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Interactive Effects of ST-T Wave Abnormalities on Survival of Patients
With Coronary Artery Disease
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Previous studies have documented a reduced survival time in
patients with an electrocardiographic )ECG) ST-T wave abnor-
mality. This study was designed to determine the clinical, hemu-
dynamic and angiographic correlates of this observation . Data
from 9,731 patients undergoing cardiac catheleriaatiun from 1916
through 1986 were analyzed ; 5,531 had severe (>70rk) obstruct
tion of at least one major coronary artery, 1,706 had mild (10 to
69%) obstruction and 2,494 had no obstruction . Of the patients
with severe obstruction, 2,536 were treated medically and 2,995
were treated by surgical revascularloation .

Patients with an ST-T abnormality had more clinical risk
factors (including older age and greater prevalence of diabetes
mellitus, hypertension and prior myocardial infarction) and
greater left ventricular dysfunction (including higher end-diastolic
pressure and ventricular volume, reduced ejection fraction and

Population studies (1-5) have demonstrated that an ST-T
wave abnormality on the rest electrocardiogram (ECG) is
associated with a reduced survival rate . For example, Cullen
et al. (3) in the Busselton study showed that, after 13 years
of follow-up, the 2,100 patients 40 to 79 years old whose
initial ECC showed ST segment depression or inverted,
flattened or biphasic T waves had a higher mortality rate
than that of the patients with a normal initial ECG . Similarly .
Kannel et al. (5) in the Framingham study found mat the
rates for age-adjusted coronary heart disease morbidity and
mortality were nearly doubled in patients with compared
with those without ST-T abnormalities .

These studies typically relied on clinical assessments to
predict the presence of coronary artery disease . Angto-
graphic documentation of the extent of obstruction and the
status of cardiac function-both known to affect survival of
patients with coronary artery disease (6,7)-have been lack-
ing . Many patients with symptoms suggesting coronary
artery disease do not have vascular obstructions and in those
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greater prevalence of contraction abnormality) than did those
without this ECG pattern, Survival time was significantly (p <
0.01) redered in subsets of patients with an ST-T abnormality and
oath severe or mild rn y artery disease; in those without
coronary disease, ST-T changes did not correlate with reduced
survival,

Stepwise regression analysis was applied to each group to
determine the independent predictors of 5-yew survival . In pa-
tience with severe disease or no disease, an ST-T abnormality was
not chosen as an independent predictor of 5-year survivatt in the
group with mild disease, ST-T changes were an independent
predictor of reduced survival . Thus, the independent impact of an
ST-T abnormality on survival is dependent on the severity of
underlying coronary artery disease.

(J Am Coll Cordial 1991 ;18:413-20)

who do, the extent of disease may be highly variable even
when the clinical presentation is similar. In this study we
examined the effect on survival of the interactions of ST-T

wave abnormalities with these anatomic and functional
variables .

Methods

Selection of patients . Cases were selected from 18,958
patients undergoing cardiac calhelerization at the Baptist
Memorial Hospital in Memphis, Tennessee between 1976
and 1986. Clinical- ECG, angiographic and hemodynamic
data were prospectively entered into a computerized data
base . In addition, follow-up data were acquired yearly on all
patients by mail questionnaire addressed to the patient or, if
the patient did not respond, to the referring physician .

Cardiac catheterizatinn. Coronary angiogmms were per-
formed by routine methods and were interpreted by hospital
staff cardiologists. Ventricular volumes and left ventricular
ejection fractions were computed with single-plane methods .
Abnormal left ventricular contraction was diagnosed if aki-
nesia or dyskinesia was found in any of eight segments of the
left ventricular contour . No majorchanges in technique were
introduced during the study period and no specific efforts to
standardize procedures were attempted .
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Figure I . Outline of the study group and subgroups . CAD =
coronary anery disease; medical Rx = medical therapy ; surgical
Rs = surgical therapy.

Electrocardiography. Electrocardiograms were inter-
preted by computer (Margaette Electronics) and the results
reviewed by staff cardiologists . An ST-T wave abnormality
was considered to be present if ST segment depression
(>100 µV 60 ms after the I point with use of a TP segment
baseline) with or without abnormal T wave inversion was
present in the ECG recorded immediately before catheter-
ization. Final interpretations after review were entered into
the data base .

Risk factors. Risk factor data were abstracted from the
clinical record . Factors studied included history of diabetes
mellitus (defined by history of or therapy of hyperglycemia),
hypercholesterolemla (defined by total plasma cholesterol
0_240 mg/100 ml), systemic hypertension (defined by history
of treatment or arterial pressure ?160790 mm Hg) and
current cigarette use, as well as age, gender and race .

Exclusion criteria. Patients were excluded if H they had a
diagnosis of congenital, significant valvular or primary myo-
cardial disease ; 2) they had ECG evidence of complete or
incomplete bundle branch block, toll posterior fascicular
block, Wolff-Parkinson-White syndrome, Q wave myocar-
dial infarction or paced rhythm : 3) they had died during the
hospital slay ; 4) they had undergone cardiac surgery before
the first recorded cardiac catheterization ; or 5) they had <5
years of complete follow-up .

Patient groups. On the basis of these criteria, 9,73)
patients were selected . They were classified into three
groups on the basis of severity of coronary artery disc5se
(Fig. 1). Group I included 5,53) patients with at least one
>700/r obstruction in a major epicardial vessel or an obstruc-
tion >50% in the left main coronary artery. This group was
further classified into two subgroups bused on treatment
prescribed by the patients' attending physician. Group IA
consisted of 2,536 patients receiving medical treatment and
Group 10 included 2,995 patients who underwent surgical
revascularization with either saphenous vein or internal
mammary artery implantation .

Group II consisted of 1,706 patients with mild disease,
defined as at least one obstruction of a major epicardial

IIGROUP u . No CAD
n=3.-

JACC Vol. Ia . No. 2
August 1991 :417-20

vessel > Ill% but no obstruction 070% and <50% obstroc-
tion of the left main coronary artery . Group Ill included
2,494 subjects with no obstruction in any vessel > 10%r. .

Statistical analysis, Data analysis relied on standard
univariate and multivariate techniques . Univariate analysis
included chi-square tests for categoric variables and s tests
for continuous ones . Multivariate analyses incorporated a
stepwise selection method for discriminant function analysis
(SPSSX) with p in = p out = 0 .01 . in addition, life-table
survival analysis was applied to patient subgroups ; the
Lee-Desu statistic was used for multiple comparisons of
survival between subgroups .

Results

A total of 4,316 of the 9 .731 patients had an ST-T wave
abnormality . This included 2,804 patients (50.7% of Group I)
with severe, 702 (41 .1% of Group II) with mild and 810
(32 .5% of Group lit) with no coronary disease . Of those with
severe disease . ST-T changes were found in 1,252 (49 .4% of
Group IA) treated medically and in 1,552 (51 .8% of Group
IS) treated surgically .

Demographic and clinical data (Tables 1 to 4) . The 4,316
patients with an ST-T abnormality and 5,415 patients with-
out the abnormality differed with respect to several variables
(Table 1). Patients with an ST-T abnormality were older and
a greater proportion were female, non-white, hypertensive,
diabetic, cigarette smokers and had a history of myocardial
infarction. Hypereholesterolemia was the only assessed fea-
ture that was not significantly more common in the subgroup
with an ST-T abnormality .

The prevalence of these characteristics was also evalu-
ated in each of the patient subgroups (Tables 2 to 4) . Only
minor differences were apparent . In patients with mild
coronary artery disease (Group II), cigarette smoking was
not mere common in patients with than in those without an
ST-T abnormality and the age of patients with and without
an ST-T change was similar in the group without coronary
disease (Group III)-

Angiugraphic and hemody iamlc data. When all patients
were considered together (Table I), the presence of an Si-T
wave abnormality predicted a significantly lower left ventric-
ular ejection fraction (tabulated as both the group mean and
the percent of patients with values <50%) and higher left
ventricular end-systolic volume index, end-diastolic volume
index, left ventricular end-diastolic pressure and prevalence
of abnormal left ventricular contraction than if the ST-T
wave were normal .

When the groups are classified on the hauls of severs of
coronary obstruction ( Tables 2 to 4), the presence of an ST-T
wave abnormality also corresponded to more left ventricular
functional disorders. In Group I patients with severe steno .
sis (Table 2), those with an ST-T abnormality had a signifi-
cantly lower ejection fraction, higher ventricular volumes
and end-diastolic pressures and a higher prevalence of
contraction abnormalities . However, there was no signifi-
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Table 1. Hemodynamic and Angiographic Features of All Patients Included in the Study
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'D < 0.01 . patients wish 1aST1I versus patter, 0nhom I-SFII an ST T wave abeormnlny. L V = left
ventricular: MI = myocardiel infarction .

vs

cant difference in the number of diseased vessels between surgically (Group IB) treated subgroups . Patients in Group
subsets with and without an ST-T abnormality (2 .47 - 0.02 IA had less sevefp coronary artery disease (2.17 *_ 0.01

. 2.33 ± 0 .02 vessels, mean 10 SEM) . vessels obstructed) than did those in Group IB (2 .60 ± 0.01
Group ! was divided into medically (Group 141 and

	

vessels obstructed, p < 0.051. In each subgroup, those with

Table 2. Clinical . Hemodynamic and Angiographic Data of Paucnts With Severe Coronary Obstruction (Group 1)

'p 10.01 . +STT versus - STT . Group I = pan-,ith severe disease. Group IA = patients with severe disease mated medically : Group 19 = poliems
with scours dircasc treated surgically . Ahbrevialinns as in Table 1 .

Characrenslia

Total Group IA Group IS

Total -STT -SIT -STY

	

'SIT -STT

	

+S'IT

Clinical
Number 5531 _727 2,804 1 .284 1252 1 .443 1 .552
Age tyr. mcar, S EMI 581 - 0.1 57.5 - 0_' 58.8 - 0 2 . 57.7 a 0.3 58.5 0 0.3' 57.6 n 0 .3 59.1 n 0 .3'
Gender (9 mold 75 .4 79 .9 71 .5' 76 .9 67 .1' 81 .5 75.1'
Race (9 white) 921 918 84,8' 90 .7 86.4' 92.8 90.3'
Hypertension i(SI 42 .6 3b .5 48h- 37 .2 49.5' 35 .5 47.8'
Dia0le1 (TI 13 .5 11 .7 15 . I" 12 .1 15 .5' 11 .4 14.8'
Hypercholeswrolemia0!Si 36,5 365 36 .5 34 .1 35 .1 389 37.7
Smokers I72 64 .5 59 .5 69 .3' 62 .1 65.13 57.0 61.7'
Hi5fery of MI th 1 13 .3 28 .1 75 .4' VIA 43X' 2ih 34.0'

Angiographic and hemndynamie
teramuy artery d--

Ilnovessel !AS 1 1 .086 995 718 653' 366 342
Two-vessel 1 .692 838 854 373 343' 465 511
Three-vessel 12(7 557 676 147 197' 410 479
Left main 12, 246 279 46 59' 200 220

LV rlraunn fmc110n
Mean _ SEM 67 .2 - 02 64.3 : 0 .3 62.2 2 0 .3^ 63.9 e 0 .4 62.3 t 0 .4' 64.7 a 0 .4 62.1 ± 0.4-
, 501"%) 15 .5 129 182' D .8 18.5' 12A 17.8'

End•eyrlolir salient Index -34 521' . 2 1'%1 343 30.9 37 .9' 31 .8 37.3' 30.2 38.4'
End-diastolic saltine index 190 aim' 17.1 31 .0 292 319' 29.0 33 .6' 27.6 14.0-
End-diastolic pressure 115 mm lig 1'71 329 3 1 9 38.9' 32 1 37.2' 33.6 40.2'
Abnormal romrminn 171 54 .5 484 60.4' 50.7 58.4' 46.1 61 .9'

Characrensun

All Patients

Total -STT +ST3-

Clinical
Num6erofpatir4ns 9 .77 5 .415 4.316
A91 .11, mean a SPM, 56A -01 55 .1 a 0.2 51 .1 _ 0.2.
Gender r7, mule! 43 .5 66 .4 611 .1'
Pace (7r white) 88.5 90 .9 86 .1'
Hypertension 171 4110 r1 h 45 .0'
D M,1"TI 10 .9 6 .9 H .4'
Hypcrhuleuclulunia d4, 511 32 .4 34 .1
Smnkenl%, 17 .11 52.9 62 .2'
Postoryof MI (71 2L6 16.4 28 .2'

Anyogr phlc 4rd hemodynamlc
LV eiection frac'ion
Mroe 6F,M 659 •(11 669`0 , 648 • . 0 , •
15(711, 1711 95 76 124'

End •r y+loGl volume i rd" -34o".7 t" I 26 .2 22 .8 30.3'
End .diatwlic volume indee -90 ml in' i ll 26A 24 .2 29.6'
EnJ'diaaulic prc5Wre 115 mm He Isl l 28 .5 25 .8 31 .7'
.Abnomal contraction KG1 322 28 .9 41.0'
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Table 3. Clinical. Hemadynamic s and Angiographic Data of Patients With Mild Coronary Anery
Sicaosis (Group III

'p < 0.01, 3 STT verses -STT. Ahbauiatiare as in Tn61e I,

an ST-T abnormality had a significantly lower ejection
fraction, higher ventricular volumes and end-dia°folic pres-
sures and a higher prevalence of contraction abnormalities .
Patients in Group IA with an ST-T abnormality also had
more extensive coronary disease (2 .23 ± 0 .02 vessels ob-
structed) than did those without this abnormality (2 .11
0.02 vessels obstructed[: in Group ID, however, the extent
of disease was similar in those with (2 .66 ± 0 .02 vessels
obstructed) and without (2 .53 `_ 0 .02 vessels obstructed) an
ST-T change.

In paliertrs itifh mild disease (Group 11), mean left Yen-

Table 4 . Clinical, Hemodynamic and Angiugraphic Data of Patients With No Coronary Artery
Stenosis (Group 111)

'p < 0 .01. -5TT versus -STT . Abbrexalions as in Table I .

tricular ejection fraction was the only factor that differed
significantly between those with and without an ST-T abnor-
mality [Table 31 . In patients in Group III with no coronary
artery disease, the prevalence of low left ventricular ejection
fraction and of abnormal contraction was higher in those
with than in those without an ST-T abnormality (Table 4) .

Effects of ST-T abnormality on survival . Survival of the
4 .316 patients with an ST-T abnormality was compared with

that of the 5,415 patients without an ST-T abnormality . A
significant (p < 001) decrease in 5-year survival was found
in those with the ECG abnormality (Fig. 2) . After 5 years or

IACC Vol. 18, No. 2
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Characteristics Tout -5TT +STT
CBnisIt

v or090 2 .494 1,684 919
Age (5r. n, n - SEM) 512-0 .2 51 .730.3 51 .5±0.4
Gender (°o male) M% 49.9 343-
Race 1'7 white! B5 .1. 81.7 77 .7-
Hypenension 1lv 1 30A 24.9 42 .2'
Diabetes (iil 6 .2 5.0 8 .6'
Hypemholesteralemin Irc) 26 .0 25.4 26 .9
Smokers (h.l 40 .3 19 .8 435'
Hulory of Ml 4.9 3 .0 3.6'

Anaiogaphrc and hemodymcmic
LV ejection rnaion
Mean a SFM 69.720.1 69.9x0.3 69.6'20 .4
<5 (19l L6 1 .7 2.1'

End-systCdr vclurde index Art mllm' (06 13.5 13.1 14.4
End.dioAoac volume index x90 mum' (04 20A 19.7 21 .7
End-dia relic pressure x15 mm Its ('7) 17.6 17.8 17.1
Abnormal -=lion (`v) 1.1 6.9 19.5'

CharwICn4iou Total -577 +5TT

CliAraI
Number 1,7)0 1 .104 702
Age tyr,mtan SEMI 56.020 .3 55 .3x0.3 57,0x0.4'
C"de' Ir-male 53.0 59.3 44 .2'
R- 4% whOel 88 3 1191 86 .2'
IIypcannslen 1701 15 .3 10.5 52 .1'
diabetes L 1l 9.3 7 6 13 .4-
Hyperchulesioso rteIkt 3:19 33 .0 32 .8

Oil 57.5 38.7 33 .1
IlidmyaM1 1.1 70 9.1'

Ariagraplic tad hemodynmnie
LV <netionfmcOon
Mcgn x SEM 699x02 69,7 0 .3 70.1x0.A'
<30r I`al 16 1 .8 1 .3

End-syswlic yulume index 034 rt nt 12.1 12.3 13.4
E1lddiasfolic volume Index =90 mL'mr 19A 19.1 20.0
Enddisilollc pressure 015 on, Hg 18.7 17.8 19.9
Ahnnrmal contmelinn (%; 12.3 12.8 11 .4



(ACC Vol . 1B. Ne. 2
AururI 1991 :413-20

so
0

	

2

	

a

	

4

YEARS

Figure 2. Survival curves depicting the 5- year survival ur all pa-
tents with and without an ST-T wave abnormality . The two curses
are significantly different from each other. indicating a significant
effect of ST-T wave changes on survival

follow-up, survival of patients with" ST-T abnormality was
88 .3% compared with 92 .2% in those without this abnormal-
ity (p < 0.01) .

Survival was also examined in each of the subgroups
(Fig. 3) . In Group I (patients with severe disease), survival
was sit nificanl'.y higher in patients without than in those with
an ST-T abnormality. The 5-year survival for patients with
severe stenosis and an ST-T abnormality was 86.4% com-
pared with 90.4% for patients with severe stenosis without
an ST-T abnormality (p < 0.01) .

Group I was classified into medically (Group IA) and
surgically (Group IB) treated subgroups (Fig. 4) . In each
subgroup life presence of an ST-T abnormality corresponded
to a significantly lower 5-year survival . The medically
treated group had a 5-year survival in patients with an ST-T
abnormality of 85.6% compared with 87. Sao in those without
an ST-T change . i n the surgically treated group, 8x .9% with
an ST-T abnormality survived 5 years compared with 93 .2%
without an ST-T abnormality (p < 0 .61) .

In Group 11 (patients with mild diaeaseh the 5-year
survival was 95 .7% in patients without an ST-T abnormality
compared with 90.6% in those with an ST-T abnormality
(Fig . 3) (P < 0.011 .

In Group Ill (patients wiih as disease), however, there was
no significant difference in survival based on the presence or
absence of an ST-Tabnurmality (Fig, 31. The 5-year survival in
patients with an ST-T abnormality was 94 .3% compared with
94 4,E in those without this abnormality (p > 0 .1).

Stepwise linearregress:onaoalysis . Stepwisediscriminant
function analyses were performed to determine which demo-
graphic, clinical, ECG, hemodynamic and angiographic fac-
lors were significant independent predictors of 5-year sur-
vival (Table 5) .

In patients with severe stenosis treated medically ( Group
/A), ejection fraction, age and the number of vessels in-
volved were significant predictors of outcome ; ejection
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Figure 3. Survival Curves depicting the 5-year survival of patients
stratified by degree of coronary artery disease and by the presence
or absence of an ST-T wave abnormality . Patients in Group I lad
severe disease (2707, obstruction of at least one epicardial artery or
<50% obstruction of the loft main artery), those in Group 11 had
mild disease (<70% obstruction of all epicardial vessels and <50%
obstmctiun of the left main artery) and those in Group Ill had no
1<10% obstruction) coronary disease .

fraction war the most significant . in the surgically treated
group (Group 1S), age and ejection fraction were the only
significant predictor'.ST-T abnormality was no . an indepen-
dently significant predictor of 5-year survival in either sub.
group.

In patients with mild coronary slenwaie (Group I!), age.
ahnorrna': left ventricular contraction, left main coronary
artery obstruction (<50%) and presence of an ST-T wave
abnormality were selected to be independently predictive of
5-year survival . In the subgroup without coronary disease
(Group 111), age was the only factor selected to be indepen-
dently predictive of 5-year survival.

Stepwise rn0rdSlon analysis with Use of only clinical Char-
acteristics. To simulate the clinical situation before catheter-
izstion, the analysis was repeated with all the patients in the
registry regardless of the degree of coronary artery disease
(which would not be known before citheterization) with use
of only the clinical characteristics (age, gender, race and
history of hypertension, hypercholesterolemia, diabetes,
smoking or prior infarction) and the presence or absence of
an ST-T abnormality (Table 6) . Age, history of myocardial
infarction, history of diabetes mellitus. presence of hyper-
tension, history of smoking and presence of an ST-T abnor-
mality were independent predictors of survival.

Effect of left ventricular hypertrophy . The ECG changes
of left ventricular hypertrophy commonly coexist with an
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Figure 4 . Survival curves depicting the 5-year outcome of patients
with severe coronary artery disease (>_70% obstruction of at least
one epicardial artery or 050% obstruction of the left main artery)
stratified by therapy (medical [Group IAI vs. surgical [Group 1B))
and presence or absence of an ST-T change .

ST-T abnornalit and have been independently related to
decreased survival (8) . Therefore, the survival analyses were
repeated with exclusion of the patients with ECG evidence
of lab ventricular hypertrophy (n = 643) . Diagnosis of left
ventricular hypertrophy was based on an age-adjusted point
score technique from precordial lead or limb lead amplitudes
(R I > 1,300 AV or ROV L > 1,11)) IN) . There was no difference
in the predictors of outcome as compared with those se-

Table S. Step!viss Giscriminanl Function Model of Factors
Predicting 5-Year Survival

Sraeardlrod
Step
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Table 6. Stepwise Uiucmiumer Function Model of Factors
Predicting 5-Year Survival With Use of Only Clinical Characteristics
and the Presence or Absence of an S'1 '-T Abnormality

looted when patients with left ventricular hypertrophy were
included.

Discussion
The ST segment and the T wave are generated by the

orderly repolarization of ventricular muscle . During normal
ventricular activation, action potentials are shorter in epi-
cardial than in endocardial regions . A intramural gradient of
recovery potentials then exists . with extracellular current
flowing toward the epicardium producing positive ST-T
defections in overlying epicardial or body surface leads
(9,10) . Myocardial ischemia, generally more severe in en-
docardial regions (It), shortens action potential duration;
thus . subendocardial acdcn potential durations are short-
ened to reverse the normal transmearal recovery gradient and
to produce ST segment depression and T wave inversion
(12 .13) . These changes in systolic injury current are aug-
mented by diastolic injury currents produced by reduced rest
potentials in ischemic areas (12,13) . A similar effect would
be expected with subendocardial infarction .

Rotation of ST .T abnormality to coronary artery disease .
A relation exists between the prevalence of an ST-Tabnormality

and coronary artery disease. In general population
studies (1,14-16), the prevalence of this ECG abnormality is
71 to 9% . However, in patients suspected of having corn-
nary artery disease, reported prevalences (2,17,'-are t8% to
24`10 . Bar et al . (IS) reported that 61 .2% of patients with
angiographically proved coronary artery disease had an
ST-T abnormality. In our study groups, the prevalence of
ST-T changes varied directly with severity of coronary
disease ; an ST-T abnormality was found in 51% . 41% and
33% of patients with severe, mild or no disease, respec-
tively .

Subjects with all ST-T obnorae ality AV purr different
demographic and risk farsor patterns than ca those without
an ST-T change . The findings demonstrated in Tables 1 to 4
are similar to those previously reported . The alder age, for
example, is consistent with data reported by Rose et al . (19),
who documented an almost fourfold increase in the orcva-
lence of ST-T abnormalities in the general population from
ages 40 to 69 years, and the higher percent of women is
similar to that reported by Liao et al . (16) .

Group IA (Pad-bslncliun vealed mngrallyl
I Age 0.722 <0-000 I
2 Ejecaonfraclian -0582 '10M 1
3 Number of significantly

abstIuted vessels
0-316 09042

Group In Ipcrtems with severe obsl-ion snared surgically)
Age 0,911 <0-MI

2 Ciession1esa6on -0585 0 ON,
Group II (patients with mild coronary obstmcrionl

I Age 0 .632 O .m of
Abnorarci ntactlon 0 .517 0,4014

3 Mild Iva wit 5(1505 s' 0 .450 0.0054
4 ST-Tahnormulily 0 .423 0.0091

Group III Ipadesos wnhout coronary ahstmsttorl
I Age 1 .000 0.0055

sup Factor
Standardized
Cae0cient p

I Age 0 .955 X0.0001
1 Hismryof myocardial

nfmellon
0.190 0.0004

3 Diabetesmeaims 0211 0,0002
4 Hyponmsian 0191 0.0006
5 Smoker -0 .169 0.0027
6 ST-Tuhronnality 0 .160 0,0044
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Pe rients aith ST--T changes also have more cigm'ficaady
impaired ventricular function that do those with normal
repolarization forces for any degree of coronary disease .
Previous and current data support this conclusion . O'Keefe
ct al. 117) showed ST-T changes in be independently corre-
lated with decreasing ejection fraction . Swartz cl al . (20)
showed that most patients with angiographically proved
coronary artery disease and a normal ECG had no evidence
of left ventricular asynergy . Previous data 121) have also
shown significantly higher angiographic scores in patients
with than in those without an ST-T abnormality .

Effeels or ST-T abnormality on survival . A reduced set -
vival in patients with an ST-T abnormality has been reported
by several investigators 11-5I . Connolly et al . (2) . for exam-
ple, studying only patients with suspected coronary artery
disease, reported a 7b .h 5-year survival rate in those with an
ST-T abnormality compared with a rate of 117% in those with
a normal ECG . Humphries et al . 1211 followed up 224
patients with angiographically documented coronary ob-
struction for 5 to 12 years; in patients with an ST-T abnor-
mality the mortality rate was 26%, compared with a rate of
6 .3% in patients with a normal ST-T segment .

It is apparent from our data that a significant number of
patients with an ST-T abnormality referred for cardiac
catheterization do not have coronary artery disease . In our
study 13 .3% of all patients with an ST-T abnormality had no
disease and another 16 .3% had "mild"- obstruction . These
results support the importance of evaluating angiographi-
cally defined patient groups. Otherwise . subsets with dif-
ferent pathophysiologic substrata and different expected
outcomes would be combined to confound the analysis of the
effect of the ECG change .

As reported here, the role of the ST-T abnormality did
indeed differ with the angiographic subset . ST-T changes did
affect survival in patients with severe or mild disease,
whereas outcome was not affected in those without coronary
disease (Fig, 3) . This result is consonant with the findings of
Humphries et al . (21), who reported that none of their 32
patients with an ST-T abnormality but no cngiographically
demonstrable coronary disease died in 5 to 12 years of
follow-up.

One data on the direct effect of ECG changes on I,,, iral
in patients with raid disease extends previous limited infor-
mation concerning this large and potentially important
group . Studies have documented the highly variable flow
characteristics of different degrees of coronary stcnosis . For
example, lesions that reduce cross-sectional area by only
27% maybe associated with an impaired reactive hyperemic
response, a correlate of physiologic signifiicancv (22) . Thus,
in some patients . a lesion classified angiographically as not
significant may b' physiologically important.

Although patients with only S()4b stcnotic lesions are less
likely to die than those with >75% stenosis (23), a relation
between mild disease and subsequent infalctiun has also
been demonstrated . Little ct al, (24) and others Ills) reported
that an acute occlusion leading to acute Infarction commonly
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develops in vessels that wire previously demonstrated to
have 150% obatructiorc. Thus, these "mild" lesions may
have clinical as well as physiologic significance .

Correlates of reduced survival . The decreased survival
associated with an ST-T abnormality may represent any of
several effects . The observed ECG abnormality may be a
marker for other factors that ate the primary determinants of
survival . Thus . ST-T abnormalities may reflect more exten-
sive coronary atherosclerosis with or without more severe
left ventricular dysfunction, both of which are known to
decrease survival time (6,7) . Prior studies have demon-
strated such a relation between ST-'P abnormalities and
extent of disease (21) and left ventricular dysfunction
(17 ; 0) . However, the ECG findings may have no indepen-
dent significance .

The plausibility of this hypothesis in patients with severe
disease is suggested by the differences in clinical and patho-
physiologic characteristics of patients with and without ST-T
changes (Tables I to 4) and is supported by the results of
stepwise regression analysis (Table 5) . Only variables that
aye independent, significant correlates of survival are se-
lected by the model . Ejection fraction, age and the number
of diseased vessels were selected in the medically treated
group and ejection fraction and age were selected in the
surgically treated group as correlates of 5-year survival .
These variables have al! been oretinusty shown to predict
mortality in patients with coronary disease in general and
after surgical therapy (6.7) .

ST-T abnormality was not selected as a variable. Thug,
even though patients with ST-T changes did have reduced
survival (Fig . 2 to 41, ST-T changes were not an independent
predictor of survival in either the medically or the surgically
treated suhgrtup . The effect of the ECG change is thus
mediated through its significant relation to other variables-
ventricular function, extent of disease and age-that are the
primary or direct determinants of outcome .

However, in patients with mild disease, the regression
wadel did idrnr((fy ST-T changes-in addition to age, abnor-
mal ventricular contraction and mild left main coronary
disease-as independent predictors of survival . Thus, ST-T
changes arc a direct and indepeadent determinant of in-
creased mortality beyond that provided by other variables .
In this group of patients, the presence of an ST-T wave
abnormality may identify a subset n which the angiograph .
ically mild lesion is physiologically important . This may
occur as a result of increased arhythmogenesis, with ST-T
abnormalities reflecting disordered ventricular recovery
properties that are a precedent far ventricular fibrillation
(26,27) .

Finally, in patients with no disease, age was the only
factor chosen to independently correlate with 5-year sur-
vival ; ST-T abnormality did not appear . This was to be
expected from the absence of an erect of ECG changes in a
univariale analysis (Fig. 31 .

These factors remained active after patients with left
ventncular hypertrophy were excluded . This exclusion was
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based on ECG criteria that are known to have limited
sensitivities or specificilies, or both, Results may have
differed if anaa)mic criteria for hypenrophy wore used or if
other ECU 'land-d, were reboot upon.

Applications before cardiac ealheteriration . The analyses
we have described presuppose knowledge of coronary anat-
omy and left venrricu€ar function when assessing the prog-
nostic value of the ST-f wave abnormalities. However,
these important data are not available when the physician
first encounters the patient or in studies in which cardiac
caiheterizatin0 is not roulinely performed . To simulate these
conditions . the analysis suds epeated using all patients
regardless of the degree of coronary artery stenosis as cases
and only clinical characteristics as independent variables .
Under these conditions, ST-T ahnormality was selected as
an independent predictor of 5-year survival 1Tahle h, . This is
in agreement with data from the Framingham study IS) and
others that shooed ST-T abnormality to be independently
correlated with survival in the general population,

Conclusions. The data presented here suggest that an
ST-T abnormality affects survival in the presence of mild to
severe coronary artery disease but not in the absence of such
disease . In patients with mild disease, the abnormality has
significance independent of clinical, he-nodynamic and
angiographic data in predicting 5-year survival, However,
when coronary artery disease is severe, it no longer adds
independent significance .
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