(R )

DM BEZES% @ Silent ischemia DFEHIIZ DWW T :
SEFNEATOEX L O Y v F 75 7 4 TOXF T

W B mHE ek R* mik REE*
HeE R Fo EE* Rk IEiR* )l EE
HIE W dE BEY WEH BEY™ Kk BEY

BE 116 40MIBHOGEEBRE2ZNRIC, LFFEZEHEO Silent ischemia @ #HIZ>WTEBAR O
BRLOMY v F /57— Azt Lic. # 9 v SPECT Ei§ % 20 458 L 74— Bk O
DEELLTEMHAITERDI., 040EEELVEONELSMAI 7O 2ERRFEN F¥ 213
Bar 8RS LHELL. DHFEERE 164D 5 L 4TR—BEERRALN, ZD5H 254
(53%) NOBEBHFTRY R LI, $he—GMEIDOE» -7 6940 55 144 (20%) iz b OER HBtkAT
RAaxbhic, LiehisT, 116 £ TOARMOERICE 2 — B E MEHORE 53%, SRE80%, BH
MR 209, BIAMRATY, BUHEE O%L T ol S5IT 116 4% ok L LERELOFE LY 4 70V
—FICHBE L, VANLERELEARCREEAL, 2fic—akEmrsohiz. LENELER
TAHNRO LV, Wb 2L ERZE O Silent ischemia F 254D 5 b0 44 Hi—@ikEmE 2L 7.
MaEiE & % BLBEBRERDO 2V, FERE VOLBERZEOHLWETLD S b0 439 R—akEmE A L.
EHgE b OBEREL L RERNT0LIBWT S 27T O BFIC—BEEMASFEH S, Liei-T, O

HREHRDEBHAMARIISWTOERNE L L ARCHRE T, BLALLAI—BERR SR LRI,

L2aL, LDEXEOARDORCIIZ ) v AL 2= TO—@BEEMOHBFHEL 4% THY, »RYOR
TREBECEREFAIVEEA TV, ThAabL, LFFEEHROLERZE To Silent ischemia 0 HEITi
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RAD YV EEPLELBbhi.

L FCs®Iz

DB SE 1% o 4EFEFEME I (Silent ischemia) (%
A REFEMERE i (Painful ischemia) & FE#kic %,
EREB L CLARL2EOREAL LY, THhEER
FTHOEELHERTFO —2THBVD. LHHE
#BORMORHICESHAFTLERL A V4 —D0E

* LR RFEFTE =R
** RIS RBE IR
ZfI24108 11 H
BRZA 1341/ 140
BIRGERS D in REHNE 1144 B (8755
IR XFEERH AR
W 173

HExHWTh&Ehs Z 2%, Lal, O
BEZOLERTORMHEEICIIRARS D39,
Z OO T, %ic Silent ischemia D HEESIC
OVWTORFMI R ERATVWEY. BF, O
BREMLTOFOEOETcHE Y, OHRERE,
LRMEE, EEE, DERRY, BREROIE
CHET 9. ftoT, DHBERTLERER
LERERE TE L 2 WERE QLR L ORI
BOEHOLATEATSTH Y, DHLEDCIET
PLRHMBREOEBETRMOBRHABFIRER Z Y 7 &
DA A=V OEBEENHLLONTE 2, HE,
Z 9 7 ALHA A — VOB HUHE R
Hizx L& b RESCKE RESHWS™, Fiz,

Presented by Medical*Online



262 BE ¥
MM ORES & D Al TREREICT TIZLE
HEE AL BEFOHEICLEETE 250
B AT, 46, DHEEEROARLERTO
Silent ischemia DRHEEAICDWT & Y 7 ALE
YVFT 74—k BvHERNL .

I MREOVIZHE

1986 4£ X v 1989 4£ % <z, LR 2
FWARERBEICAREL, ZEOREE L oL
EZBEORT, DY TF— 7 VRER X UESHA
FE VDALY F 557 4— (SPECT) 2
fTUE 116 & (B 92 7], 4tk 24 fl, T34
#n 58.61+8.7 1), BIUVEFEXREL L TIHERN
FBOTHLEY 7 — 7 VIRE L E §) & HF SPECT
TV, DEBXESEWEBIEhERE 20
% (BT H, &k 134l EHEE 56.11£8.3 %)
ExRIc Uic. FIEE, BREOHE MRS,
TERBLIVHT v v 7 Z0EPH, 208
HEKIC PTCA L E AR A S 2% 1T - 7
Bl BRA L. SESHART SPECT 3.0 RIE
IV L b—» BROBRMCREE L Ik
HFIZfTv, REO AT Y BIER O EHERNA
DETHREBRFTEANE Y OFFEE FIEL -,

1. » *

HEmEz oI 2—2—% W, 25 7213 50
watt X VEEIAL 342 kic 25 watt FoiHET 5
EHRREEES AN RBRETo. SFABIC 125
BLEMEMENEL 1 pB S ciEiELe. OB
Ho¥EAREic <, J AX b 0.08 sec % D
BEAICRWT 0.1 mV LA ED/KFE & 7213 TR ST
&TF, 02mV Pl to JA STET, 0.1mV L E
o ST L&, L 3DERS, DEHE\EIZ
Short run RO R ER %% B 7 & T L
Wil Mo, DEREL BEREOmE EmR
FRFEARLHED 85%), b L RETARLRED
ENRE RUIE /L # v v 4-201 3 mCi (111
MBq) ##iEL, &b 1 HMORAMY LT
DES AR EIToT7. SPECT 3Ex X V¥ —
ARy 2 —r—2EELEERT v~ B AT

28 % 3 2 (1991)

GCA-601E # fjvy, ARIFHL 45 BEHME Y 5 B
Fo 180 EREE X, 1 Hm 30sec T 36 HAlk
D EBARER L 4REHRIcT -2 2B L.
EifgFE# Rk Shepp and Logan filter & F v 7z3
BEEICI VTV, 254 2E 53 mm OEBHE
ShEEENTE R, RUGEmEENREGRS X O RiE
TRFHTRE xR L 72,

1. —BtOHRnoNE
—BEOFELOBEZRIIERL L TELST
z 27 (Redistribution Score) # sk 7=, L%
EEENBGEZ DR L OERB XY, ZoWE
OHEFICBVTIOR O 6 53E L, L REhE
EEMEHRTOLRME 2HE L. FBEOG
20 fEIRICR VT # ) v ARV AL BEXERE
Hr 2 AMLBW2ADORFICE Y SEEDO 2=
TIZX 5 RBHEFTME Lie. 23732 ERE
0, ZKEMETR 1, EICETE 2 HHE
WK T®3, »pVIET24L Lk Fig D &
0 FRCOBFH2AaTREGHATER L 4 RH
BIBIZ BV TRD, EBAREROES Y 45
BOEXZE LW T EEMMA=T L LK.
BRI THAREVREDHEMLOBESKE
WHEERTS. EXHE 204XV FELRIES
fiz=a71% 0204206 Ty, FHE+2 FEER
E(=432) XV KREWERX BT 5HE L —BHEE
&y LEWF L. 2 4 ORERTOESMA =
7 %2 » Interobserver variability |3 7% T & - 7z.
2. ¥ &t

Ea Py LERERECTRLE. FEEHER S
T, unpaired t REB IO 2HREZ AW
p<0.05 x FEEH Y LHEL 2.

Iv. % 8

(A) DpEERE 116 4% EHATR SPECT K
oigE P) L LERE (BE) oFE XD P(+),
E(+) B 14 4, P(+), E(—) B 74, P(-), E(+)
BE254, BIUP(-), E(-)# 704 n 4 FiC
S L. B) DHEERE 16405 b 4T 4
@19 &V Y hA A=Y TO—BEEMNEAD
h, MEo A &z X v Painful ischemia & 17 £
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Single Photon Emission Computed Tomography (SPECT)

Apical Mid- Basal

ventricular

i/

Qualitative analysis of each segment.

O=normal

l1=equivocally reduced thallium uptake
2=mildly reduced thallium uptake
3=moderately reduced thallium uptake

4=severely reduced thallium uptake

Fig. 1 The apical, mid and basal LV levels of the short-axis view and the apical portions
of the long-axis view were divided into 20 segments and segmental images were

scored blindly on a 0 (normal) to 4 (severely reduced uptake) scale.

Table 1 Baseline clinical characteristics, exercise test findings and angiographic data in

20 normal subjects and in 116 patients with prior myocardial infarction

Pain (+) Pain (+) Pain (—) Pain (—)

No. of patients 20 14 7 25 70
Mean age (years) 56+8 62+6 56+6 62+7 5749
Male 7 11 3 20 57
Female 13 3 4 5 13
Diabetes 0(0%) 321%) 1(14%) 5(0%) 10 (14%)
Exercise duration (min) 7.8+2.8 S.14+1.6** 59+2.0 6.8+1.9 72421
Peak heart rate (beats/min) 13820 107 £22%** 109 £21%* 131+19 128+20
Achieved> 859 predicted

maximal heart rate 13 (65%) 3 21%)* 1 (14%)* 12 (48%) 31 (44%)
Peak systolic BP (mmHg) 178 +24 170430 1574+27 172433 166 +28
Peak rate-pressure product

(mmHg beats/min) 25,449L£5,069 18,1954-4,909*** 17,7444-4,836** 22,504 +4,630% 21,202-+5,070**
No. of coronary arteries

narrowed (>759% in diameter)

0 vessel disease 1(7%) 0(0%) 2(8%) 17 (24%)

1 vessel disease 10 (71%) 5@1%) 19 (76 %) 42 (60%)

2 vessel disease 2(14%) 2(29%) 2(8%) 6(9%

3 vessel disease 1(7%) 0(0%) 2(8%) 507%)
Tl Redistribution score 0.2+2.1 13.24£7.4%%* 3.4+4.5 4.9453%%* 1.7+5.6*

Values are mean+standard deviation.
BP=blood pressure, Tl=thallium-201.
*p<0.05, **p<0.01, ***p<0.001 vs normal subjects.
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Table 2 Baseline clinical characteristics, exercise test findings, angiographic data and
redistribution score between patients with painful, silent and no ischemia

Painful Silent No ischemia

No of patients 17 30 69
Mean age (years) 6147 5948 5849
Male 12 24 54
Female 5 6 15
Diabetes 4(24%) 6 (20%) 9 (13%)
Exercise duration (min) 5.541.8%* 7.0+2.4 7.04+2.0
Peak heart rate (beats/min) 1114-23%* 126+19 129421
Achieved >859; predicted

maximal heart rate 3(18%) 12 (40%) 27 (39%)
Peak systolic BP (mmHg) 171427 173+£28 163+31
Peak rate-pressure product

(mmHg beats/min) 18,979 44,858 22,27345,330 20,738 44,927
Positive ECG 15 (88 9)*** 10 33%) 14 (20%)
No. of coronary arteries

narrowed (>75% in diameter)

0 vessel disease 1(6%) 4 (13%) 15 (22%)

1 vessel disease 12 (71%) 18 (60%) 46 (67%)

2 vessel disease 3(18%) 517%) 4(6%)

3 vessel disease 1(6%) 3(10%) 4(6%)
T1 Redistribution score 12.247.2%** 9.4 £3.3%** —0.5+3.2

Values are mean-+-standard deviation.
BP=blood pressure, TI=thallium-201.
**p<0.01, ***p<0.001 vs no ischemia group.

L Silent ischemia # 30 &3 X U fE 1f ®» 72 v» No
ischemia ff 69 L D H 3 FEICHFEH L. 2hd
(A), (B) ToOLFITI W THEKRARE, EBIRE
B, BEYREXZFTRBIVCSY V) v 2REH RS
IZoWTHERE L7z, EEIFRE O BEYh R8hiEix
EREE L LTz,

1. EE&EF& SO RETENNRRTR QL&

(Table 1, 2)

(A) EFR L OHEERE 4 HoF, BEim
E, BXU4HERMTORBEIRECERERZER
Khotz., EXRBECHSRP(-), E(+) &, P(-),
E(—) #» Double product |z F EIZ/E T L7,
%7, P(+), E(+) B#TEHRHE, KRk,
Double product 3 X O'H 2 .0 A ¥CERRI A E
he iz ot P(+), E(—) BT b RAERICERELD
%%, Double product ¥ X O B ELMEBGERRI
BRI o, DHEERE 4HTORERR
DHEXCEEBEHMBICIEZI R o,

(B) Painful ischemia £ < {3 No ischemia #f i

e, EHREE, BERmOBREAERC/ ALY, D
EXBERITIFZEICK L 2o 7. Silent ischemia
BBV TRWTFhoEELEEREI Lo T2,
FERFOFESCTEBESIRECC T 3 HMTER 2
hoiz.

2. BAMHRIATOLE: (Fig. 2)

(A) DT 4 D5 b P(+), E(+) # 14 4
OENF A2 T7Iix 13.2847.39 ©, EEFZicHk~
AE (P<0.00) e KEWHEZE L. ERELE
Mozahr»roTik —BERMIEZVWEEZEZLRD
P(—), E()B0OA B IIEFENMA2TR
1.734£5.56 ©, ZOPEIBWTHEFZCHRE
& (p<0.05) e REWERXE L. EpkXY
LS T & 70 EMT o silent ischemia DA
BHTIRES P(—), E(+) 8 25 £0fEix 4.92+
526 T, 13 YV EFZEICH~]FEE (p<0.001) i2 Xk
EWESHAITERLNTE. P(+), E(-) #7
DB 3.43£4.50 THEEZERI WV NEXEZIH
RESFAITRIREL BBHEAP L LRI,
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5
* p<0.05 vs Normal
- ** p<0.001 vs Normal ii
154
%
- sk //
*

T 13,28

5_
492

o olo A 44/3/ //

Redistribution Score

Normal P- E- P- E+ P+ E- P+ E+
n:=20 n:70 n:25 n:=7 n:-14

Fig. 2 Redistribution Scores in 20 normal subjects and in 116 patients with prior myo-
cardial infarction. P=pain, E: ECG change, —: absent, 4 : present.
Prevalence of thallium perfusion
abrnormality
1 N \ 0.0
@ § NINNNY
80
- \ \\ \\56. ) \57. l /
- Q\ \ /
%4 N100.8 \ 109,087
\ ] 7
B /\ i
20 5;' 27/1// 44.0 %ae. % /
] U o
2 \\G.B\ ! /// /
I T 1 I T
Nornal P- E- P- B+ P+ E= P+ E+
n:-20 n:70 n:25 n:7 n:-14
Fig. 3 The lower hatched bars indicate the prevalence of abnormal redistribution score

in 20 normal subjects and in 116 patients with prior myocardial infarction. The
upper limit of normal redistribution score was defined as mean+2 standard de-
viations derived from 20 normal subjects. P: pain, E: ECG change, —: absent,
+: present.
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(B) # Vv 5 A »—¥ T Painful ischemia ¥,
Silent ischemia &£, No ischemia DT 4> 4 & =

oo 122+47.2,94433, —0.5+32 L 2
- 7=. Painful ischemia & » Silent ischemia & »
et Painful ischemia £ T vV KREWER 2
TAEAA RN BEERCER L ER 22
7.

3. BABRATERFEEOLE (Fig. 3)

EFEHTOESHAR SPECT RROBFNM AT
BEHBBEER 0% Thol. DFREIHTO
B®at < P(+), E(+) #T 100%, KojE & LER
BlDEbbh—F2FT5P(-), E(+) #xic
T P(H), E(-) BT 4344 Tholz. EIRE
LDENFIR» b TaRMzvwEBbhs P(-),
E(-) BziWnwTd 2T% 0 BETEE R IC—B
HRMEZEL .

4. LBREY YL SPECT RREDLE
EFHOY )y 2EMMA 2T 2RI —BEE
me Y, 2L LHELEOATFLEROE MK
HBlzZoOWTHRM LI, DEHEERE 116405
b 47 4 (41%) ic—BRL2AHbh, 0I5
25 4 (53%) B LEMBHEFRRE R L. — 5,
—BlERMOEIPoT 69 £D5 b 14 4 (20%)
POBERBHEFRREZ R L. LiedisT, DHE
EBE 116 £ T oAROER O —BMEE MRH 0
JREE 537, W REE 807, BEMRMESR 207, BERiER
47%, BWREO Lizole, F VT AL A=Y
< ® Painful ischemia # 17 4D 5 H 15 4 (88Y%),
Silent ischemia £ 30 £ ® 5 H 10 4 (33%), No
ischemia £ 69 Z£D 95 b 14 4 (20%) BB X%
MFFRETRLE. XoT, OEX T ® Painful
ischemia # & Silent ischemia DR H RE 1B
DRD 8 3B L), REEIBOROD
80% iz otz

V. & %

E4E, Silent ischemia 23 JRE CLFHZERER
TiLHhEDLNDZ LY, AN RRELz-
TW5. 20X I RBEFLERSBZSHENICE
BRI LNEETHY, FEOREFEZRAV

28 % 3 5 (1991)

T Silent ischemia # #3238 12 &N TZ
72120 L, AV REFEOENZI Y.L
HEmOBHENIREC RS, 40, LHE
Z#% OESR O Silent ischemia D HITFESREE
ZonWTHZY A SPECT LMy v F 797 4—
LARODENE AR LI, 2V v LA R
—SToLHRLOEED $ Ex Hecht %12 0
THEErAv. Thbb, OHEEERE 20 50 E
Lictic, —AOBREIC I 2 REAHMTIZE Y —
EEEmME 2 27 kL. XX Y d SPECT A
A=YDRATIZE B EEBITTIE, OB
ERCEDEERE BB CELOMELIT>T
%7-. 5@, Hecht EnHEL B3 L ZA3E
BEBEY VRO 22 TOEREERER TS LT,
SPECT A 2 — UHECORMMAL VIERE» 2%
BHICHIEREETH Y, HZEBEENER S
2rBbhic.

1. LEHEEEEFO—BMEOKRHICHT SRS

LBRORREMER

ZY) Y LA XA =V TO—BERMOREHIZI W
T, DIFEERE 116 £0 5 b 474 (417) IZE
Mmx iR, 05 Ho 17 475 Painful ischemia #,
30 475 Silent ischemia 22 L7-. L E X 2K T
12 Painful ischemia £ 17 4D 5 % 1544 (88%) &
EfEicEm®D Y LB L. L L, Silent ische-
mia BEIZHLTIE 30405 H 104 (33%) oA
DRWERETHY, LT LLMETESLOTE
hirole. —F, DERzHRLICERSD L, LE
HEEMBOTS AT 2HIcE VT 1007,
DBEFERZFYV YL A=Y TORMLVHZLRE.
LH»L, DEREOZEH LEEE EbEW,
Wh 5 .0EXZE T o Silent ischemia iz B
T ML OBEVRBILEYELIORTH T,
EEE AT AR LEREEES v, 8K
IV LENDEOE L WEICEWTIT 437, 0B
HVRIMEE Lz, DERELLWEO™A
{, Bl REL BTy 27%
DEBEZECBWIRLAFELRL. Thbb, EH
RICOEREBL L ARRCl@EEZ O, 3L
£flicEisEbh s, DEREE TR
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DHORET Z DOFIE T K 43~447 Btk L B i
ET L. 27, DERELLEOTS
PEVESIZBWTY 27% OBRZEICEM AL 5
niz. z0Xdic, DEFEZOALERIIL
BB L BEomE & 45 FaEME, R
WrcB L TEBECREEBMIC R 2 R ) B
NBaLWHREREA LK. E€Z0X 5 RE
REBFT 200, DHELTOHILROET Tha
20, DHRHBRE, REE, [UEEE, OB
HMEE, BREROIEICHEAT Y, LT,
DHEEZTLENRECERERCETES L
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%, SEIORHNTLLEREL L RO S & 4
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DRI TRNELL ko, bbb, DEXT
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TENFRTES., FROHEEROESARD
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EEBRLETH D, —2i, BF O EERFEES
ARRBR LRy, BREOHERERRLTH L
NEVTZDAFMELILRTHTHY, 20 ST
BTFx RE e Tagtrss. £, HERACS
WTiIE STIRTHARHELEC k3 2 RS h
TwaY, R RHFAREEME T O ZEEEBRL
HECE, AohEESE b REXA LT,
DD STIERTERETERVWEAYHS.
ELICEMEZERLAEVWEEMST LR TS
reciprocal 72 STET S LiIZLiIZA b EE » %
ETHBHY, —JF, 4[E Gold standard & L7z #
Y74 SPECT iy vF 7574 —CALTY
MR Wb T TR, Efich » TESAERT
AR D 7 ) 7 LA 2 — T TEMRE M 2k
TELZNEPEVHIFEIRLONTE 2. ES
AR ABEBOZ Y Y Al 2 — Y CEREMEXIES
B UEBERREBbhTnfTh, 24 BEgR
MEFMRIFHRDPA A —T T LIELEESHAR R
3z ehd), EHATMIBHEZY YV VLA 2
— SO HTOEO Viability 0 — 38 & L x %3

LHEOMAPBES A TELBIO, 4%, Th
LEEROBERRPLEL Bbivs.

VI. #% iz

DR % OESA RO E X T o Silent ische-
mia DRHEESIZ>WT# Y v & SPECT L v
v F 75 7 4 —% Gold standard |z LU T ektast
Liz. DEMELLRARCIELATSHEICBY
TREY 7L 2=V Teflic—BEEL% A
L. LaLLEREEET2RMEO T,
Wb 5 .0ERZE T o Silent ischemia FElZ R\
TRZY UL 2=V T—iBERLE RTEER
49 Thote. BIERDDVLERELDOZ,
PERIVDERZEOEELWEIZRWTIR 43%
DEEFICBHRLAAON. EZOWE%:
BEKRWEIIBWTY 27% 0B ic—BME M
PEEHE N, Lo TUOHREROEBAR
EX T o Silent ischemia O ZWFICIZ h iz » DR
TERBHESLEREFASSEN TV A AEER D Y
BEERLELEbhi.
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Summary

Reliability of the Exercise ECG in Detecting Silent Ischemia
in Patients with Prior Myocardial Infarction

Takashi YAMAGISHI*, Yasuo MATSUDA¥*, Akira SAToOH*, Takashi ICHIOKA*,
Yuhji FURUTANI*, Masahiko HARAGUCHI*, Masaharu OZAKI*,
Reizo KUSUKAWA*, Junya MAEDA**, Masami NAKATSUKA*¥,

Takatou KoHNo** and Kensei YOSHINAGA**

*The Second Department of Internal Medicine, Yamaguchi University School of Medicine, Ube, Yamaguchi
*The Departinent of Internal Medicine, Tokuyama Central Hospital, Tokuyama, Yamaguchi

To assess the reliability of the exercise ECG in
detecting silent ischemia, ECG results were com-
pared with those of stress-redistribution thallium-
201 single-photon emission computed tomography
(SPECT) in 116 patients with prior myocardial
infarction and in 20 normal subjects used as a
control. The LV was divided into 20 segmental
images, which were scored blindly on a 5-point
scale. The redistribution score was defined as
thallium defect score of exercise subtracted by that
of redistribution image and was used as a measure
of amount of ischemic but viable myocardium.
The upper limit of normal redistribution score
(=4.32) was defined as mean+2 standard devia-
tions derived from 20 normal subjects. Of 116
patients, 47 had the redistribution score above the
normal range. Twenty-five (53 %) of the 47 patients
showed positive ECG response. Fourteen (20%)
of the 69 patients, who had the normal redistribu-
tion score, showed positive ECG response. Thus,
the ECG response had a sensitivity of 539 and
a specificity of 80%; in detecting transient ischemia.

Furthermore, the 116 patients were subdivided
into 4 groups according to the presence or absence
of chest pain and ECG change during exercise.
Fourteen patients showed both chest pain and ECG
change and all these patients had the redistribution
score above the normal range. Twenty-five patients
showed ECG change without chest pain and 11
(44%) of the 25 patients had the abnormal redis-
tribution. Three (43 %) of 7 patients who showed
chest pain without ECG change had the abnormal
redistribution score. Of 70 patients who had neither
chest pain nor ECG change, 19 (27%) had the
redistribution score above the normal range. Thus,
limitations exist in detecting silent ischemia by
ECG in patients with a prior myocardial infarction,
because the ECG response to the exercise test
may have a low degree of sensitivity and a high
degree of false positive and false negative results
in detecting silent ischemia.

Key words: Silent myocardial ischemia, prior
myocardial infarction and thallium scintigraphy.
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