#E» s IHD 39 fio > s, 10454%F
721X 20 3% > image (2351 % relative activity
OEBE MRS Shi 15 4] 38% (10 5%
20 0 image L bLICHBEAREMERD -
2HleE) s REIBEM AR L HEL, £ Al
o 24 L oxtRE T . BREIBESAE
MO, FRMEAES, BIORES oL Tl
EEDO L - & LIEWAHEiIICEIT 5 pixel Hizv D
O Tl EHEORRHEBZ2 25 L, AREE X
D 10588 LU 205% o Tl EHOE(R
3, BRHIEMEEESE RS ER A
L, BECEEZT UL ¥R ¥ENmREsy
fiicis VT b, ZzofF Tl EEOE LRI
Bl LARICEEZ R LK (Fig. 4. —%,
IHD fls XogEflics v TOE Tl o b
> L bRVWAETOEE T, 10 5%B L0 20
BBEELICHEEEIRD bhkh o (Fig. 5).

BHIESG L% T &L offRE 25 &,
0% XU 2040% L bic, BHEMMORE
i & 5% Tl E\EO BRI FEZEIRBO L
ol L L205% T, BEHELIHEYE
FlixfeEphiciy, Mg Tl EEO B LRIFE
WCIRfEER L, BRHIFSMBESI <, Mg Tl
EEAEBMEHECET T2 e8RS k&
(Fig. 6). —J, AR 105343 X020 o
Tl &, zhZhnAMEZO 11.0+4.9%,
79+47% %L1 (Fig. 7).

2. ERH2;x (Figs. 8~10)

fEf 1: T.T, 405, Bk, REOE
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Fig. 8. Serial T1-201 myocardial images after exercise and nitroglycerin (NTG) images

in a patient with variant angina.

(Fig. 8)

HARE% o initial image Tlix, HED S0
RIS HT T B 2 7 RERDSFED B Tehs, 10 53
T T RIBOBES ERL, 20 5%k
NTG image & [RIFLFEIC % ClalfE L7223, initial
image X v 20 43% % To relative activity D%
fbix +10% Td v, BHEHMENE & HEL <.

KER) 2: S M., 4958, B, TEMESLOEE
(Fig. 9)

Initial image T.ORHES LUHPRRICBIZ S
R, 20 B omEE TR B AL (relative
activity +6%) T o723, NTG image Tl
8% 0 AR DR IBA & TR L 72, ABliE A
iy, —iEMERIBEER St sy, RIS
et & HE S e

aEf 3: KON, 49 5%, Bk, BRIAMECH B %E
5 (Fig. 10)

TEED HRBEIC T TFR® b KIRIT initial
image k9 2050213 TR VBB L A2 D (Te-
lative activity : —5%), HizC 2 fEf| & B2y, K
{813 NTG image Tixie L AEKEAZ R L 7.
A AR, —BEXIBERD T, R
WIS btk L HEshic

3. BREIESTH LEEKRTR &L OXft (Tables 2~4)

RGO G I X 56k, MR sEE
wDA o7, TI-201 SMS e snwL, A%
R g 2 A T 5 s R A B 15 ik 14
il (93%), 1mm PI_EoskKPER %72 FRERo
ST & T2 15 filrp 13 451 (87%), Q EAH L AW
Fiico 1lmm Plo ST EF2515 g 14
(7%) 123» b, Mg Xoukimt: ST 2z
RTHER, wWhb BREIES RS L,
HEICERICR D b h k. AWKTEO rate
pressure product (RPP) & &fi&Eix, RHIHEL
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Initial

10 min

20 min

NTG

A
LAO 45°

LA o
RAO 15°

Fig. 9. Serial T1-201 myocardial images after exercise and NTG images in a patient with

effort angina.

TGTEF D REEFICH L, KfE% & 2 EHAZRL
e, AEXEIED Aok (Table 2). £
P& TR X OVS ftlc By 5 ST Lo fkny
Wb o kRt ciE, BMIEAH oA X v AR
#THo ST RALOHSHEICIAEEEZ D i
Mol S, RIS <

ST fRALOFREE T X 1T 5 M2 38 wn,
Afpi e Fl— v _n i + % B (recovery
time) 3, RIS fﬂﬁ W ET 2358 B
7= (Table 3). THD O)ﬁq]‘aE,D,IJ < BTG O3
BEx H 5 L, SEHSLOETIE 23 fid 10 fﬂ
(43%) 1 EEVPOOME T 1 6 45 5 #11 (83%) iz,

DEEETE 29 Fild 15 il &, #9308 o an
fe. —75, BIAMEEZE 10 5] <25 T RES
TiiZFE» b o7 (Table 4). 7 B AT —
MM R PROERE I IR w b, BE

EHI TR RHNED bhish ol

Table 2. Relation between clinical data and
early redistribution

Early redistribution

(+) (=)
(n=15) (n=24) p
Age (years) 55.7+11.1 55.5+9.68 N.S.
Male | female 11/4 22/2 N.S.
Stress test
Chest pain 14 8 <0.005
ST depression 13 13 <0.05
ST elevation 1 0
RPP (x10%) 17040 197 +£54 N.S.

Work load (watts) 65428 83+30 N.S.

RPP =rate pressure product.
N.S.=not significant.
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Fig. 10. Serial T1-201 myocardial images after exercise and NTG images in a patient with

old myocardial infarction.

Table 3. Relation between recovery time in
ST change and early redistribution

Early redistribution

(+) (—
ST max (mm) 2.08+0.89  2.14+1.16
ST 5 min 0.4140.52  0.95+1.39

Recovery time (min) 2.18+1.37 3.13+1.53

ST max=degree of ST depression at maximum
exercise; ST 5 min=degree of ST depression at 5 min
after exercise.

4. BHIEHT L BHIREZE L O (Figs. 11,12)
RINFLA5 #0 b ie JelIEREHIC >V T,
RIS L EINRIE & OBIRE A LT 1
MIEFHHEEBR OB > WT 4B &, FiEE
WelhE 1 1009 Jede s 4 5 4, BHIFEAL

Table 4. Frequency of early redistribution in
patients with effort angina, variant
angina and old myocardial infarction

Early redistribution

(+) (=)

15 24 P
Effort angina 23 10 13 N.S.
Variant angina 6 S 1 <0.025
Old myocardial

infarction 10 0 10 <0.005

Btk DFREE AR N B 23380 B hvie. —75, R
AR DS E SR 1T B S e A OE R T S
w441 80%) 1% 75% LUTFoOPEEZAFLTH
D, WEREEGT EHE 0D ERZED Hh
7z (Fig. 11). F7z, WFhoOPLRER & 3 IR
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Effort angina Variant angina
(n=23) (n=6)
% %
100 - 100
B2 early Rd (+) n=10 24 early Rd (+) n=5

80 [J--early Rd (=) n=13 80 - [J-early Rd (—) n=1
60 60

40 40 227

20 4 D I ‘ 20

iOO% 99 % 90 % 75%7 <50 % 100 % 99 % 90 % 7%% <50%
degree of stenosis degree of stenosis

Rd : redistribution

Fig. 11. Relation between the degree of coronary stenosis and early redistribution in
patients with effort angina (left) and variant angina (right).

Early redistribution (+) Early redistribution (—)
———— P<0.05 —mM8 EEE - jeopardized
% % -+ non- jeopardized
801 80 -
> 62 %
2 60 60 -
]
3
o
i 40 40 -
20% 20% 23%
20 20 1 15%
%
poor none good none

Collateral Vessels

Fig. 12. Relation between the development of collateral vessels and early redistribution
in patients with effort angina.

— 322 —



HIT o & BB L ORICIZE & 2 BB ER
B ol ole. FEWROE 23 flcRHES
i L EIMAT & OB EE 25 &, BEIESMA LM
BT OREDOEE L OREIC, B 5 7ieBEITER
B ohRpo7eh, X FELARIMLTIZ RS
BoambEtED 10 i 6 1] (60%) 12, BHIFN A
Bt 13 fd 2 4 (15%) icB» bh, B HFES
mEEFI T, 2ok 2ARINITEE T 5 RE
PEETH o7 (p<0.05). &5 icMREIMITEAR
MEFICEEPRIELH L7 non-jeopardized col-
lateral ¥, BHIFHMHEME FITE 8 Fif 6 4
(75%), BHFESMBEAER]T X 10 Fild 4 1] (40%)
R Hh, BHESMHEMEGIC non-jeopard-
ized collateral #F 3+ 3 3HE OB WEABIED 5
hi- (Fig. 12).

E #

1. B&F5EICBT 385

A% iz double slant-hole collimator #
Av, DN T EEOERHIEERA XD &
RAade. fek, O T &0 ERARETIC
BWT, Zv—2afiolfFo “METHRT BT
—FBICKRE B S22 LEH A T W
3. Zoew, ZHERANLORGELELTS
#Ekd collimator Tix, BRZ 7L —LDF—
2Bz WL, “MEFR” O FHEN SLE?
LY, T ESEHERbOL LTV &
tizxt L double slant-hole collimator Gix, #
AT EERELOMNBE—EICHR-TcEE, 25
M X b R EER R F— 2 IEE 1T ) o,
“UEBETHh” 2B/NRICEDZZENTETH
5. —F, REECBIFERRALLT, #2508
i 2045k, @BENNSRBZE, B2
T LBHBRE L OMBE—EIRESLD, BRSh
ZHMAMBHIRSNB Z L, BHEE=) 2 —&—
Il L, ZERNRENRS D LY, REBETS
ha LHrLBEAORRTIZ, ELVWHILAKRE
THHILIMNT, FHEF L L b IERDHE L 1
iR 5 Z & BHERETH . &5z RAO,

Early redistribution o fEERAYE 5

LAO o 2Ff» 6o image Mgz X v, &g
BRHIcB T 2k 12 sensitivity 89%, specificity
94% LBIFLERERELA, BEAVLHhB 3
HrgEgkicby, AEREC+HAERRTREL
Exbhlc. ok, AWETE, AR, —i@%
KRBOFEOHEE NTG 2wz T12 @45
BICES&fTo. BRIV L L, kAR
%o delayed image # vz ‘fill in’ o
Yiehke, EoFEIcEs ‘fill in’ o¥E
Fk L B WBRE LR 25, Kig#Hco TI
EHEOBMT, FiFCELBEEFILBYWTEEIRK
ThHY, SHRHPBPOTL L, FKikick 5ES)
R—IBMEREORMKEE X, fEkoFEEzAVE
Rozanski 59 Dpii#Es LS EEA BohTH
5. UEkXY, RETEIEROFEICEL, XV
R Do X Y BRI, ARR—EEXIREHE
LY3LHRENS.

2. By TI FHEHEORS

ek T1-201 SMS iz, —@MEifLofsiE L
EhaENMBELET T #E%2 20 L 48R0
one point TH|FEEN B Z L ML L4, FBHF
BAEEE U % D> W T oRERINRE R4
bote. LLIERKRE —@ERLFERICET S
B T] EWBEICER LG d iy, —
7, B T iEHSIERICE 3 EBRERET L, W
KOPPERENBITEET WY, Beller 51
REBRIAR 2 v, EEIREERE O O AN
Tl GBI 2 RIS L, BmfERcs T
5 TI &M, SHAERICK L, FEEKEES S
#iz 2451, 20 534410 2.5 fEICHEN L, B~
o Tl EENEBHBFICAELZ LM E L T W
%. Schwarz &' (3 EBINREREGE 15 53812, B
MEBTIREFRD 69% icx< T EELEEL,
ZORRCIHESRIRBRER R BECERLA,
MCMHERIC R I % active extraction ASHEIfARES
BEHICEC LHELTWS. LR EBuI,
BiEo TIHEERE LD TRAICEHL S 5 2
LERTLOTHY, ZOAICEAL, PEENS
2 WIcR 4 ORRRIIRET T, THD 39 g

— 323 —



KZH BRA, I, @

15 411 (38%) ©, EBWET#% 20 5 ORFRTT TIC
KEBOBENZER TS Z L 2Rz, BHEM
Bl R L, AT X 5 Mo o R ik
ST ZLAEHEEICHED bh, BYEM S —B
MEMZESEFICEL S Z LATREREZ. BH
BTG TE, M Tl S i asE
BF+sicbrrbsd, REHTOLHA TI
EHRAEcEML, Soicmsp Tl iEHE, Tl
#5510 % caBEERD 11.0%, 203% TR
79% LHEHRI-ATWSE Z LARER. L
TehoT FHox H BE L REIEAOHERIT BiC
back-ground DEIXict bbh 3 BHETEIRL,
EBWICRO bRz <, mpicEETs Tl
2, AFgEHICEmEORIZIB W T active ex-
traction XN i-fERAE U LAJREMESBVWEEX S
h, BAMRELOTRWVWRRRIZEL Y ZZ LN
scEhz. —7F, Fig. 4 2R+ 2L K BRI
Tl FEEoBRT, BHBEIMBEFOHRL D
¥, BHEFlicWT L, BEFICLAERIRKT
b5 EWREN, BYMELSMEMES IZ W T
4, 5L v o Tl washout AMeEE T LHESR
PTRBRVWENREEAZ LD LHRAESHhS. Z0
L RIEAHEEG T, PlIER KRS
DBz EEETIMALEL DN

3. EHiESHRROBRMOER

Kronenberg &9 n#fi4Ecix, MowmIslenrs, TI
25 S - BEEOE 3 #)C, initial image T
i ST LRI —E L 72O, ok
frickL, Tl EMERA LA TTELTWIZLL,
ZORREE LT, EREMERECEC 5 RIGHESR
Ifi (reactive hyperemia) BNEEREFTH S L
R~ TV 5. Stolzenberg 1) |3 EE 12 SR B HOIK
ZErf L& v BREPER T, AR, initial
image T&4 b h i KIANE OREN 1 Bf#KICIX
FTTCIREBRLIZEBRELTWS. BRAOKRIFTH
BHIESM IEEREL A L2 WREROERIC
BHEEICED bh, EROBE L FROKERLE
Bhie. —FHFEMBOLEE 23 FT X ARTRAE,
g ST 2L &FIICED bhihs, BHFES

i 10 (43%) icB W T L HESh. B
W6 O % & R S E T BRI A E L oM
B S 2 REEEED bh AR » o, BHIF
SAABHE D FEMBOLER Tid, BHEFICELER
FRABIMITEET2H BB S i Sholk.
Gutman 57 3EMmHELNEEFMERFRE LT H
AHDOEL BREHIICO ERATL, PAHE HIRE 2
BHE BB BRHICEL B L L, Bx LODE
RBAFEREIBELTVS. ZOFEEE LT initial
image » Tl #5.6 3% X ViR s h, BHIHES
AnlEfgcHEsh TR Y, REFRHEIRA
DPELRRZZ L, BIUHEBHEN REMNIC
ThhTwaz e ¥nlbiFohs. FHeix Tl
BESOHOBETIIEENL > TWE I LeE
BL, RERMECESE, BERO ELo
28D P loms: BHELIMHELHEL, R
HEHHEICHL, XY EFENCEROBLLEIEX
X eRAT. ZoFER, RERABNLITEAT
3 EEMEROE T 1, RESROERE, BHES
HRESEE CBE S h. Thbb BiF2 AR
fraEiEEH I T, —@EEnEE~L Y
BEAROWEY b6 L, @ T1 5 ek
BizhTws B#iciE, Bioms~o T o
active extraction 24U 3D EEXHNS. L
TeioT, Fx NBELLBHESHR, AR
X B LR ER O (KBRS IR E B 4F 722 (B ML AT D
mExEML, Ly BEHlcEHESELNEHAERIR
ZTWBAREENRVWEEZLNSE. Z D Z L
i3, BHIEAMBER TARZOLER ST 21k
oEER L Y EMICELZHEA DL, BX
OHERR T RMFEM S 1 F LB bhkn
STEHEEND, +HMRILY ZLEXLRS.
Pkxv, AFgEHO T kinetics fZ#TIC X
Y, —iBMEELERIC BT 5 EMEEERE® I
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