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Introduction

The goal of risk stratification after acute
myocardial infarction is to identify patients
whose outcome can be improved through
specific medical interventions. Current clin-
ical practice in patients presenting with symp-
toms of acute myocardial infarction is based
on prompt reperfusion (either with angio-
plasty or thrombolysis) and on early coronary
angiography in patients with a complicated
course. Patients with an uncomplicated course
(no heart failure, no recurrent angina, no elec-
trical instability) generally undergo predis-
charge exercise electrocardiography which
will dictate subsequent management!. In the
last few years, imaging stress testing with ei-
ther ultrasound or nuclear techniques has
been proposed as a useful method in addition
or as an alternative to exercise electrocar-
diography. This has led to a paradoxical sit-
uation wherein a number of more or less so-
phisticated imaging modalities has been in-
creasingly applied to select the few patients
prone to develop cardiac events in a broad
population with a very low inherent risk2.

The aim of this editorial was to elucidate the
relative role of clinical variables and predis-
charge stress testing for risk assessment after
acute myocardial infarction. In particular, the role
of dobutamine stress echocardiography is dis-
cussed in more detail, with a review and com-
ment of the pertinent literature on this topic.

Acute evaluation

Risk stratification must begin when acute
myocardial infarction is diagnosed3. Patient
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history and clinical findings may suffice to
provide useful information. Patient age, heart
failure, anterior infarction, previous infarc-
tion, hypotension, tachycardia, diabetes mel-
litus, smoking, hypertension, female sex,
and previous vascular disease have all been
defined as important risk factors#, and the
presence of these risk factors should always
be incorporated in the initial evaluation.
Furthermore, the allocation of patients in
risk categories is of paramount importance
for the selection of subsequent patient man-
agement and for interpretation of noninva-
sive stress test results.

Hospital stay

The main issue related to patient man-
agement during hospital stay is the chal-
lenge between “aggressive treatment ver-
sus early discharge”10. Recurrent ischemia,
electrical instability, mechanical complica-
tions (ventricular septal defect, mitral re-
gurgitation, free wall rupture) or pump dys-
function should be strongly considered for
more aggressive interventions including car-
diac catheterization. On the other end of the
spectrum, patients should be continually as-
sessed for the possibility of early discharge.
For patients who have had an uncomplicat-
ed course, the final predischarge risk can
be assessed about 4 to 5 days after infarction.

Predischargerisk stratification

The extent of left ventricular dysfunction
is the most important predictor of postin-
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farction mortality. Early studies showed that there was
an almost logarithmic inverse relationship between ejec-
tion fraction and cardiac mortality, with events increas-
ing sharply in patients with an ejection fraction < 40%!11.12,
This relationship has held true even in the thrombolyt-
ic eral3. Thus, patients with an uncomplicated course but
with a left ventricular ejection fraction < 40% should un-
dergo cardiac catheterization.

Among patients with a left ventricular ejection frac-
tion > 40%, clinical judgment has the potential of allo-
cating patients in different risk categories. Three trials
prospectively examined clinical and noninvasive labo-
ratory data to predict patients at a low risk of death or
reinfarction. In the TIMI II trial, eight factors were
identified as prognostic determinants of 6-week mor-
tality!4. These factors were ranked as follows: rales in
= 1/3 of the lung field, age > 70 years, atrial fibrillation,
hypotension and sinus tachycardia, diabetes mellitus, pre-
vious infarction, female gender, and anterior infarction.
The 6-week mortality rate according to the number of
these risk factors is reported in figure 1!4. From this fig-
ure the difference between patients with no or with one
risk factor (mortality ranging from 1.5 to 2.3%) com-
pared to patients with two or more risk factors (mortality
ranging from 13 to 17%) is evident.
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Figure 1. Mortality at 6 weeks according to the number of risk factors.
From the TIMI Sudy Group4, modified.

In the GISSI-2 study, the five most important inde-
pendent predictors of mortality included ineligibility
for the exercise test (relative risk-RR 3.3), left ventric-
ular failure (RR 2.5), echocardiographic left ventricular
dysfunction (RR 2.5), electrical instability (RR 1.6),
and age > 70 years (RR 1.56)!5. Interestingly, a positive
exercise test was not an important predictor. The inde-
pendent predictors of nonfatal reinfarction were ineli-
gibility for exercise testing, previous myocardial in-
farction, and postdischarge angina. Again, a positive
exercise test was not predictive of reinfarction.
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In the GUSTO I trial, at multivariate analysis the five
most important clinical predictors of 30-day mortality
were age, systolic blood pressure, Killip class, heart
rate, and infarct location!®.

All these studies consistently indicate that, in patients
with preserved left ventricular function, the absence of
clinical risk factors identifies a subgroup of patients
with a very low likelihood of future cardiac events.
Such a population of patients has an incidence of adverse
irreversible events so low that prophylactic intervention
would be unlikely to alter it. By definition, such patients
would not require extensive postinfarct testing, as their
event rates would naturally be so low as to negate any
value of subsequent intervention.

Role of stresstesting

Exer cise eectrocar diogr aphy. The main purpose of ex-
ercise testing in patients initially treated by acute reper-
fusion is the assessment of functional status and, pos-
sibly, risk stratification for future ischemic events. The
issue whether and when to perform the exercise stress
test after myocardial infarction remains controversial.
Early exercise testing before discharge was the gold
standard in the prethrombolytic era when other assess-
ments were often not performed and it is well known that
patients who, because of cardiac limitations, are not
eligible for stress testing have a high risk of dying dur-
ing the subsequent year!”. Few studies have determined
whether stress tests add any information to that ob-
tained from the physician’s clinical assessment. For in-
stance, in the Multicenter Postinfarction Research Group
study, exercise stress testing (as well as Holter moni-
toring) failed to provide additional prognostic infor-
mation beyond that obtained from clinical variables
and ejection fraction (Fig. 2)!8. Nowadays, given the rel-
atively low rate of mortality following acute reperfusion,
the high ancillary use of coronary angiography and the
shortening of hospital stay to < 5 days, standard exer-
cise testing may be of limited use. Most of the large
thrombolysis trials have found a low mortality rate (1-
2%) 1 year after discharge. The predictive value of ear-
ly exercise testing is thus low and false positive results
are common.

Results from a meta-analysis of studies of exercise
electrocardiography showed that the positive predic-
tive value (for cardiac death or myocardial infarction)
ranged from 16 to 21%, according to the marker con-
sidered (S-T segment depression, impaired systolic
blood pressure)!®. Thus, given the low event rate in the
tested population (overall 1-year mortality rate, 3.3%),
the positive predictive values are low for all of these tests.
Conversely, the negative predictive value of exercise
electrocardiography is approximately 90%>3.

Analysis of the GISSI-2 data base also indicates that,
for patients with a positive exercise test, the 6-month
mortality was 1.7 versus 0.9% for those with a negative
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Figure 2. Incremental prognostic value of diagnostic tests above clinical
variables after acute myocardial infarction. Receiver-operator charac-
teristic curves are presented for historical and clinical data (1), ra-
dionuclide ventriculography (2) and exercise test variables (3). Theim-
provement in sensitivity and specificity by additional information fromthe

radionuclide scan and exercise test is clinically insignificant. From Tib-
bits et al.18, modified.

test20. Thus, although a negative test is reassuring, patients
with a positive exercise test still have a >98% chance of
survival over the ensuing 6 months. Although the addition
of echocardiographic or nuclear imaging techniques will
increase the sensitivity of functional testing, the very low
event rates preclude a useful predictive accuracy for such
tests, as many false positive results will occur.

Myocar dial perfusion imaging. Pooled data from 894
patients, derived from a meta-analysis of studies of ex-
ercise perfusion imaging, showed that the presence of a
reversible perfusion defect was more sensitive than rou-
tine exercise electrocardiography, at the cost of reduced
specificity!®. Positive and negative predictive values
were 16 and 95% respectively. Given these findings, one
wonders if there is any rationale for the routine use of my-
ocardial perfusion imaging in patients recovering from
an uncomplicated acute myocardial infarction.

Stress echocar diogr aphy. A large-scale multicenter tri-
al has demonstrated that, early after uncomplicated my-
ocardial infarction, dipyridamole echocardiography is fea-
sible and safe and allows effective risk stratification on
the basis of the presence, severity, extent and timing of
the induced dyssynergy?!. However, just as for exer-
cise electrocardiography, the positive predictive value of
dipyridamole echocardiography was low, rendering the
practical management of patients with a positive re-
sponse still uncertain. In contrast, the test had an excel-
lent high negative predictive value and this constituted
the background for an early discharge strategy?2. Stud-
ies of algorithms of patient selection for testing are
needed to compare the relative information gain, risk and
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cost?3. Finally, comparative studies in the same patient
groups indicate that echocardiographic imaging during
dipyridamole infusion is superior to scintigraphy for pre-
dicting events after uncomplicated acute myocardial
infarction24:25.

Dobutamine stress echocardiography has recently
been applied for evaluating the risk of subsequent car-
diac events after acute myocardial infarction. Studies in-
cluding > 100 patients and addressing this issue are re-
ported in table 126-31. All these studies include patients
with an uncomplicated course, the vast majority with a
first myocardial infarction, in whom a globally good out-
come can be anticipated. A maximum dose of 40
mcg/kg/min, plus atropine if needed, was used in all the
studies. With the exception of one?8, all studies evalu-
ated both myocardial viability and residual myocardial
ischemia. However, there is significant heterogeneity in
the diagnostic criteria for defining the presence of my-
ocardial viability. These were based on the improvement
in the contractility of a different number of myocardial
segments (1 or 2 or 3). Alternatively, a decrease > 0.22
in the infarct zone wall motion for the diagnosis of my-
ocardial viability was considered3!. As a consequence,
even the criteria for diagnosis of myocardial ischemia
were slightly different. Cardiac events considered at
follow-up were cardiac death, nonfatal myocardial in-
farction, and unstable angina. Sustained ventricular
tachycardia, ventricular fibrillation, and congestive heart
failure requiring hospitalization (which was responsible
for about one fourth of the events) were also included
in one study?2¢. In all these studies, positivity of the test
was based on the evidence of myocardial ischemia, in-
cluding new wall motion abnormalities, worsening of
resting dyssynergies, or a biphasic response. The prog-
nostic value of dobutamine echocardiography observed
in the different studies according to this definition is re-
ported in table I. In most of the studies, negative pre-
dictive values ranged from 88 to 90% for all events, 95-
98% for hard events, and 98-99% for death27.28.31, Pos-
itive predictive values ranged from 10 to 23% for all
events, 5-11% for hard events, and 2-4% for cardiac
death. Two other studies showed higher positive and low-
er negative predictive values29.30, This finding reflects
the high number of positive tests observed in these se-
ries of patients (63 and 62%, respectively) and can be
primarily related to the population studied (all throm-
bolysed patients in one study?9; high percentage — 58%
— of non-Q wave myocardial infarction in the other
study30). Nevertheless, despite the different criteria
adopted for defining myocardial ischemia and the dif-
ferent events considered at follow-up, the role of dobu-
tamine-induced myocardial ischemia as a risk factor
after uncomplicated acute myocardial infarction is con-
sistent in all the studies reported in the literature. More-
over, the only head-to-head comparative predischarge
study between dobutamine and dipyridamole stress
echocardiography in patients with acute myocardial in-
farction showed a similar prognostic value for the two
types of stress32.
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The prognostic value of viable myocardium after
acute myocardial infarction has been questioned. For in-
stance, viable myocardium has been associated with
the occurrence of unstable angina at follow-up?7, but al-
so lack of viability has been associated with an adverse
outcome?¢. In contrast, in two studies, myocardial via-
bility did not show an independent prognostic value29.31.
When interpreting these controversial findings, the dif-
ferent echocardiographic criteria of myocardial viabil-
ity and the clinical endpoints adopted in the different
studies should be kept in mind (Table I). Moreover,
sustained improvement in the infarct zone throughout
dobutamine infusion occurs in a minority of patients, of-
ten being followed by deterioration at high doses (bipha-
sic response). In this circumstance the unfavorable prog-
nostic weight is carried by the ischemic phase, rather than
by the viability. Thus, one can conclude that, after un-
complicated acute myocardial infarction, the presence
of contractile reserve per se, at a low dose of dobutamine,
is not associated with a worse outcome, unless further
deterioration in wall motion occurs at higher doses.
Lastly, it should be pointed out that, in general, the
identification of viable myocardium in patients with a
preserved left ventricular ejection fraction is of little clin-
ical relevance, while, in patients with global left ven-
tricular dysfunction, the assessment of both contractile
reserve and myocardial ischemia may identify different
subgroups of patients and potentially unmask substan-
tial prognostic heterogeneity33. The practical implications
of this functional approach in patients with left ven-
tricular dysfunction (may patients with a pronounced vi-
ability response at low-dose dobutamine and without in-
ducible ischemia at high doses avoid cardiac catheter-
ization and be left on medical therapy? should we revas-
cularize all patients with a significant contractile re-
serve?) are still unclear.

In summary, similar to exercise electrocardiogra-
phy, dobutamine echocardiography has a high nega-
tive predictive value, and is able to discriminate the
subgroup of patients with a higher likelihood of an ad-
verse outcome34. What is, then, the practical prognos-
tic benefit of predischarge dobutamine echocardiogra-
phy in these patients? Again, we believe that the indi-
cation for this stress test should be tailored according to
the clinical scenario. Risk stratification by clinical vari-
ables allows to discriminate patients with a different out-
come. In patients with an intermediate risk at clinical
judgment (age > 60 years or diabetes mellitus) the re-
sponse to the dobutamine stress test can be used to dis-
tinguish patients according to the risk of future cardiac
events3!.

Conclusions

The questions now are: which of the noninvasive tests
is the most predictive and cost-effective, and do we
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need them for every patient? The time of disregarding
all the information derivable from stress testing has not
yet come. Rather, the aim of this editorial was to re-em-
phasize the concept that, after an uncomplicated acute
myocardial infarction, indications for stress testing
should be accurately tailored on individual basis and the
prognostic information should be put in the larger con-
text provided by the clinical picture.

We do not have a definite answer yet. However,
from the studies available in the literature and our own
experience, the following conclusions can be drawn. In
the reperfusion era, the left ventricular ejection fraction
still plays a major role in the prognostic assessment of
patients with an uncomplicated course. Thus, patients
with a left ventricular ejection fraction < 40% should un-
dergo coronary angiography. Patients with a left ven-
tricular ejection fraction > 40% usually undergo a pre-
discharge stress test, with a preference for exercise elec-
trocardiography because of practical reasons. Howev-
er, in this population, the appropriate application of
Bayesian analysis demonstrates that the large number of
false positive test responses (independent of the test
employed) is a consequence of the extremely low pretest
likelihood of disease and often leads to further nonin-
vasive and invasive testing at substantial cost and some
risk to these patients. Thus, risk stratification, on the ba-
sis of clinical variables alone, should form the basis for
subsequent noninvasive stress testing strategies. Pa-
tients with a clinical risk factor < 1 will probably have
no additional information from the results of any stress
testing. On the other hand, it is likely that the presence
of several risk factors has a negative prognostic im-
pact, beyond the results of stress tests. The efficacy of
this assumption should be verified in prospective large-
scale clinical studies.

We are entering a new era where prognostication of
patients after uncomplicated acute myocardial infarction
will be debated. Until conclusive results are available,
we should avoid confusion and remember that “the
multiplicity of prognostic indicators identified poses
practical difficulties for physicians who have no estab-
lished institutional policy to follow. On the one hand,
they may have difficulty in choosing a single test; on the
other, when they choose to apply multiple tests, they may
have difficulty in interpreting the conflicting results. They
should not be tempted to disregard all the clues avail-
able from the clinical follow-up and from routine tests
in favor of a single test that was shown to be highly pre-
dictive in a report published in a major journal, unless
it is clear in which specific subgroup of patients and un-
der what conditions it has the prognostic value report-
ed”3.
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