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The recent decline in postinfarction mortality re-  or during exercise on the®postinfarction day. In the one-
flects the success of the most recent therapeutical propo- year evaluation, no difference in the rate of new infarction or
sals incorporated into clinical practiteDespite this mortality occurred between the groddsuring this period
evolutional enhancement, mostly due to the use of oftime, a larger number of hospital admissions due to car-
thrombolytic agents, an increase in the recurrence of diac events and coronary angiography was observed in
thrombotic phenomena, such as reinfarction and uns- those patients undergoing the conservative treatment, but
table angina, has occurred creating the need for stra- the total number of coronary angiographies was still 40%
tegies that adequately identify the patients with higher smaller than that reported for the group undergoing the in-
probability of an unfavorable outcorhe vasive treatmerit

The current evolution of acute myocardial infarction Evidence obtained in the TIMI Il study was funda-
has resulted in changes in the clinical characteristics of the mental in defining the results obtained in both manage-
patients referred for the provocative tests for ischemia. ments, reducing the impulse to use invasive techniques in
These clinical characteristics were clearly identified by the all patients.
professionals involved in treating acute myocardial infarc-
tion, who needed to reassess the previously existing con- Risk stratification after acute myocardial infarction -
cepts regarding these te&t3his led to the spread of the  The major indicators of a bad prognosis after an acute myo-
routine performance of coronary angiography after acute cardial infarction evaluated in studies of risk stratification are
myocardial infarction before hospital dischatde 1987, re- the following: 1) reduction in ventricular function; 2) residual
search carried out among American cardiologists revealed myocardial ischemia; and 3) substrate for severe arrhythmias
that 86% of them had adopted this management in patients with risk of life. In regard to the prognosis of future events,
who had received thrombolytic agetits the patients may be divided into 3 groups defined by their

The TIMI Il study® was designed to compare the clinical findings. Approximately 20% to 25% of the patients
routine use of coronary angiography prior to hospital dis- have the 3 types of indicators, are considered high risk and
charge with the more conservative management of only have a 1-year mortality rate of 24% to 45%. An intermediate
those patients who had a clinical indication. All patients group with one or two indicators accounts for 25% of the
were treated during the acute phase with recombinant tis- patients and has a mortality rate ranging from 15% to 20% in
sue plasminogen activator (r-TPA) within the first 4 hours of  the first year. The third group accounts for 50% to 55% of the
pain onset. In the group undergoing the invasive procedure, patients, evolves with no complications, and has a favorable
1.636 patients underwent coronary angiography and pro- prognosis with a 1-year mortality rate of 1% to3%
phylactic angioplasty when it was anatomically feasible 18 The authors agree that the clinical criteria used for risk
to 48 hours after administration of the thrombolytic agent. In  stratification in acute myocardial infarction continue to
the group treated conservatively, 1.626 patients were clini- have the same value they had before the current treatment of
cally followed up and only those patients with signs of is-  this entity*?7*1 The TIMI Il study was also very important
chemia during hospital stay, either spontaneous or trigge- in emphasizing the traditional clinical predictors because it
red by the treadmill stress test, were referred for coronary used them in its classification of patients with and without
angiography. No statistically significant difference betwe- |ow risk at the moment of randomizatfsa
en the two groups was observed in regard to mortality or Data necessary for the initial evaluation are predomi-
acute myocardial infarction and the ejection fraction atrest nantly clinical. Estimation of ventricular function does not
need specific tests when used for prognostic finality in the
majority of patients; it may be inferred through a simple rule.
An ejection fraction higher than 40% will be present in
Uni.v.ersidade Federal do Rio Grande do Sull and Santa Casa de Porto Alegre  those patients with the following characteristics: 1) an
gﬁ:g‘ilzgfé,e;sé‘%‘ile Blacher - Rua Murilo Furtado, 287/601 - 90470-440 - electrocardiogram that may be interpreted; 2) absence of a

previous infarction with the Q-wave; 3) no history of heart
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failure; 4) a current clinical finding that is not an acute myo- comparison of the incidence of the event observed in the
cardial infarction of the anterior wall. The positive predictive  exposed population with that of the event observed in the

value of this rule is greater than 0'@8 nonexposed populatiéh For evaluation of depression of
the ST-segment or angina, the values were 1.4% and 2.3%
Indication of coronary angiography - Coronary (relative risk of 0.6; p=0.39). Patients in the conservative

angiography (or even the noninvasive test) is notindicated treatment group with abnormal tests were referred for
in patients to whom revascularization is not an option, either coronary angiography and, in many cases, for revascula-
because of coexistent morbid conditions or because of the rization. These results only showed that the conservative
patient’s preference. Those patients with clinical complica- strategy is safe and can reduce complications. However,
tions, therefore with clear high risk for future events, are nothing can be concluded in regard to the prognostic value
usually candidates for catheterization. On the other hand, of treadmill stress testing, because the evolution of the
the use of coronary angiography or noninvasive tests in patients was altered by the study project itself. Among the
low-risk patients is still controversial patients referred for the invasive strategy, the presence of
Arguments favoring the use of noninvasive tests are depression of the ST-segment showed a tendency toward a
supported by the evidence that this strategy has the samehigher 1-year mortality rate (relative risk = 2.8%; p=0.06).
results regarding reinfarction and mortality as compared Approximately 50% of the studies were carried out after
with patients undergoing routine coronary angiography angioplasty, rendering a better evaluation of the prognostic
with a smaller number of invasive tests and revasculari- value of the tests in this group difficult. The mortality rate
zation*#141¢ Those supporting routine coronary angiogra- was very low (1.4% in the invasive group and 2.3% in the
phy emphasize the low accuracy of noninvasive tests, the conservative group) because in the analysis the deaths pri-
low statistical power and the biases of selection of the or to the 14 day, a cut-off date for the performance of the
studies carried 0Gt”¢ in addition to the better quality of ~ treadmill stress test, were not considered. The relatively
life of those patients undergoing coronary angiography low incidence of events limited the statistical power to
detect differences in prognosis related to the results of the
Treadmill stress testing- Important studies carried treadmill stress test
out around 1980 showed that patients with abnormal results Data obtained in the GISSI-2 stu@yvere analyzed to
in low level exercise tests performed prior to hospital reassess the prognostic value of treadmill stress testing in a
discharge had a mean 1-year mortality rate of 19% versus large population (around 10,000 patients, of whom, more than
2.6% for the patients with normal te$t§hese are resultsof 6,000 underwent treadmill stress testing) with acute myo-
a time when the current therapeutical resources were not cardial infarction treated with the currently recommended
available and, therefore, the patients had more severe therapeutics (thrombolytic agents for all patients, acety-
disease with a worse prognosis and a higher number of Isalicylic acid in 84% of the patients, and intravenous beta-
events during their evolution. In such a situation, tests with - blockers in 48%). One of the most important findings was the
moderate accuracy had significant clinical value. Even confirmation that the impossibility of undergoing treadmill
before mortality rate after acute myocardial infarction stress testing was a strong indicator of a negative prognosis
underwent a significant fall, the value of treadmill stress  (6-month mortality of 7.1% for those patients not undergoing
testing as a predictor of risk had already been questioned the test, of 1.7% for those patients with positive results, and
In the TIMI Il study, either the patients managed of 0.9% for those patients with negative results). The
through invasive strategies or those conservatively treated multivariate statistical analysis confirmed the only two
underwent treadmill stress testing prior to hospital dischar- independent indicators of increased mortality in 6 months:
ge. Of the 3,339 randomized patients, 2,502 (75%) under- ischemia induced by exercise accompanied by angina, and
went the test as follows: 1,168 patients in the invasive- low capacity of exercise (relative risk of 2.07, confidence
approach group and 1,187 patients in the conservative- interval of 95% =1.02-4.23; and relative risk of 1.78, confiden-
approach group. The patients who did not undergo the test ce interval of 95% = 1.06-2.99, respectively). To clarify, the
differed from the others for the following reasons: they were  confidence interval quantifies the accuracy with which means
older, mostly women, and they had more severe disease. and proportions obtained in the samples estimate the same
Among the patients not undergoing the test, 59.2% of parameters in the population, in addition to assessing the
those included in the conservative strategy and 52.5% of amplitude of plausible values originated in the difference
those invasively treated had one or more events (reinfarc- between two means and proportions in different sarfiples
tion, new anginal pain, or heart failure) within the 14 days at Shaw et & carried out a meta-analysis, which summa-
the hospital. These values were significantly smaller for the rizes the research on a topic using structured methdds
patients undergoing the té&t evaluate the relation between the abnormal result of the
One-year mortality among the patients conservatively noninvasive tests and the prognosis of the patients after an
treated was 0.6% and 2.4%, depending on the presence oracute myocardial infarction. This meta-analysis comprised
absence of depression of the ST-segment during treadmill 54 articles published from 1980 to 1995, including almost
stress testing (relative risk 0.2; p=0.13). The concept of 20,000 patients. In spite of the fact that only 18 out of these
relative risk is used for this and it corresponds to the 54 articles reported studies of patients treated with throm-
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bolytic agents, this meta-analysis offers the best evidence Methods -Some technical not always well defined
about the accuracy of noninvasive tests used to estimate life characteristics may influence the results and safety of
expectancy. Articles reporting on the stress electrocardiogram treadmill stress testing, such as: performance of symptom
(28 studies and 15.613 patients) showed a high odds ratio, limited and low level exercise testing, valorization of the
which is defined as the chance of a patient being exposed socalled inconclusive tests, the best moment for perfor-
divided by the chances of a control being exp3gddr ming the test, and suspension of drugs that may interfere
cardiovascular death in patients with depression of the ST- with the results.

segment>1mm (odds ratio 1.7; confidence interval of 95%

1.2-2.5), impairment of the systolic pressure (odds ratio 4.0; Symptom-limited versus low level exercise testing -
confidence interval of 95% 2.5-6.3) or limited duration of the ~ TIMI Il trial, which established the possibility of evaluating
exercise (odds ratio 4.0; confidence interval of 95% 1.9-8.4). patients after acute myocardial infarction through noninva-
The positive predictive value for the different treadmill  sive management, used a low level exercise protéeol
stress parameters in regard to cardiovascular death was In another stud¥’, 202 patients with uncomplicated
very low, varying from 0.04 to 0.11 and in regard to death and acute myocardial infarction, 115 of whom had received
reinfarction from 0.16 to 0.25. The negative predictive value, thrombolytic agents, underwent two treadmill stress tests
with an opposite behavior, varied from 0.94t0 0.98 for death, on subsequent days and in an alternate way through
and from 0.88 to 0.91 for death or reinfarction randomization. One of the tests was interrupted at SMETS

Therefore, the changesin the treadmill stress test usually or 70% of the maximum frequency for the age, while the
used for prognostic evaluation after acute myocardial other was interrupted according to symptoms, electrocar-
infarction are those that show ischemia, such as changesinthediographic or physical examination changes. Symptom-
ST-segment, with a higher appraisal of the changes that occurlimited testing exhibited a longer exercise time (554+209s
with low loads and are accompanied by angina, and those versus 389+125s, p<0.0001), reached higher loads (5.7+1.8
changes indicating reduction in ventricular function, such as METs versus 4.2+1.1 METS; p<0.0001) and a higher heart
low exercise capacity and abnormal behavior of the blood rate (121+20 versus 108+4 bpm; p<0.0001). Patients with
pressure (this latter may not have an independent value). depression of the ST-segmetiimm increased from 56 in

Patients treated with thrombolytic agents have a lower the low level exercise testing to 89 in the symptom-limited
mortality rate, but the risk of new ischemic eventsisincrea- testing (p<0.0001) and patients with depression of the ST-
sed. Thrombolytic therapeutics exposes the patient to the segment2mm, increased from 22to 41, an increase of 86%
potential risk of reocclusion. It is not reasonable to expect (p<0.0001). The authors conclude that the symptom-limited
that treadmill stress testing, which aims to identify reversible testis associated with an ischemic response approximately
ischemia and severe ventricular dysfunction, will be ableto two times higher than that of the low level exercise testing.
predict an acute thrombotic occlusion, especially because In regard to safety, only two patients showed complica-
occlusion can be independent from the degree of coronary tions temporally related to the testing: one of them had a
stenosig?® This explains partially the difficulty of thetest ~ nonfatal acute myocardial infarction 5 hours after comple-
in predicting future events. ting a symptom-limited test.

Comparison between the accuracy of treadmill stress Another study® showed results of 150 patients with
testing and other noninvasive methods - In addition to stress uncomplicated acute myocardial infarction, who were
electrocardiography, the major noninvasive methods used to assessed in the same test at 70% of the foreseen maximum
stratify the risk after an acute myocardial infarction are the
following: stress myocardial scintigraphy, pharmacological
stress myocardial scintigraphy, stress radionuclide ventricu-
lography, and stress and pharmacological stress echocardio
graphies. Accuracy of the diverse parameters evaluated th-
rough these methods is similar to that of the treadmill stress
test, with little if any additional information added to data
obtained with this conventional examination, mainly regar-
ding the positive and negative predictive values (table I). The
best results obtained for the positive predictive value are
those related to identification of a new dyssynergia on the
stress echocardiogram (0.48) and an ejection fractiofio

Table | — Evaluation of noninvasive techniques in the AMI

Cardiac death
PPV

Cardiac death/AMI
PPV NPV

Tests
NPV

Treadmill stress testing0.04-0.11 0.94-0.98 0.16-0.21 0.89-0.91
Stress myo. scint. 0.07-0.7 0.98 0.16-0.17 0.95-0.97
Stress radion. 0.10 0.90 0.17-0.19 0.90-0.91
Stress myo. scint. 0.15-0.27 0.94-0.98 0.17-0.31 0.91-0.94
Stress echo 0.18 1.0 0.14-0.48 0.86-0.92
Pharm-stress echo. 0.05 0.98 0.08 0.94

Stress myo. scint.— stress myocardial scintigraphy; pharm. stress myo.

at the exercise peak, assessed through radiocardiography
(0.31).The results of negative predictive value differ little
from those obtained through treadmill stress testing
(table I)”. However, it is important to emphasize that this
evidence was obtained from a meta-analysis, which is a
study where the populations and methods applied are

different, impairing the power of the comparative anafsis

scint.- pharmacological stress myocardial scintigraphy; stress radi
ventriculog.— stress radionuclide ventriculography; stress echo.— str|
echocardiography; pharm. stress echo.— pharmacological str¢

echocardiography; AMI- acute myocardial infarction; PPV- positive

predictive value; NPV— negative predictive value. Variability of the valug
of PPV and NPV in a same testing is due to the different results obtai
with the various parameters studied in each type of testing (modified ta|
from Shaw et a).
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heart rate and at the end of the symptom-limited test. Results performed in patients who evolve without complications
were positive in 23% of the patients at the end of the first between theBand the Bday after the acute myocardial infarc-
stage and in 40% when the tests were symptom-limited tion. Symptom-limited testing is indicated from tfiel&y or’.
(p<0.001). During a follow-up period of 15+5 months, a
significantly higher number of patients with symptom-limited Suspension of the drugs  the evaluation of the
tests showed events (p<0.001). No complications from the GISSI-2 trial data, drugs were suspended to increase the
tests were reported. The tests were considered safe and wherffectiveness of the tests; however, in other studies,
performed with a symptom-limited protocol more patients patients were examined with varied treatments or with no
with ischemia were identified with a higher risk of future  treatment at a&f*?231-32 This is another reason for confusion
events who could benefit from precocious intervention. that may pass unnoticed in the assessment of the published
The guidelines of the American Heart Associationand results and clinical use of testing.
of the American College of Cardiology suggest that
symptom-limited testing performed after acute myocardial Conclusions -Patients with contraindication for
infarction is safe. But, taking into account that the prog- treadmill stress testing after acute myocardial infarction
nostic value of the ST-segment alterations in higher exercise (persistent ischemia, hemodynamic impairment, severe
levels is yet uncertain, the AHA/ACC guidelines caution arrhythmias and noncardiac diseases that prevent test
that the use of these symptom-limited tests may lead to an performance) constitute a group of older patients, with a
unnecessary number of cardiac catheteriz&tion higher proportion of women, patients with more severe
disease, and with a significantly higher risk than patients
Inconclusive testings Animportantand notvery clear  undergoing testing.
question regards patients who have their tests interrupted Treadmill stress testing may be used to stratify the risk
due to fatigue before reaching heart rates considered of patients after an acute myocardial infarction in conser-
effective, without pathological alterations, especially when vative management with risks in general similar to those of
on drugs that modify the chronotropic response. Would this coronary angiography.
be a normal symptom-limited study or an ineffective test? Patients with negative tests have low risk of develo-
While most of the authors do not properly clarify this point  ping events (high negative predictive value) and may be
and seem to interpret these patients as having completed thekept under clinical observation. On the other hand, patients
test”?8 the GISSI-2 protocol defines a heart rate higher than with positive results should be referred for a better eva-
85% of the heart rate foreseen for the age, and a test that doesuation, usually with coronary angiography, which may, in
not reach this objective, without signs of ischemia, as many cases, not confirm the presence of severe coronary
nondiagnostic. Such patients have an intermediate relative lesions (low positive predictive value).
risk for events in 6 months compared with patients with Whenever possible, symptom-limited testing should be
positive and negative tests. Inclusion of nondiagnostic tests performed in the absence of specific medications to enhance
as negative is considered by the authors as one of thethe capacity of the testing to reveal myocardial ischemia.

reasons for confusion of the resitts Those tests with positive results only with high
exercise levels, those with electrocardiographic criteria for
Time for performing the testing -Precocious treadmill ischemia without symptoms (silent ischemia) or those

stress testing after acute myocardial infarction is safe with interrupted due to fatigue without ischemic alterations and
an incidence of 0.03% for death, 0.09% for nonfatal acute without reaching the recommended heart rate (nondiag-
myocardial infarction or recovered cardiac arrest, and 1.4% nostic testings) have a smaller prognostic value and should
for severe arrhythmid$ be carefully evaluated. Many times, confirmation of the

Time for performing the tests varied in each study results through other noninvasive techniques, prior to a
24228132 Traditional low level exercise testing may usually be  possible coronary angiography, is recommended.
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