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Interactive Effects of ST-T Wave Abnormalities on Survival 5f Patients

With Coronary Artery Discase

JAMES H. CRENSHAW. MD, DAVID M. MIRVIS, MD, FATEN EL-ZEKY, PuD,
ROGER VANDER ZWAAG, PuD, KODANGUDI B. RAMANATHAN, MD, FACC,
VIRGINIA MADDOCK, FRANK H. KROETZ, MD, FACC. JAY M. SULLIVAN, MD, FACC

Previous studies have documented a rednced survival time in
patients with an electrocardiographic (ECG) ST-T wave abnor-
mality. This study was designed to determine the clinicel, hema-
dynamic and angiographic corvelates of this observation. Data
from 9,731 patients undergoing cardiac catheterization from 1976
through 1986 were analyzed; 5,531 had severe (>70%) obstrue-
tion of at least one major coronary artery, 1,706 had mild (10 to
9%} obstruction and 2,494 had no abstruction. Of the patients
with severe obstruction, 2,536 were treated medically and 2,995
were treated by surgical revascularization.

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

greater prevalence of contraction abmormality) than did those
without this ECG pattern. Survival ime was significantly (p <
11.01) redured in subsets of patients with an ST-T abnormality and
vith severe or mild coronary artery disease; in those witheut
corgnary disease, ST-T changes did not correlate with reduc-d
survival,

Stepwise regression amalysis was applied to each group to
determine the independent predicters of 5-year survival. In pa-
tients with severe disease or no disease, an ST-T abuormality was
not chosen as an independent predictor of 5-year survival; 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 ow survival is dependent on the severity of
underlying coronary artery disease.

{J Am Coll Cardiol 1991;18:413-20)

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 showcd that, after 13 years
of follow-up, the 2,100 patients 40 Lo 79 years old whose
initial ECG showed ST segment depression or inverted,
flatteied or biphasic T waves had a higher mortality ratc
than that of the patients with a normal initial ECG. Simitarly.
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 assessmenzs to
predict the presence of coronary artery disease. Angio-
graphic documentation of the extent of obstruction and the
status of ¢ardiac 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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who do, the extent of disease may be highly variable even
when the clinical presentation is similar. In this study we
¢xamined the sffect 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 catheterization at the Baptist
Memorial Hospital in Memphis, Tennessee between 1976
and 1986, Clinical. ECG. angiographic acd hemodynamic
dala were prespectively entered into a computerized data
base. In addition, follow-up daia 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 catheterization. Coronary angiograms were per-
formed by routine methods and were interpreted by hospital
staff cardiologists. Ventricular volumes and left ventricular
gjection fractions were computed with single-plane methods.
Abnormal left ventricular contraction was diagnosed if aki-
nesia or dyskinesia was found in any of cight segments of the
left ventricular contour. No major changes in technique were
introduced during the study period and no specific efforts to

dardize proced were d
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vessel > 10% but no obstruction >70% and <50% obstruc-
tion of the left main caronary artery. Group 11 included
2,494 subjects with no obstruction in any vessel > 10%,
Statistical analysis, Data analysis rclicd on standard
univariate and multivariate rechniques, Univariate analysis
included chi-square tests for cateporic variables and 1 tests

GRouk 1 scveRre CAD]  [Grour i WD cab|  [GrOUP i No caAD
n=5531 n=1,706 n=2,494

Fuur 1A: MEDICAL RX [nﬂour 3 SI.IRGICAL nx]
n=2,536

Figure 1. Outline of the study group and subgroups. CAD =
coronary artery disease; medical Rx = medical therapy; surgical
Rx = surgical therapy.

Electrocardiography. Electrocardiograms were inter-
preled by computer (Marquette Electronics) and the results
reviewed by staff cardiologists. An ST-T wave abnormality
was considered to be present if ST segment depression
(=100 1V 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),
hypercholesterolemia (defined by total plasma cholesterol
2240 mg/100 ml), systemic hypertension {defined by history
of treatment or arterial pressure >160/90 mm Hg) and
current cigarctte use, as well as age, gender and race.

Exclusion criteria. Patients were excluded if 1) they had a
diagnosis of congenital, significant valvular or primary myo-
cardial disease; 2) they had ECG evidence of complete ar
mcomplete bundle branch block, lelt posterior Fascicular
block, Wolff-Parkinson-White syndrome, Q wave myocar-
dial infarction or paced rhythm: 3) they had died during the
hospital stay: 4) they had undergune 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 crleria, 9,731
patients were selected, They were classified into thres
groups on the basis of severity of coronary artery discuse
{Fig. 1). Group I included 5,531 patients with at least ane
>70% obstruction in a major epicardial vessel or an obsirue-
tion >50% in the lefl main caronaty artery. This group was
further classified into two subgroups based on trestment
prescribed by the patients’ atending physician. Gioup 1A
consisted of 2,536 patients receiving medical ticalment and
Group 1B included 2,995 patients who undcrwent surgical
revascularization with either saphenous ven or internal
mammary artery implantation.

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

for i ones. Multivariau: analyses incorporated a

| meihod for d fi analysis
(spss") with p in = p out = 0.01, In addition, lifc-table
survival analysis was applicd 10 patient subgroups; the
Lee-Desn statistic was used for multiple comparisons of
survival between subgroups.

Resulis

A total of 4,316 of the 9,731 patients had an ST-T wave
abnormality, This included 2,864 patients (50.7% of Group |)
with severe, 702 (41.1% of Group 1) with mild and 810
{32.5% of Group H1) with nu 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 (54.8% of Group
{B) 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,
dlabellc mgarem: smokers and had a history of myocardial

ion. Hyperchol lemia was the only assessed fea-
ture that was not significantly more commeon in the sabgroup
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 patienis with mild
coronary ari¢ry discase (Group II}, cigarette smoking was
not meve 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
discase (Group lllb.

. ic daia. When all patients
were considered togemer {Table 1), the presence of an ST-T
wave ahnarmality predicied a significantly lower left ventric-
ular gjection fraction (tabulated as both the group mean and
the percent of patients with values <50%) and higher teft

ventricular end-systolic volume index, end-diastalic volume
index, left ventricular end-diastalic p and prevalence
of abnormal left ventricular contraction than lf the ST-T
wave were nofhal.

When the groups are classified on the basis of severity of
coronary obstruction (Tables 2 to 4), the presence of an ST-T
wave abnormality alse corresponded to more left ventricutar
functional disorders. In Group [ paticnts with severe sicno-
sis (Table 2), those with an $T-T abnormality had a signifi-
cantly lower ejection fraction, higher ventricular volumes
and end-diastolic pressures and a higher prevatence of
contraction abnormalities. However, there was no signifi-
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Table ). Hemodynamic and Angiographic Features of All Patients Included in the Study

All Patients

Charactenstic, Total -STT +5T1
Ctinica)
Number of patigny 9,71 EEIH 4.6
Age 1yr, mgan x SEA) 00 =00 55102 s =02
Gender (% male) hlb b4 NN
Race (% white) 8.5 0.4 B
Hyperiension 1571 a0 16 48.0°
Drabetes () L] 83 [REM
Hyperchulesterolemia ) 333 334 14,)
Smukers (%) 570 59 6.2
Hisiory of ML ¢ M3 16.4 .
Angioraphic end hemodynamic
LV ejection fraction
Mean = SEM 659201 669+ 02 802"
<505 1) 34 16 124
End-systolic volume index =34 mym” (7) .2 ns kM
End-diastolic volume index >90 mlm’ 1%#) EX) 242 29.6°
End-Jiastolic pressurs 218 mm He (%) 5.0 2538 e
Abnormal contraction (47} 3.2 289 aa

‘p < G.01. patients with (+STT) versus pahietts without 1-STT) an ST-T wave abnormality. LV = left

venlricular: M} = myocardial infarction.

cant difference in the number of diseased vessels between
subsets with and without an ST-T abnormality (2.47 * 0.02

vs. 2.33 = 0.02 vessels. mean = SEM}.

Group ! was divided into medically {Group 1A} and

415

surgically (Group 1B) treated subgroups. Patients in Group
IA had less severe coronary artery disease (2.17 = 0.01
vessels obstructed) than did those in Graup IB (2.60 = 0.01
vessels obstructed, p < 0.95). In each subgroup, those with

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

Total Group 1A Group 1B
Characterislics Total -STT +SIT ~STY +STT =-S1TT +8TT
Clinical
Nunbrr 5531 2t 1804 1,252 1.443 1.552
Age tyr. mean = SEM) 82- 01 §15:-02 SR8 - 6.2 58.5 = 0.3 576z 0.3 591 203
Gender (% male} 754 (LR .8 47.5" ¥1.5 750
Race (% white} 9.2 9y B8 864" 2.8 .3
Hypenension (%} 26 365 86" 49.57 358 47.8¢
Diabetes (52} 133 1.7 1507 1857 14 12.8*
Hypercholesierolemia (%) 3.5 .5 3.8 351 3’9 312
Smokers (%2} 6.5 59.5 §9.3° 87" 570 62.7¢
Hisory of M1 %) 133 281 WA 438 5.4 34
Angiographic and hemodynamic

coranary artery disease

One vessel 2081 1,086 993 78 653* 368 M2

Two-vessel 1692 818 854 m 343 463 s

Three-vessel 1233 57 &76 147 197° 410 179

Left main $28 213 m 46 59 200 pa.1)
LV ejeciion fraction :

Mean = SEM 6.3 203 6.2 203" 63.9 204 623 204 6.7+ 04 62.1 % 0.4

<505 15} 128 ]2 138 185" e 174"
Endssystclic volume index 234 mlim* 1%7) 0.9 9 g 3.3 30.2 384
End-diastolic volume indes 290 mlim* (%) 82 nas 290 33.6% piL) 34.0¢
End-diastalic pressure =S mm Hg (%) 319 8.9 23 k7o 336 40.2%
Abnormal contraction (7 ) 48.4 60.4° 0.7 58.4% 46.1 61.9*

"p < 0.0 +STT versus — STT. Group | = patients with severe disease: Group FA = patients with severe disease treated medically: Group IB = patisnts
with severe discase treated surgically. Abbreviations as in Table i.
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Table 3. Clinical, Hemadynamic and Angiographic Data of Patients With Mild Coronary Artery
Stenosis (Group 11

Characterislics Tola! -§TT +5TT
Clinical

Nuamber 1,706 AL wm
Age [yh mean = SEM) seo 03 583203 570=04*
Gender (7. male! 510 93 .20
Ruge {5 white} 8.3 898 R6 2"
Hypertension | %) "3 03 i
Dizberes (%) 93 76 (A
Hypercholesierolemia (%) ne Bo ne
Smakars (%) §15 "7 5a
History of MI b1 10 9.8

Angiograghic and bemodynamic
LV gjection fraction

Mean = SEM 699 =02 69703 0.1 04

<506 %) 16 18 11
End-systelic volum index =34 mt/m? 128 1.5 134
End-diastolic volume index =50 mLm® 194 191 0.0
Enddiastolic pressure =15 mm Hg 187 174 1.9
Abrormal contraction {57 123 1.3 1.4

*p < 001, 48TT versus - STT. Abbreviations as in Tahle 1.

an ST-T abnormality had a significantly lower ejection  tricular ejection fraction was the only factor that differed
fraction, higher ventricular volumes and end-dia-iolic pres-  significanily between those with and without an ST-T abnor-
sures and a higher prevalence of contraction abnormalities.  mality (Table 3]. In patients in Group NI with no coronary
Patients in Group [A with an ST-T abnormality also had  artery disease, the prevalence of low left ventricular ejection
more extensive coronary disease {2.23 + 0.02 vessels ob-  fraction and of abnormal contraction was higher in those
structed) than did those without this abnormality (2.11 = with than in those without an ST-T abnormality (Table 4).
0.02 vessels obstructed); in Group 1B, however, the extent Effects of ST-T abnormality on survival. Survival of the
of disease was similar in those with (2.66 = 0.02 vessels 4,316 patients with an $T-T abnommality was compared with
vbstructed) and without (2.53 = (.02 vessels obstructed) an  that of the 5,415 patients without an ST-T abnormality, A
ST-T change. significant (p < 0.01) decrease in 5-year survival was found
In patients with mild disease (Group I1), mean left ven-  in those with the ECG abnormality (Fig. 2). Afier 5 years of

Tahte 4. Clinical, Hemodynamic and Angiographic Data of Patients With No Coronary Artery

Stenosis (Group 111
Characteristics Toral ~5TT +5TT
Clinical
Number 4% 1,688 RI1G
Age tyr. mean + SEM) 51202 SL1=03 S15+ 04
Gender {5 male) “g L2 343
Race (% white} BS.1 87 e
Hypenension (%} W4 U8 QL
Diabetes (%! 62 10 L6
Hypercholeslerolemia (581 260 2.4 269
Smekers (%) 4“3 RE 435
Hislory of MI 49 38 8.6%
Angiographic and hemodynamic
LV ejection Mractien
Mean * SEM 67402 LEEN S €96+ 04
<50% (%) 1.6 1.7 PAN
Etd-systclic volume index =34 w@iim? (%) s 134 44
End-diastoliz volume index 290 mim? (%) 204 9.7 n1
End-diastelic pressure =15 mm Hg (%) 176 178 11
Abnormal contraclion (5} B.1 6.9 0s

*p < 001, ~5TT versus ~STT. Abbrevialions as i Table 1.
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Figure 2, Survival curves depicting the 5-year survival of all pa-
tients with and without an 3T-T wave abnormality. The two curves
are significantly different from each other. indicating = significant
effect of ST-T wave changes on survival

follow-up, survival of patients with an ST-T abnormality was
8B.3% compared with 92.2% in those withoot this abnormal-
ity (p < 0.01).

Survival was also examined in each of the subgroups
(Fig. 3). I Group I (patients with scvere disease), survival
was significant!y higher in patients without than in those with
an ST-T abnormality. The S-year survival for paticnts 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 abnarmality (p < 0.01).

Group I was classified inte medically (Group IA) and
surgically (Group IB) ireated subgroups (Fig. 4). In cach
subgroup the presence of an $T-T abnormality corresponded
t¢ a significamly lower S-year survival. The medically
treated group had a 5-year survival in patients with an ST-T
abmormality of 85.6% compared with 87,87 in thuse without
an ST-T change. In the surgically treated group, 84.95% with
an ST-T abnormality survived § years compared with 93.2%
without an ST-T abnormatity {p < 0.01).

In Group H (patients with mild disease), the S-year
survival was 95.74 in patients without an ST-T abnormality
compared with %0.6% in those with an ST-T abnermaliy
{Fig. 3) (p < 0.01).

In Group [l {patients with no disease;, however, there was
no significant difference in survival based on the presence or
absence of an ST-T abnormality (Fig. 3}. The 5-year survival in
patients with an ST-T abrormality was 94.3% compared with
949 in those withour this abnormality (p > 0.1).

Stepwise linear regress.on amalysis. Stepwise discriminant
function analyses were performed Lo determine which demo-
graphic, clinical, ECG, hemodynamic and angiographic fac-
lors were significant independent predictors of S-year sur-
vival (Tabie 5).

In patienits with severe stenosis treated medically (Group
1A}, 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 (270% abstruction of at least one epicardial artery or
=250% obstruction of the left main artery), those in Group If had
mild disease (<70% obstruction: of all epicardial vessels and <50%
obstruction of the [eft main arery} and thess in Group 111 had no
(<10 obstruction) coronary disease.

fraction »was the most significant. in the surgically treated
group (Group [B), age and ejection fraction were the only
significant predictor:. ST-T abrormality was not an indepen-
dently sigrificant predictor of S-year survival in either sub-
group.

In patients with mild corenary stenvsis (Group 1), age.
abnormal left ventricular contraction, left main coronary
artery abstruction (<350%) and presence of an ST-T wave
ahnormality were selected to be independently predictive of
3-year survival. Jn the subgroup without coronary discase
(Group I1I), age was the anly factor seleeted 10 be indepen-
demly prediclive of 5-year survival,

Stepwise regression analysis with use of oniy clinical char-
acteristies. Ta simulatc the elinical situation before catheter-
ization, the anslysis was repeated with ull the patients in the
registry regariless of the degree of coronary artery disease
(which wauld not be known before catheterization} with use
of anly the clinical characteristics {age. gender, race and
history of hypertension, hyperchol jemia, diab
smeking or prior infarclion) and the presence or absence of
an ST-T abnormality {Table 6). Age. history of myocardial
infaretion, history of diabates mellitus. 1 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 hyperirophy commenly coexist with an
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Figure 4. Survival curves depicling ihe S-year outcome of patients
with severe coronary artery disease (270% obstruction of at least
one epicardial artery or =509 obstruction vf the left main artery)
stratified by therapy (medical [Group 1Al vs. surgica! [Group IB])
and presence or absence of an 3T-T change.

ST-T abromality and have been independently refated to
decreased survival (8). Therefore, the survival analyses were
repeated with exclusion of the patients with ECG evidence
of left vemricular hyperirophy (n = 693). Diagnosis of left
ventricular hypertrophy was based on an age.adjusted point
score technique from precordial lead or limb lead amplitudes
(R, >1.300 uV or Ry >1,100 2V). There was no difference
in the predictors of outcome as campared with those se-

Table 5. Stepwise Discriminant Function Model of Factors
Predicting 5-Year Survival

Standardizzd
Step Factar Coefficien El
Group A (patiems with severe ebstruction treated medicallyy
1 Age o122 <0.0001
2 Ejection fraction -0.582 <0.000(
3 Number of significantly 0.316 0.pd2
obstrueted vessels
Group {8 (patients with severe sbs(rustion tweated surgically)
| Age <00
1 Ejzction fraction -038s QB
Grouy 11 (patients with mild caronary obstrutionl
1 Age 0632 00000
z Atnomal contraction 9517 ELOL]
3 Mild lelt main stenosis® 0.450 ©.0054
4 ST-T abnormatity 0423 00081
Group (11 (patients without coronary abstruction)
i Age 1.000 0.0055

*>10% stennsis but <505 stenasis of the lefl main coronary artery.
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Tabit 6. Stepwise Discriminant Function Mode! of Facttors
Predieting 5-Year Survival With Use of Only Clinical Characteristics
and the Presence or Absence of un S§)-T Abnormality

Standardized
Step Factar Coelicient P
t Age 0833 <0.0001
X History of myocardial 013 00004
infarction
3 Diabztes mellitus a2n 0.0002
q Hypenension 0.191 0.0006
5 Smoker -0.169 0.007
& ST-T abnarmality 0.160 0.0044

lected 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 transmural gradiem of
recovery potentials then exists. with extracellular current
flowiiug toward the epicardium producing positive ST-T
deflections in overlying epicardial or body surface leads
(9,10). Myocardial ischemia, generally more severe in en-
docardial regions (1), shortens action poential durations;
thus, subendocardial activn potential durations are short-
ened to reverse the normal transmural recovery gradient and

to praduce ST seg depression and T wave irversion
(12,13). These changes in systolic injury current are avg-
mented by digsiolic injury luced by reduced rest

potentials in ischemic aneas (12,13). A similar effect would
be expected with subendocardial infarction.

Relation of ST-T abaormality to coronary artery disease,
A relation exists between the prevalence of an ST-T abnor-
melity and ¢oronary artery disease. In general population
studies £7,14-16), the prevalence of this EC( ahnommality is
7% 10 9%. However, in patients suspected of having coro-
nary artery discase, reported prevalences (2,17* are 18% to
24%. Bar et al. (18) reported that 61.2% of patients with
angiographically proved coronary amery disease had an
ST-T abnormalily. [n our seady groups. the prevalence of
ST-T changes varied directly with severity of coronary
disease; an ST-T abnormaticy was feund in 51%, 41% and
33% of patients with severe, mild or no disease, respec-
tively.

Subjects with an ST-T abnormality alsv have different
demographic and risk facior patterns than éo those without
an ST-T change. The findings demonstrated in Tables 1 to 4
are similar to thosc previously reported. The older age, for
cxample, is consistent with data reporied by Rose et al. (19),
who documented an almost fourfold increase in the preva-
lence of ST-T abnormalitics in the general population from
ages 40 to 69 years, and the higher percent of women is
simitar to that reported by Liao et al. (16).
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Patienrs with ST-T changes also have more significamly
impaired venitriculer function thau do those with normal
repolarization forces for any degree of coronary disease.
Previous aml currert data suppert this conclusion. ("Keefe
ct al. (17) showed ST-T changes 1o be independently corre-
tated with decreasing ejection fraction. Swartz et al. (20)
showed that most patients with angiographically proved
coronary arlery disease and a normal ECG had no evidence
of left ventricular asynergy. Previons data {21) have also
shown significantly higher angiographic scores in patients
with 1han in these without an ST-T abnormality.

Effects of ST-T abnarmality on survival. A reduced sur-
al in patients with an ST-T abnormality has been reported
by several investigators (1-5). Connolly et al. (2), for exam-
ple, studying only patients with suspected caranary artery
disease, reported  76%% 3-yeur survival rate in those with an
ST-T abnormality compared with a rate of 87% in those with
a normal ECG. Humphries et al. (21} followed up 224
patients with anpiographically documented coronary ob-
struction for 5 ta 12 years; in patients with an §T-T abnor-
mality the mortality raie was 26%, compared with a rate of
4.5% 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 antery disease. In our
study 18.3% 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 cxpected
outcomes would be combined 10 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 discase,
whereas cutcome was not affected in those without coronary
disease (Fig. 3). This result is consonant with the findings of
Humphries et al. (2f), who reported that none of their 32
patients with an ST-T abnormainy but no 2ngiographicallv
demonstrable coronary disease died in 5 10 2 years of
follow-up.

Ouy data on the direct effeet of ECG changes on survival
in patients with miid 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 sienosis. For
example, lesions (hat reduce cross-sectional area by anly
27% may be associated with an impaired reactive hyperemic
response, a correlate of physiologic significance (22). Thus,
in some patients, a lesion classified angiographically as not
sigaificant may be physiologically important.

Although patients with only 30% slcnotic lesions are less
like!y to die than those with =73% stenaosis (23}, a relation
between mild diseasc and subsequent infarction has also
been demanstrated. Litle et al, (24) and others (23) reported
that an acute occlusion leading to acute infarction commonly
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develops in vessels that were previously demonstrated 1o
have =50% obstruction. Thus, these “mild™ lesions may
have elinical as well as physiologic significance.

Correlates of reduced survival. The decreased survival
assaciated with an ST-T abnormality may represent any of
several effects. The observed ECG abnormality may be a
mizrker for ether factors that are the primary determinants of
survival. Thus, ST-T abnormalitics may reflect more cxten-
sive coronary atherosclerosis with or without more severs
left ventricular dysfunction, both of which are known io
decrease survival time (6,7). Prior studies have demon-
strated such a relation between ST.T abnormalities and
extent of disease (21) and left ventricular dysfunction
(17,21, However, the ECG findings may have no indepen-
dent significance.

The plausibility of this hypothesis in patients with severe
disease i» suggested by the differences in clinical and patho-
physiologic characteristics of patients with and without ST-T
changes (Tables 1 to 4) and is supported by the results of
stepwise regression analysis (Table 5). Only variables that
are independent, significant correlates of survival are se-
lected by the model. Ejection fraction, age and the number
of discased vessels were selected in the medically treated
group and cjection fraction and age were selected in the
surgically treated group as comrefates of 5-year survival.
These variables have al! heen pre siously shown to predict
mortality in patients with coranary disease s general and
after surgical therapy (6.7).

ST-T ubnurmulity was not selected as a variable. Thus,
even though patients with ST-T changes did have reduced
survival (Fig. 2 to 4), ST-T changes were not an independent
predictor of survival in either the medically or the surgically
treated subgronp. 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 divect determinants of outcome.

However, in patients with mild discase, the regression
model did idensify $T-T changes—in addition to age, abnor-
mal venlricular contraction and mild left main coronary
disease—as independem predictors of survival. Thus, 8T-T
changes are a direct and independent determinumt of in-
creased mortality beyond that provided by other variables.
fn this group of patients, the presence of an ST-T wave
abnermulity muy identify a subset i which the angiograph-
ically mikd lesion is physiologically important. This may
oceur as a result of increased arrhythmogenesis, with ST-T
abnormalitics reffecting disordered ventricular recovery
properties that are a precedent for ventricular fibritlation
(26,27

Finglly, in patients with no disease, age was the only
factor rhosen to independently correlate with S-year sur-
viva}, ST-T abnormality did not appear. This was to be
expected from the absence of an e¥ect of ECG changes ina
univariate analysis (Fig. 3).

These faciors remained active after patients with left
ventricular hypertrophy were excluded. This exclusion was
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based on ECG criteria that are known 1o have limited
sensitivities or specificitics. or both, Resulls may have
differed if anatomic eriterin for hypertraphy were vsed or if
other ECG standands were relicd upe

Applications hefore cardiac catheterization, The analyscy
we have described presuppose knowledge of coronary anat-
omy and left ventricutar function when assessing 1he prog-
nostic value of the ST-T wave abnormalities. However,
these impartant dats are not available when the physician
first encounters Lhe patient or in studies in which cardiac
cathetetization is not rowtinely performed. To simulate these
canditions. the analysis was repeated wsinp ull patients
regardless of the degree of coronary artery stenosis as cases
and enly clinical charactcristics as independent variables.
Under these conditions, ST-T abnorniality way selected as
an independent predictor of S-year survival (Tahle #. This is
in agreement with data from the Framingham study {3) and
others that showed 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 10
severe coronary artery disease but not in the absence of such
disease. In patients with mild disease. the abnormality has
significance independent of cli . hemodynamic and
angiographic data in predicting 5-year survival. However.
when coromary artery disease is severe, it no longer adds
independent significance.
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