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ST Segment Change on Treadmill Exercise Electrocardiogram and Coronary
Arteriographic Findings in Patients with Angina Pectoris

Young Kwon Kim, M.D., Seung Jae Joo, M.D., Myeong Chan Cho, M.D.,
Chee Jung Kim, M.D., Cheol Ho Kim, M.D.,
Yun Shik Choi, M.D., Young Woo Lee, M.D.

Department of Internal Medicine, Seoul National University, College of Medicine

Although exercise electrocardiography is commonly used to determine the likelihood
of coronary artery disease, data of exercise electrocardiography are limited in Korea. Authors
reviewed 409 patients with chest pain who underwent 12 lead treadmill exercise electrocar-
diography and coronary arteriography at Seoul National University Hospital from January,
1984 through September, 1990. All the patients underwent catheterization within three mon-
ths after having a standard Bruce protocol treadmill exercise test. None of them had prior
myocardial infarction, valvular heart disease. cardiomyopathy, and complete left bundle
branch block. The study subjects consisted of 208 patients, including 42 patients of coronary
artery spasm, with no or insignificant fixed coronary artery stenosis(less than 50% narrowing
of luminal diameter), and 201 with significant fixed stenosis.

The results were as follows ;

1) The sensitivity of treadmill exercise electrocardiography was 73.6% ., and the specificity
was 88.2%. Positive exercise test in coronary artery spasm was 21.4%.

2) With increasing the extent of coronary artery disease. the proportion of the patients
with one-vessel disease who showed positive ST segment change on stage I increased. Most
of the patients with one-vessel disease who showed positive ST segment change on stage
I had 90% or more stenosis.

3) With increasing the extent of coronary artery disease, the proportion of the patients
with positive ST segment change in multiple lead groups increased.

4) ST segment change appeared most frequently in lead group V4-V6 and next in lead
group II III aVF regardless of involved arteries.
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5) ST segment elevation in lead group V1—V3 or in I/aVL was usually associated with
90% or more stenosis of left anterior descending artery in one-vessel disease, but similar
proportion of the patients was noted in multivessel disease. This suggests that ST segment
elevation in lead group V1-V3 or in I/aVL is probably associated with severe ischemia,
not a specific predictor of left anterior descending coronary artery disease.

KEY WORDS : Treadmill exercise electrocardiogram * Coronary arteriography.
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sh A4y F4e 2% &
STEH E¥ &= 35 12 lead
VI-V3, V4-V6, 1/aVLE UFo] BAMsigon zt
oA Holx 3 leadol| A FA7]1F 9] STEH 9
W7l g W A leadT o2 3t

3 BEuzdse ¥4

AEN2 G2 Judkins BP0 2 A3 o
7t AEH T HA 37 A] FAMHAA A4S A
(RAO 30°, LAO 60°, AP, with or without cranial
or caudal angulation). WP 3o A= AE
w o] 50% ol4sl LAPH] e A¢E
F908 Aoz St BBUZIEA AP
L& ergonovineo] i} acetylcholineo 2 f2H «
%9 Agele n3¥H(fixed lesion)E 2o
A2 A3 Arh. FFUAPEL oldRAfo
2, FF0A% SBdsAe] dae Ay ads
oz &9tk

4oz Ao
& leadT II 1II aVF,

7hA Ao FAAF L AT AFERE 50
w7t 1812(44.3%) 2 7Hg Wk en thgo] 604,
40t o] ol Ak FA7E F 2683, 27} F 141
AAch BER2ILAS FFolAY o8 &
Zto] Qi #Ate 208A AL, F o] e
A= 20138 9 cH(Table 1).

2) LFRIIAAES AUE} Solx

B AN2FGAE74 Ao AY fod HFol
A9 2088 F 368 (17.3%) A IS B
= 82.7% F k. 2088 5 AEH E& ergo-
novineo| 1} acetylcholine©. 2 f 2|3 & w9l
TeHAZAAE 4282 ol F 9¥(21.4%)0
A EERFUARY S BT BRI
BRE A 1663 F 27 (16.3%)NA ¥
4e Ba BEAAZ BN FA o] I3 o
oy 5AFcR fodtAe g
wel s gab 1298 2 2481 (18.6%), A=A 793
Z1281(15.2%)0 M S BYon FAHLR

o)

< | nls o 2ol AT BFEAZHGLEY FT
Fabo]l AQY FA 2018 F 148 AM FAE
D 938 3 4EE o dUxe 73.6% Ut ARG, ojlgHE
HEEaE F 40982 AR 224 RE 774 & FEAFEAAMY Rl 4274 61.0%, 86.7
Table 1. Age and sex distribution
Age
Coronary Sex Total
arteriography 20—29 30—39 40—49 50—59 60—69 70—79
Normal or M 3 9 35 52 27 3 129
insignificant stenosis F 1 2 21 41 14 79
Total 208
Significant stenosis M 3 26 62 46 2 139
Total 201 F 3 12 26 18 3 62

Total( %) 4(1.0)

17(4.2)  94(23.0) 181(44.3) 105(25.7) 8(2.0) 409(100.0)

Table 2. Sensitivity and specificity

Treadmill exercise ECG

Coronary arteriography — - Total Positive rate( %)
Posiuve Negative

Normal or insignificant stenosis 36( 9 *)  172(83* ) 208(42* )  17.37(21.4%)

Significant stenosis

1-vessel disease 64 41 105 61.0

2-vessel disease 52(11%%) 8( 2#*)  60(13%*) 86.7

3-vessel disease 32( 3*%) 4 36( 3**) 88.7

*Coronary artery spasm
**Involvement of the left main coronary artery
+18.6% in male and 15.2% in female

Sensitivity=73.6 % Specificity=82.7 %
Positive predictive value=80.4%
Negative predictive value=76.4%
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%, 88.7% 0t EEFIHNIARY FAAFEL
80.4%, SAAZEL 76.4% G H(Table 2).

3) STRA 9] Wsta7|o} BEAPHe U9
SEH A stage 1M FHE BA Ao

TE #Y% 1 HFe] glRd 2083 F 33
(1.4%), 4EBAF 1058 = 193](18.1%), 9]

s}

k!

A AS 608 F 198 (81.7%), I H2A 363
% 1681(44.4%)2 AFHAR HH7L F718
T5 STEESY W37t 27l JdeldE B
(Table 3). ¥ HAF] 7§ stage [0 A FAL
52 193] F 138lol A 90% 0] RAPHS
Bgon 90%ute] AP AAD 63 F
4ol A Aol FHIHAE W 90% o] de) HAS

Table 3. Stage of onset of ST segment change according to the vessel involvement

. Stage A
Coronary arteriographv PostEx. Negative
I 11 I v \%
Normal or insignificant 3(1%) 11(2*) 14(8%) 5(2%) 1 2(1%)  172(338%)
stenosis (n=208)
1-vessel disease (n=105)
LAD (n= 72) 16 10 7 4 5 30
LCX (n= 14) 3 2
RCA (n=19) 1 5 4 1 2 6
2-vessel disease (n= 60)
LAD+LCX (n= 21) 8 8 3
LAD+RCA (n= 18) 5 7 3 1 2
LCX+RCA (n= 8) 7 1
LM** (n= 9) 4 3 2
LM +LAD (n= 2)
LM +LAD+LCX(n= 2) 2
3-vessel disease (n= 36)
LAD+LCX+RCA (n= 33) 13 12 3 1 4
LM +RCA (n= 1 1 1
LM +LAD+LCX+RCA(n= 2) 2 2

*Coronary artery spasm
**Left ostial disease in 1 patient

LAD  Left anterior descending coronarv arterv LCX + Left circumflex coronary artery

RCA ; Right coronary artery

Table 4. Stage of onset of ST segment change and degree of stenosis in 1-vessel disease

Involved Degree of Stage .
. PostEx. Negative Total
vessel stenosis( %) I 11 HI v
LAD(n=72) 50— 74 3* 1 2 2 11 19
75—89 3(1*) 8 6 12
=90 10 8 5 3 3 41
LCX(n=14) 50— 74 1 1
75—89 1 1 1 2
>90 2 2 1 1 1 2 89
RCA(n=19) 50— 74 2 3 1 3 9
75—89 1 1 1 2 4
>90 1 2 ! 1 1 1 6
Total( %) 19(18.1) 18(17.1)13(12.4) 5(8.6) 9(8.6) 41(39.0) 105(100.0)

*Degree of stenosis 3

>90% with associated spasm
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Ho JdEAAZNME SFHEEA 2710 &
4e wod gHe Fwsl Qe Yl
(Table 4).

4) ¥4 lead?o} X} #AF WIS

F4E B STEAY e A5HAE ¥
At o] e BEHY x|k #¥o] glo]
leado* V4-V6ol| A} 7} & &3] velygoy thgo =
lead II 111 aVFol A veEbydch. o 8] lead 7 of A
STEE 9] W37} velg do= R 4&glol
&3] leadi* V4-V62} lead 11 111 aVFo| A u}e}
wrh OhE leaddoll A STE A9 W3} glo] @5
02 lead? VI-V34} T/aVLo| A STE A H3r}
Yehd odle E F g1t (Table 5, 6).

5) 443 lead 9] ¢} BEHAF] H
ZFaA% K9 2FHAo] ANH

AN F8E B 14889
A G4 leadito] T o] delA Ueid HeT
YE AL 642 F 338(51.6%), o] FHAH 52
g 5 358(67.3) %, HE2A& 323 F 2221 (68.8
%)Hom, AT o] gelA JEd Bee Jd¥#H
A% 132(20.3%), o] A HA S 153 (28.8%), 4+
A% 113(34.4%)2 BEAAF] Hovt
Ag4=2 STEH S Wy o8 leadiol| A YEL
o} (Table 7).

6) Leadi VI-V3 £.2& [/aVLo| A9 STEZ ]
o BEHE

Holx 3 leadw oA STEHS FoS #2E
F ANE o= SFFFNARANAN FAE B
1842 = 3089t} o] = leadF VI-V3L} 1/avVL
A Wart AU FAE dFBEFY HS
AP Aol wulo]l AW 428 F 102(23.8
%), Z3 A A5l HHol AU 224
Z 18 (4.5%)90 A JeG FH s R|of] Bdo)
AE BS F o W3] et oyt o9 ztol=
FAACEE fYstAe ik G AEEY
AL+ 843 £ 144(16.6 % ) ol A o] 2] H 37}
Hase] dd¥ RS F AAHYAg B9
FARSE §9% Aolv fUt U HAE
5 FA 3P Ao WrHo] O HA lead VI-V3LE
I/avLef| A STEE9 5ol #&dE 108 F 94

Table 5. Distribution of positive lead group according to the vessel involvement
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36
42
13
18
184

Total

I/L

I I F
6
16

V1-V3
V4-V6

I/L
II 11 F

V4-V6

I/L

V1-V3
V4-V6

V1-V3
V4-V6
19

IT III F

I/L

V4-V6

10
47

V4-V6

InmrF

14

V1-V3
V4-V6

I/L

12
53

V4-V6

IT 11T F VI-V3
24

LAD

LCX

RCA
2-vessel disease

LAD+LCX

LAD+RCA

LCX+RCA

LM

LM +LAD

LM +LAD+LCX
8-vessel disease

Involved vessel

Total

Normal of insignificant stenosis
1-vessel disease
LAD+LCX+RCA
LM +RCA
LM +LAD+LCX+RCA




Table 6. Frequencv of positive lead group

. Lead group
Coronary arteriographv
1111 F V1-V3 V4-V6 I/L
Normal or insignificant 22 6 29 5
stenosis (n=36)
I-vessel disease
LAD (n=42) 24 17 36 7
LCX (n=9) 6
RCA (n=13) 11 ) 1
2-vessel disease
LAD+LCX (n=18) 12 6 17
LAD+RCA (n=16) 10 7 13 2
LCX+RCA (n=7) 1 6
LM (n=7) 7 5 7 3
LM +LAD (n= 2) 2 2
LM +LAD+LCX(n= 2) 1 2 1
3-vessel disease
LAD+LCX+RCA (n=29) 19 7 28 6
LM +RCA (n=1) 1
LM +LAD+LCX+RCA(n= 2) 2 2 2 1

Table 7. Number of positive lead group according
to_the extent of coronarv arterv disease

No. of positive lead group

Table 8. ST segment elevation in lead group V1-V3
or I/aVL according to the vessel involve-
ment

Extent of disease

Coronary arteriography ~ No. of patients( %)

=2 >3
No or insignificant
: 17(47.2%) 5(13.9%)
stenosis(n=236)
1-vessel dise
vessel discase 33(51.6%)  13(203%)
(n=164)
2-vessel disease
35(67.3%) 15(28.8%)
(n=52)
3-vessel di
vessel disease 22(68.8%)  11(34.4%)
(n=32)
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1-vessel disease

LAD (n=42) 107(23.8)
LCX/RCA(n=22) 1 (4.5
Multivessel disease 14 (16.7)

(n=84)
*=>90% stenosis in 9 patients(fixed stenosis in 6

and fixed stenosis with associated spasm in 3)
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