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Event-Free Survival in Patients after an Acute Coronary Event with
Exercise-Induced Normalization of the T-Wave
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Summary

Background: Risk stratification of patients with unstable
angina or non-Q-wave myocardial infarction (MI) is an unre-
solved clinical problem. The prognostic value of T-wave nor-
malization (TWN) during exercise has not been studied in this
group of patients.

Hypothesis: Event-free survival in clinically stable patients
after an acute coronary event without ST-segment elevation
can be predicted by the presence of exercise-induced TWN.

Methods: Sixty-five patients (43 men and 22 women, mean
age 62 + 10 years) entered the study. The diagnosis of unstable
angina and non-Q-wave MI was made in 40 and 25 patients,
respectively. A treadmill exercise test was performed in all pa-
tients after clinical stabilization. The patients were divided into
three groups: those with negative baseline T waves and exer-
cise-induced TWN (Group 1); those with negative baseline T
waves, but without TWN (Group 2); and those with positive
baseline T waves (Group 3). The patients were followed up for
6 months.

Results: During follow-up, serious cardiovascular comp-
lications occurred in 15 (23%) patients. These included exac-
erbation of ischemic heart disease (14 patients) and acute Ml
(1 patient). Event-free survival was greater in patients in
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Group 1 (95%) than in those in Group 2 (68%, p <0.034) or
Group 3 (71%, NS). Among all patients studied, exercise-
induced TWN was predictive of event-free survival with a
sensitivity of 38% and a specificity of 93%.

Conclusions: In clinically stable patients after an acute
coronary event without ST-segment elevation, exercise-in-
duced TWN is a specific but not sensitive predictor of event-
free survival after 6 months.
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tion, T-wave normalization, prognosis, exercise test

Introduction

Acute coronary events without ST-segment elevation or
new bundle-branch block are becoming an increasingly fre-
quent cause of hospitalization in intensive care units world-
wide.! 2 Progress in pharmacologic and invasive therapy has
improved the course of hospitalization; however, it has also
created new problems. Most important, a dilemma exists
whether to choose an invasive or conservative mode of treat-
ment.>-> On the other hand, because of practical difficulties, in
many cardiological centers it is still impossible to perform
coronary angiography in all patients with unstable angina or
non-Q-wave myocardial infarction (MI). Hence, there is a
need to find new effective and reliable diagnostic methods to
be applied to clinically stable patients in order to find those at
risk and requiring further invasive diagnosis and therapy. One
of these methods is an electrocardiographic (ECG) exercise
test. However, when the interpretation of the exercise test is
narrowed to analysis of changes of the ST-segment, its value is
limited and has often been put into question.®3

A change of the ECG T-wave deflection from negative to
positive (T-wave normalization — [TWN]) is relatively often
seen during an exercise test in patients after an acute coronary
event.’ The mechanisms underlying this effect are not quite
clear. The possibilities include ischemia and impaired con-
tractility or transient functional improvement of ischemic
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myocardium. Although all these factors are known to influ-
ence long-term prognosis, the actual prognostic significance
of ECG exercise-induced TWN in unstable angina or non-
Q-wave MI has not been studied. Therefore, the aim of the
present study was to evaluate event-free survival in clinically
stable patients after an acute coronary event without ST-seg-
ment elevation, with and without TWN during exercise.

Materials and Methods
Study Groups

The investigation was in accordance with the Declaration
of Helsinki. In all, 290 consecutive patients, treated at the De-
partment of Cardiology due to an acute coronary event with-
out ST-segment elevation or new bundle-branch block, were
screened for eligibility. All patients received standard phar-
macologic therapy according to the guidelines of the Polish
Cardiac Society. To enter the study, the patients had to fulfill
the following criteria: (1) Angina [Canadian Cardiovascular
Society (CCS) class LII/IV] within 48 h before hospitaliza-
tion; (2) ischemic ECG changes on admission (other than
ST-segment elevation or a new bundle-branch block) or a
documented history of ischemic heart disease (coronary
angiography, myocardial infarction, percutaneous translumi-
nal coronary angioplasty, or coronary artery bypass graft); (3)
successful pharmacologic treatment, manifested by the ab-
sence of angina (CCS class [1I/IV) from the third day of hos-
pitalization onward; (4) absence of contraindications to a sub-
maximal exercise test, such as angina (CCS class III/IV, overt
heart failure, ventricular tachycardia during hospitalization).

Of all patients screened, 65 (43 men and 22 women, mean
age 62 = 10 years) fulfilled the entry criteria and entered the
study. On the basis of clinical symptoms, ECG tracings, and
enzymatic changes, the diagnosis of unstable angina was
made in 40 patients and non-Q-wave MI was diagnosed in 25
patients. The patients were divided into three groups: those
with negative baseline T waves and exercise-induced TWN
(Group 1); those with negative baseline T waves, but without
TWN (Group 2); and those with positive baseline T waves
(Group 3). Subsequently, the three groups were compared us-
ing statistical tests.

Exercise Test

Once clinical stabilization had been achieved, a submaxi-
mal treadmill exercise test was performed in all patients be-
tween Days 4 and 13 (on average on Day 8) of hospitalization,
using Marquette Case 12 equipment (Marquette Electronics,
Milwaukee, Wis., USA), according to the modified Bruce pro-
tocol. The test was considered positive in the presence of angi-
naor in the presence of horizontal or downsloping ST-segment
depression of 20.1 mV, measured 60 ms after the J point. T-
wave normalization was recognized when a negative T wave
atrest (in 22 leads of a 12-lead ECG, except the aVR lead, in
three consecutive cardiac cycles) became positive at peak ex-
ercise (with an amplitude of 20.1 mV).

Follow-Up

All patients were followed up for 6 months after the date of
hospitalization. The following cardiovascular complications
were determined: death due to a cardiogenic cause, MI, and ex-
acerbation of ischemic heart disease requiring hospitalization.

Statistical Analysis

All parameters were normally distributed (Kolmogorov-
Smirnov test) and, therefore, parametric tests were used for
statistical analysis. Analysis of variance (ANOVA) was used
for comparisons between different groups with regard to var-
ious continuous parameters. When the F value permitted, the
Bonferroni’s multiple comparison post tests were used for
comparisons between the individual groups. A chi-square test
followed by Fisher’s exact test was used for comparison of
categorical parameters. A p value of <0.05 was considered
statistically significant. All data are expressed as mean + stan-
dard deviation.

Results

Clinical Characteristics and Exercise Test Results

There was no difference between the study groups with re-
spect to any clinical characteristics (Table I). An ECG exer-

TaBLE I  Clinical characteristics of the study groups. Group 1: nega-
tive baseline T waves and exercise-induced TWN; Group 2: negative
baseline T waves without TWN; Group 3: positive baseline T waves

Groupl Group2 Group3 p
n=20 n=31 n=14 Value

Women/men (n) 6/14 11720 59 NS
Age (years) 64+9 60+11 62+x10 NS
History of smoking (n) 5 7 3 NS
Lipid levels (mg%)

Total cholesterol 256+40 213+43 225x60 <(.01

Triglycerides 166103 173+137 16775 NS
Coexisting diseases (n)

Diabetes 1 2 3 NS

Hypertension 7 8 6 NS

Past MI 5 9 3 NS
Medication at discharge (n)

Aspirin 20 31 14 NS

Beta blockers 16 21 10 NS

Nitrates 9 16 8 NS

Calcium-channel blockers 3 9 2 NS

ACE inhibitors 8 8 5 NS

Antiarthythmic agent 0 1 1 NS

Abbreviations: TWN = T-wave normalization, NS = not significant,
MI = myocardial infarction, ACE = angiotensin-converting enzyme.
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TasLE 11  Results of the exercise test in the study groups. Group 1: negative baseline T waves and exercise-induced TWN; Group 2: negative

baseline T waves without TWN; Group 3: positive baseline T waves

Group 1 Group2 Group 3 p
n=20 n=31 n=14 Value

Systolic blood pressure (mmHg)

Before exercise 13620 129+20 145+29 NS

At peak exercise 157+24 164+ 31 17530 NS
Heart rate (beats/min)

Before exercise 75%15 76+15 7710 NS

At peak exercise 110z 16 108+ 16 16x17 NS
Reason for exercise termination (n)

Pulse limit 3 1 2 NS

ST depression 12 15 11 NS

Angina 2 6 9 <0.006

Exhaustion 5 12 1 <0.04
ST depression and/or angina (n) 12 17 11 NS
Duration of exercise (s) 386+210 412+ 185 448 +226 NS
Maximal ST-segment depression (mm) 1.1£0.8 1.0+09 1.5£07 NS
Sum of ischemic ST-segment depressions (mm) 63x47 58+44 75+35 NS
Number of leads with significant ST-segment depression at peak exercise 30£3.0 21126 32+26 NS
cise test was performed in all patients studied: No serious Discussion

complications were seen in any patient and the results are
shown in Table II. The only significant difference between the
groups was in the incidence of exercise-induced angina that
was markedly greater in patients without negative T waves at
baseline (Group 3). Figure 1 shows original examples of ECG
recordings with (A) and without (B) TWN.

Follow-Up

The medication at discharge was similar in all groups stud-
ied (Table I). During a 6-month period of follow-up, serious
cardiovascular complications occurred in 15 (23%) patients.
These included exacerbation of ischemic heart disease (14
patients) and acute MI (1 patient). As shown in Figure 2,
event-free survival was greater in patients with negative base-
line T waves and exercise-induced TWN (95%) than in those
with negative baseline T waves without TWN (68%, p<
0.034) or those with positive baseline T waves (71%, not sig-
nificant [NS]). In contrast, there was no difference with re-
spect to event-free survival between patients with and without
exercise-induced ST-segment depression (78 vs. 76%, re-
spectively, NS). Also, event-free survival was not significant-

; ly different between patients with and without exercise-in-
duced angina (81 vs. 53%, respectively, NS).

Among all patients studied, exercise-induced TWN was
predictive of event-free survival with a sensitivity of 38% and
a specificity of 93%. Among the patients with negative base-
line T waves, the sensitivity and specificity were 48 and 91%,
respectively. When TWN was combined with the standard cri-
teria for a positive exercise test (angina, ST-segment depres-
sion), it improved the overall specificity, but not sensitivity
(Table III).

The present study is the first report that evaluated the prog-
nostic significance of ECG exercise-induced TWN in clinical-
ly stable patients after an acute coronary event without ST-seg-
ment elevation. The main finding of our study is that the
highest incidence of event-free survival is seen among patients
with TWN (Fig. 2). In the population studied, TWN is very
specific in predicting event-free survival, but its sensitivity is
relatively low. On the other hand, long-term prognosis is simi-
lar in patients with negative baseline T waves without TWN
and those with positive baseline T waves. It should be noted
that the use of drugs (especially beta blockers) was similar in
all three groups (Table I).

The pathophysiologic mechanisms underlying TWN dur-
ing exercise are still under debate. The main possibilities
include acute ischemia or stunning/hibernation of the myo-
cardium. The former is supported by the study of Elhendy et
al.,'9 who observed T-wave changes in patients after MI un-
dergoing dobutamine stress echocardiography. In that study,
TWN was associated with perfusion defects (assessed using
the isotope single-photon emission computed tomography
technique), but not with impaired contractility. The ischemic
etiology of TWN has also been suggested by Marin et al.,!!
who assessed myocardial perfusion with an isotope technique
during an exercise test. However, other authors have not ob-
served any association between exercise-induced changes
in the T wave and myocardial ischemia.!2 13 Similarly, our
present results do not support such an association. Specific-
ally, as shown in Table 1, there was no difference between the
groups with and without TWN with respect to exercise-in-
duced ischemia (represented by ST-segment depression or
angina). It is interesting that angina was most frequent in pa-
tients with positive T waves at rest.
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Fic. 1 Original electrocardiogram recordings at rest and at peak exercise in a patient with T-wave normalization (TWN) (A, TWNin leads I1,
111, aVF, Vs, Vo) and in a patient without TWN (B, negative T waves in leads aVL, V1, Va2, V3, V4). Mod. = modified, HR = heart rate, BP =

blood pressure.
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FiG.2  Event-free survival in the study groups during a 6-month follow-up. Group 1: negative baseline T waves and exercise-induced T-wave
normalization (TWN); Group 2: negative baseline T waves without TWN; Group 3: positive baseline T waves. NS = not significant.
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TasLE T Sensitivity and specificity of exercise-induced ST-segment depression and angina, alone or in combination with T-wave normalization
(TWN), in predicting event-free survival in all patients and in patients with negative T waves at baseline

Sensitivity (%) Specificity ( % )
All Patients with All Patients with
patients negative T waves patients negative T waves
Absence of ST-depression 42 60 55
Absence of angina 82 53 45
Absence of ST-depression + TWN 31 100 100
Absence of angina+ TWN 71 89 83

The more likely explanation of TWN seen in our patients is
transient functional improvement of contractility of stunned
or hibernated myocardium. It has been previously suggested
that, in patients after an acute coronary event, negative T-
waves on a resting ECG can be caused by myocardial stun-
ning!* and disappear in response to adrenergic stimulation
(such as during physical exercise or dobutamine infusion).
Indeed, Rambaldi et al. ! observed TWN during dobutamine
stress echocardiography in patients with viable myocardium
after MI. An association between myocardial viability and
exercise-induced TWN has also been confirmed using iso-
tope methods.!6 17 It should also be noted that revasculariza-
tion has been shown to improve myocardial contractility in
patients after MI with exercise-induced TWN. 8

Of particular relevance to the interpretation of our results
are the reports of Pizzetti et al. and Tamura et al.,'? who stud-
ied the significance of TWN as a predictor of long-term re-
covery of contractile function in patients after anterior M1
They have found that exercise-induced® or spontaneous'®
TWN indicates the presence of residual perfusion and predicts
functional recovery of viable myocardium after 6 months. If
the same mechanism is operative in our group of patients, it
may explain the greater incidence of event-free survival in pa-
tients with exercise-induced TWN (Fig. 2).

Clinical Significance

A classical ECG exercise test is commonly used in the
assessment of prognosis in patients after acute non-Q-wave
coronary events.20-23 The test is positive in ~ 33% of all clini-
cally stable patients, originally hospitalized due to unstable
angina. The incidence of positive results reaches 40-50% in
men, diabetics, and in patients with peripheral vascular disease
or a history of coronary artery disease.?* Hence, it is necessary
to find new diagnostic parameters in clinically stable patients
in order to find those requiring coronarography and, possibly,
further invasive therapy. Our present results suggest that exer-
cise-induced TWN may be used as an adjunct in risk stratifica-
tion of clinically stable patients admitted due to unstable angi-
na or non-Q-wave MI.

It should be noted that, when combined with the standard
criteria for a positive exercise test (angina, ST-segment depres-
sion), TWN improved the overall specificity, but not sensitivi-

ty (Table ITI). Thus, it may be particularly useful in certain sub-
populations of patients (e.g., women), in whom standard exer-
cise test criteria are not sufficiently specific and have a low
prognostic value. Therefore, our results require confirmation
on a larger population of patients and in various clinically de-
fined subpopulations of patients.

Conclusion

In clinically stable patients after an acute coronary event
without ST-segment elevation, exercise-induced T-wave nor-
malization is a specific but not sensitive predictor of event-free
survival after 6 months.
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