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Summary

Patients with negative stress electrocardiography (ECG) (no ST segment depression) were re-ev-
aluated by means of stress RI studies including 2T1 single photon emission computed tomography
(SPECT) and %=Tc -RBCs radionuclide ventriculography (RNV).

Four hundred seven patients, including 303 with old myocardial infarction (OMI; SPECT: 188,
RNV: 115) and 104 with effort angina (EA; SPECT: 58, RNV: 46), all of whom underwent left ven-
triculography and coronary arteriography, were re-evaluated by symptom-limited graded bicycle ergo-
meter exercise RI testing. The results were as follows:

1. Among those with negative stress ECG (53%, of OMI and 319, of EA), 549, and 73%, of
OMI and EA, respectively, had positive SPECT.

2. Among those with negative stress ECG (56%, of OMI and 399, of EA), 709, and 399, of
OMI and EA, respectively, had positive 4JEF (poor increase in ejection fraction: 4JEF<59%,) and, 419,
and 289%, of OMI and EA had deteriorated regional wall motion.

3. Those with OMI and negative ECG showed no correlations with the numbers of diseased
vessels, infarcted sites, or ischemic areas.

In conclusion, RI testing appears to be a significantly more sensitive means of detecting stress-
induced ischemia, compared to stress ECG.
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1. 2Tl ;g5 SPECT
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Table 1. Subjects

DEBERELO2WIBEID RI I X 557

1. SPECT
CAG findings Infarct site
No. Male Female Age (mean) (yrs) 1VD 2VD 3VD A 1 A+I
MI 188 175 13 31-76 (55.1) 92 50 46 91 83 14
EA 58 51 7 39-69 (56.3) 23 25 10
Total 246 226 20 31-76 (55.4) 115 75 56
2. RNV
CAG findings Infarct site
No. Male Female Age (mean) (yrs) 1VD 2VD 3VD A I A+I
MI 115 111 4 31-71 (54.0) 50 36 29 59 45 11
EA 46 40 6 40-69 (55.5) 28 14 4
Total 161 151 10 31-71 (54.4) 78 50 33

Abbreviations: No.=number of cases; SPECT =single photon emission computed tomography; RNV =radio-
nuclide ventriculography; MI=myocardial infarction; EA=effort angina; CAG=coronary arteriography; 1VD =
one vessel disease; 2VD =two vessel disease; 3VD =three vessel disease; A=anterior infarction; I=inferior in-

farction; A+I=anterior and inferior infarctions.

Table 2. Stress-induced ischemia (SPECT and ECG)

1. Myocardial infarction (n=188)

ECG change (ST depression)

_— Total
(+) (=)
SPECT (Redistribution) Ef; :g :Z liz E:?:ﬁ; '
Total - 89(479%)*  99(53%) 188
2. Effort angina (n=58)
SPECT (Redisribuion) ™ 3‘; 9 s200%)°
Total 40(69%) * 18(31%) 58
*=p<0.005
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7o, TEERRERICBWTY, DERBEMEG LB
BlOBICIEZRELRD R P 7-.

UTFCER &RT.
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Table 3. Relations between the presence or absence of redistribution and number of
diseased vessels, and between the presence or absence of redistribution and
the infarcted site in old myocardial infarction (n=188)

SPECT + + - -

ECG + — + — Total
Total 76 (40%) 53 (28%) 13 ( 7%) 46 (24%) 188
1 VD 29 (32%) 20 (22%) 3 (3%) 40 (43%) 92
2 VD 20 (40%) 22 (44%) 3 (6%) 5 (10%) 50
3 VD 27 (59%) 11 (24%) 7 (15%) 1 (2%) 46
A Ml 24 (26%) 27 (30%) 4 (4%) 36 (40%) 91

I MI 45 (54%) 22 (27%) 6 (7%) 10 (12%) 83
A+I MI 7 (50%) 4 (29%) 3 (21%) 0 ( 0%) 14

Abbreviations as in Table 1.

Table 4. Relation between ECG findings and the presence or absence of redistribution in
infarcted area and/or non-infarcted area (anterior or inferior infarction; n=118)

1. Anterior MI

SPECT
Infarct area + + -
Non-infarct area + — + Total
ECG (+) 4 (17%) 17 (71%) 3 (13%) 24
(=) 2 (7%) 16 (59%) 9 (33%) 27
2. Inferior MI
ECG (+) 16 (36%) 22 (49%) 7 (16%) 45
(=) 8 (36%) 11 (50%) 3 (14%) 22

Abbreviations as in Table 1.

ER 1: 545%, Bk, HEMLE

AMOEN (Fig. 1) CREERBHERTRERS
s, SPECT (Fig.2) Tix, stress image
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2. RNV t&FOEROXE
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&3, EA 46 fith, AFLERBGMERE 61%,
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Fig. 1. Stress ECG (Case 1, a 54-year-old man with effort angina).
ST segment depression is not detected.

Stress Delayed

TA

RAO

Fig. 2. SPECT images (Case 1).
Stress-induced ischemia (redistribution) in the anteroseptal wall is depicted.

.
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Fig. 3. Stress ECG (Case 2, a 49-year-old woman with anteroseptal infarction).
ST segment depression is not detected.

Stress Delayed

TA

RAO

LAO

Fig: 4. SPECT images (Case 2).
Stress-induced ischemia (redistribution) in the inferior wall (small arrows) and a permanent defect
in the anteroseptal wall (large arrows) are depicted.
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Table 5. Stress-induced ischemia in old myo-
cardial infarction (RNV and ECG, n=

115)
1. 4EF vs ECG
ECG change
AEF (ST depression) Total
+) (=)
4EF <59, 47 45 92 (809%)*
A4EF =59%, 4 19 23 (20%)
Total 51 (449%)* 64 (56%) 115
2. RWM vs ECG
ECG change
RWM (ST depression) Total
(+) )
Deterioration 41 26 67 (589,)**
No deterioration 10 38 48 (42%)
Total 51 (44%)** 64 (56%) 115

Abbreviations: RNV =radionuclide ventriculogra-
phy, 4EF =difference between ejection fractions dur-
ing rest and exercise, RWM =regional wall motion.

*=p<0.005; **=p<0.025.

Table 6. Stress-induced ischemia in effort an-
gina (RNV and ECG, n=46)

1. J4EF vs ECG

ECG change
JEF (ST depression) Total
(+) (=)
4EF<5% 26 33 (72%)*
4EF=5%, 2 11 13 (28%)
Total 28 (61%)* 18 (39%) 46
2. RWM vs ECG
ECG change
RWM (ST depression) Total
(+) (=)
Deterioration 25 5 30 (65%)*
No deterioration 3 13 16 (35%)
Total 28 (61%)* 18 (39%) 46

Abbreviations as in Table 5.
*=not significant.
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Table 7.

Relations between regional wall motion (RWM) abnormality and number of
diseased vessels, and between the RWM abnormahty and the infarcted site in
old myocardial infarction (n=115)

RWM + + — _

ECG + - + - Total
Total 41 (36%) 26 (23%) 10 ( 9%) 38 (33%) 115
1 VD 8 (16%) 11 (22%) 6 (12%) 25 (50%) 50
2 VD 17 (47%) 9 (25%) 2 (6%) 8 (22%) 36
3 VD 16 (55%) 6 (21%) 2 (7%) 5 (17%) 29
A MI 19 (32%) 14 (24%) 2 (3%) 24 (41%) 59
I MI 17 (38%) 10 (22%) 6 (13%) 12 (27%) 45
A+I MI 5 (45%) 2 (18%) 2 (18%) 2 (18%) 11

Abbreviations as in Table 1.

Table 8. Relation between ECG findings and regional wall motion (RWM) abnormality in
infarcted area and/or non-infarcted area (anterior or inferior infarction, n=60)

1. Anterior MI

RWM

Infarct area + + -
Non-infarct area + - + Total
ECG (+) 2 (11%) 11 (58%) 6 (32%) 19

(=) 1(7%) 7 (50%) 6 (43%) 14

2. Inferior MI

ECG (+) 5 (29%) 10 (59%) 2 (12%) 17

(=) 0 (0%) 8 (80%) 2 (20%) 10
Abbreviations as in Table 1.
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Fig. 5. Stress ECG (Case 3, a 55-year-old woman with effort angina).
No ST segment depression is noted. However, negative U waves appear in leads V, and V;. An
increase in heart rate is minimal.

HRTYASHL ANGINA HAYASHI AMGINA

Q HAYASHI AMGIHA HAYASHI ANGINA

#

Fig. 6. Radionuclide ventriculographic images (upper: control, lower: exercise, left: phase
image, right: amplitude image).

In control amplitude images, mild hypokinesis in the anteroseptal wall is recognized. In addition,
regional wall motion in the same area is markedly deteriorated by stress.
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Table 9. Detectability of stress-induced ischemia by SPECT, RNV and ECG

SPECT (n=188) RNV (n=115)

ECG SPECT ECG AEF RWM
1 VD 359 549, 289% 749 38%
2 VD 46%, 849 539 929% 72%
3 VD 749, 83% 62% 76% 76%
A 30% 56% 359% 819% 56%
I 61% 819 519% 78% 60%
A+I 71% 79% 63% 82% 63%
Total 479 69% 449, 80% 589%

Abbreviations as in Tables 1 and 5.
(Each stress testing is expressed as %).
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I X 5 REEIRAE (—i@BtEE ) R, JEF ©
X 73~90%, RETESESHRE Tk 47~94%13~19
ThY, SEIOFRL OFERT LB RRKRRME
MZz5R L. AMLER & kL CESHAR RI
DEMECERZ R, RxO R T, FKic
OMI iz} 5 4EF opi#ERER Tz, La
U 4EF gl BB BECRH S, &
BORFIEBIhB I L2EBTELER D
B0, @EOWE T, Fi, M, AR
M, AFH%RE, ARRRE, ZTHRAERH
R, EXZWERRHEH, BEEHIRE, £EHIk
WEE, WROFE, LENELOFE, BEO
b r—=r R, FHHRTRRE, RYRRA%E R,
4EF Bz RiETHTTHB LEDATWVS.
L7c2oT, 4EF 225U b Sikeic BT o R
ERLTWS LIEXRT, BBEALEEL T
2PELHBLBEDNIB.

¥ 7, EHAF RI 2AFHLER L ) RELR
Ww—HE & LT, A OHgEk ¢id symptom-limited
EEAM oD, ANERRE, T2bLTHER
Bz ¥ CEBAME hIEL, BATRILHAKCE
LTVWARWAREEATWRZ LN ELLNRS.

L L, BEREL LT, zhllEoESHARI
RA[ETH 5.

SR CERfh il o8, AFLENSE
£, 2'TISPECT [atkfilix, BH OLBRIB XV
EEREHMRIVEZ, DFEERLIRRD L
EX DN BEAICFERIBBED bh i flrKE
¥ by, XVEEORMOKLYD, BN PHER
TERholtbDEEZ LI B2,

OMI iz L TRREEHIRE, HEEBLS IV
Bl SEER P E > I2T R BHELERE
AL RI BEOERBHRE L 2 L, »
FRHORTFTHLEREN R —EOHAZ RHE
otz

PEXY, AFMLERICEWTIREMCBEER
{, BTd3HECHEREMEFAPHEL, hHA
FLEBEROBRREZFRTLOLEDbNE. £, O
EERMES T L 25T RI BHFAIMSEEL, OFF
Btz s RI oFAESETES vz,

-3 5|

EEEE, BROESIRER CHRE S o
HLBRBBEIE~ 407 5] (BRIEHEC5 HEZE 303 4,
S VERUE 104 7)) iz symptom-limited FESHA LT
RI ## (SPECT, RNV) % {7, A#HOERE
HHlCOWTRIL, UToREEEHE.

— 426 —



1. SPECT &R, ARLERORMEG TB
B FRBEE 53%, FEBLE 31% T, 2o )
5 SPECT Tk, #hZh 54%, 73% icdinAs
HHohiz.

2. RNV ir#kry, AFLERORMEGIEBIE
PEOBEZE 56%, FEPLME 39% T, 209 b,
HEENC X 2 EEFHBO MU B E W H| (JEFL
5%) ixzhzh 70%, 39%, EBhC X 5 HETEE
EEHOE/T 1%, 28% Thork.

3. BHIBMEOEEEEZESIic T, RI BiHETARD
BHORMETH 2H L, BETHIRE, EERM,
B L O BMEALH BEERH» B2 HSFREIF L
2, WFhL—EDNHEBIZED bl oTz.

PEXY, AHLERTE D BHEE CHARMER
BEEL, AMOEROZERMAERTLOLE
2 bh, Ebik—@ERmRHICETS Rl 0ofF
FAEELEFICEREL A EEbhi.

Xk

1) —wbgesk, REET, WIERE, /NEER, P
Bl PrRZEES, YTE E, BTAER, I & O
5> v F 55 5D Emission CT #: it RS
2B e, O 15: 856-864, 1983
Hammond HK, Kelly TL, Froelicher VF: Nonin-
vasive testing in the evaluation of myocardial
ischemia: Agreement among tests. J] Am Coll
Cardiol 5: 59-69, 1985
3) Fukui S, Sato H, Ogidani N, Miyake S, Sato K,
Minamino T, Inoue M, Abe H: Clinical signifi-
cance of exercise-induced ST changes in patients
with prior myocardial infarction: Comparison of
electrocardiographic and angiographic findings.
Jpn Circ J 4: 1131-1137, 1981
Shaeffer CW, Daly RG, Smith SC: Maximal
treadmill exercise testing in the management of
the post-myocardial infarction patient. Chest 68:
20-23, 1975
Bailey IK, Griffith LSC, Rouleau J, Strauss HW,
Pitt B: Thallium-201 myocardial perfusion imag-
ing at rest and during exercise: Comparative sen-
sitivity to electrocardiography in coronary artery
disease. Circulation 55: 79-87, 1977
6) Markiewicz W, Houston N, DeBusk ZF: Ex-

ercise testing soon after myocardial infarction.

Circulation 56: 26-31, 1977
7) Rigo P, Bailey IK, Griffith LSC, Pitt B, Wagner

2

~

4

~

5

~

DENELORWLHREmD RI 2 X 55

HN, Becker LC: Stress thallium-201 myocardial
scintigraphy for the detection of individual coro-
nary arterial lesions in patients with and without
previous myocardial infarction. Am J Cardiol 48:
209-216, 1981

8) Ritchie JL, Zaret BL, Strauss HW, Pitt B,
Berman DS, Schelbert HR, Ashburn WL, Berger
HJ, Hamilton GW: Myocardial imaging with
thallium-201: A multicenter study in patients
with angina pectoris or acute myocardial infarc-
tion. Am J Cardiol 42: 345-350, 1978

9) Verani MS, Marcus ML, Razzak MA, Ehrhardt
JC: Sensitivity and specificity of thallium-201
perfusion scintigrams under exercise in the diag-
nosis of coronary artery disease. J Nucl Med 19:
773-782, 1978

10) Turner DA, Battle WE, Deshmukh H, Colandrea
MA, Snyder GJ, Fordham EW, Messer JV: The
predictive value of myocardial perfusion sciniti-
graphy after stress in patients without previous
myocardial infarction. J Nucl Med 19: 249-255,
1978

11) Massie BM, Botvinick EH, Brundage BH: Cor-
relation of thallium-201 scintigrams with coronary
anatomy: Factors affecting region by region sen-
sitivity. Am J Cardiol 44: 616-622, 1979

12) Jengo JA, Freeman R, Brizendine M, Mena I:

Detection of coronary artery disease: Comparison

of exercise stress radionuclide angiocardiography

and thallium stress perfusion scanning. Am J

Cardiol 45: 735-541, 1980

Berger HJ, Reduto LA, Johnstone DE, Borkowski

H, Sands JM, Cohen LS, Langou RA, Got-

tschalk A, Zaret BL, Pytlik L: Global and regional

left ventricular response to bicycle exercise in

coronary artery disease: Assessment by quantita-

13

~

tive radionuclide angiocardiography. Am ] Med
66: 13-21, 1979

14) Borer JS, Kent KM, Bacharach SL, Green MV,
Rosing DR, Seides SF, Epstein SE, Johnston
GS: Sensitivity, specificity and predictive ac-
curacy of radionuclide cineangiography during
exercise in patients with coronary artery disease:
Comparison with exercise electrocardiography.
Circulation 60: 572-580, 1979

15) Brady TJ, Thrall JH, Clare JM, Rogers WL,
Lo K, Pitt B: Exercise radionuclide ventriculo-
graphy: Practical considerations and sensitivity of
coronary artery disease detection. Radiology 132:
697-702, 1979

16) Johnstone DE, Sands MJ, Berger HJ, Reduto LA,

— 87—



%E) :#’ llliy 1Eh

17)

18)

19)

20

=

Lachman AS, Wackers FJT, Cohen LS, Got-
tschalk A, Zaret BL, Pytlik L: Comparison of ex-
ercise radionuclide angiocardiography and thal-
lium-201 myocardial perfusion imaging in coro-
nary artery disease. Am ] Cardiol 45: 1113-1119.
1980

IWEES : Bt CEEEE D radionuclide ven-
triculography (2 X 3, EBIARTHIH% D EREFEHE
5T 3ETFoMmN. = EEY¥ 30: 153-160,
1986

Letac B, Cribier A, Desplanches JF: A study of
left ventricular function in coronary patients be-
fore and after physical training. Circulation 56:
375-378, 1978

Ferguson R]J, Petitclerc R, Choquette C, Chaniotis
L, Gauthier P, Huot R, Allard C, Jankowski L,
Campeau L: Effect of physical training on tread-
mill exercise capacity, collateral circulation and
progression of coronary disease. Am J Cardiol
34: 764-769, 1974

Slutsky R, Battler A, Gerber K, Gordon D,
Froelicher V, Karliner J, Ashburn W: Effect of
nitrates on left ventricular size and function dur-
ing exercise: Comparison of sublingual nitrogly-
cerin and nitroglycerin paste. Am J Cardiol 45:

21)

22)

23)

24)

— 428 —

831-840, 1980

Borer JS, Bacharach SL, Green MV, Kent KM,
Johnston GS, Epstein SE: Effect of nitroglycerin
on exercise-induced abnormalities of left ventricu-
lar regional function and ejection fraction in coro-
nary artery disease: Assessment by radionuclide
cineangiography in symptomatic and asymptom-
atic patients. Circulation 57: 314-320, 1978
Marshall RC, Wisenberg G, Schlebert HR, Henze
E: Effect of oral propranolol on rest, exercise
and postexercise left ventricular performance in
normal subjects and patients with coronary artery
disease. Circulation 63: 572-583, 1981

ﬁ, EPE ﬂ’ T’Iﬁﬁﬁl& 'T/IE ﬁ’ ﬁﬁﬂﬂ%ﬁfi '[:‘
BREEXBECRT 2EBAFLER ST £{bokk
FEHYE 2% « 2'T1 % single photon emission com-
puted tomography i X 3t EEF 21: 241-
251, 1984

Liu P, Kiess MC, Okada RD, Block PC, Strauss
HW, Pohost GM, Boucher CA: The persistent
defect on exercise thallium imaging and its fate
after myocardial revascularization: Does it rep-
resent scar or ischemia? Am Heart J 110: 996-
1001, 1985



