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Abstract
Background: Although percutaneous coronary intervention (PCI) is becoming the standard
therapy in ST-segment elevation myocardial infarction (STEMI), to date most patients, even in
developed countries, are reperfused with intravenous thrombolysis or do not receive a reperfusion
therapy at all. In the post-lysis period these patients are at high risk for recurrent ischemic events.
Early identification of these patients is mandatory as this subgroup could possibly benefit from an
angioplasty of the infarct-related artery.
Since viability seems to be related to ischemic adverse events, we initiated a clinical trial to
investigate the benefits of PCI with stenting of the infarct-related artery in patients with viability
detected early after acute myocardial infarction.
Methods: The VIAMI-study is designed as a prospective, multicenter, randomized, controlled
clinical trial. Patients who are hospitalized with an acute myocardial infarction and who did not have
primary or rescue PCI, undergo viability testing by low-dose dobutamine echocardiography
(LDDE) within 3 days of admission. Consequently, patients with demonstrated viability are
randomized to an invasive or conservative strategy. In the invasive strategy patients undergo
coronary angiography with the intention to perform PCI with stenting of the infarct-related
coronary artery and concomitant use of abciximab. In the conservative group an ischemia-guided
approach is adopted (standard optimal care).
The primary end point is the composite of death from any cause, reinfarction and unstable angina
during a follow-up period of three years.
Conclusion: The primary objective of the VIAMI-trial is to demonstrate that angioplasty of the
infarct-related coronary artery with stenting and concomitant use of abciximab results in a clinically
important risk reduction of future cardiac events in patients with viability in the infarct-area,
detected early after myocardial infarction.
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Background
Management of acute myocardial infarction (AMI) has
underwent considerable changes in the last two decades
and the management of patients with AMI has become
more established [1,2]. In patients with ST-segment elevation myocardial infarction (STEMI), primary angioplasty
is becoming first-choice therapy [2-4]. However, because
of the low availability of such treatment, even in developed countries, most patients with STEMI are reperfused
with intravenous thrombolysis. Many patients do not
receive a reperfusion therapy at all [5,6].
Data from large clinical trials indicate that after successful
thrombolysis more than 50% of patients have a significant residual stenosis and about 30% of patients have
spontaneous or inducible ischemia [7-9]. In this group
reocclusion of the infarct-related artery is a potential
threat, as it is associated with recurrent ischemia or recurrent infarction [10,11]. Therefore, early risk assessment is
of great importance, especially in patients treated with
thrombolysis and patients who did not receive reperfusion therapy. This risk assessment should be followed
by an effective treatment strategy in order to prevent recurrent cardiac events and deterioration of left ventricular
function [12,13]. As these recurrent events are mainly due
to the presence of an unstable residual stenosis of the infarct-related coronary artery, an effective therapy should
include an invasive procedure like angioplasty to optimize coronary flow to the infarct area in high risk patients
[11].
Trials have been performed to study the effect of routine
angioplasty on clinical outcome early after AMI treated
with thrombolysis [14-20]. Most of these studies failed to
show improvement of clinical outcome with a standard
invasive approach. Possible explanations for these results
are the unselected approach, and the high risk profile of
balloon angioplasty in the early days, when abciximab
and stents were not available. Because angioplasty always
carries an inherent risk, it remains important to select
those patients after a recent myocardial infarction, who
will actually benefit from angioplasty of the infarct-related
artery.
To date, non-invasive risk stratification after AMI has
mainly focused on exercise stress testing. The inability to
exercise, the low diagnostic accuracy and resting ECG
abnormalities, however, remain important limitations in
the detection of ischemia [21].
Several post-infarction observational studies investigated
viability as prognosticator and showed that the presence
of viability in the infarct area was highly predictive for
future coronary events like recurrent ischemia, recurrent
infarction, left ventricular failure, and death [22-31]. Via-
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ble tissue is potentially jeopardized by an unstable residual stenosis in the infarct-related coronary artery. In a
meta-analysis of non-randomized data by Iskandrian, the
impact of revascularization on clinical outcome in
patients with viability after AMI was studied [32]. A significant decrease in future cardiac events was observed in the
patients with viability who were revascularized. In contrast, the outcome in patients without viability in the infarct area did not change by an invasive strategy.
In this context it should be noted that other post-infarction studies have shown viability to be associated with an
improved prognosis [33-36]. Two studies demonstrated
that especially patients with severe LV dysfunction and
viability show a better survival than patients with LV dysfunction but without viability [34,36]. The reason for this
paradox is not quite understood. However, it can be
argued that patients with viability have a potential of
recovery of LV function (spontaneous or by revascularization), thereby improving their survival [37]. Thus, on one
hand viability may improve survival by recovery of function especially in patients with moderate to severe LV dysfunction, on the other hand viability is related to a worse
prognosis by increased risk of recurrent ischemic events.
Based on the aforementioned assumptions, we initiated a
clinical trial to investigate the benefits of percutaneous
coronary intervention (PCI) of the infarct-related artery in
patients with viability detected in the early, subacute
phase of myocardial infarction. To demonstrate viability,
we use low-dose dobutamine echocardiography (LDDE).
This test can safely be performed 48 hours after acute MI
[23,27,30,31]. It is a well validated bedside test with a
diagnostic accuracy of about 80%, which is comparable to
scintigraphical techniques (SPECT/PET) [38]. Coronary
stenting will be performed with concomitant use of abciximab. After stenting, oral clopidogrel is given in a standard way. With this approach the lowest possible
periprocedural event rate will be attained, with a low rate
of target vessel revascularization (TVR) [39-43].
We hypothesize that, in order to prevent future cardiac
events, PCI is only useful in patients with viability in the
infarct zone early after myocardial infarction.

Methods
Patient Selection
Patients admitted to any of the participating centers with
an acute or recent myocardial infarction, who are not
treated by direct or rescue angioplasty, and who are stable
during the first 48 hours after the acute event, are screened
for the study. Patients < 80 years of age are considered
suitable for the study when they have definite myocardial
infarction, as demonstrated by an significant rise in creatine kinase-MB levels (twice the upper limit of normal:
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ULN), 1 mm ST segment elevation in two or more standard leads or 2 mm ST segment elevation in two contiguous
chest leads, and/or the development of Q waves.
The criteria for exclusion are: viability testing technically
not possible (poor echo-window), contraindications for
dobutamine echocardiography (arrhythmia), and coronary angiography (severe diabetic nephropathy or known
contrast-allergy), serious life-threatening non-cardiac illness, ECG abnormalities making the evaluation of the ST
segment impossible (left bundle branch block, pacemaker), and an unreliable follow-up.
The study complies with the Declaration of Helsinki and
all ethics committees of the participating centers have
approved the protocol. All eligible patients provide written informed consent.
Study design
The study is a prospective, multicenter, randomized, controlled clinical trial. In the VIAMI-trial, patients who are
admitted to the hospital with an acute myocardial infarction and who did not undergo primary or rescue PCI, are
evaluated by LDDE within 3 days of admission. Patients
with unequivocal signs of viability in the infarct-area are
randomized to an invasive or a conservative treatment
strategy. In the invasive strategy patients undergo coronary angiography with the intention to perform PCI with
stenting of the infarct-related coronary artery. In the conservative group an ischemia-guided approach is adopted
with stress testing before discharge from the hospital.
When the test is highly suggestive for ischemia, coronary
angiography will be performed. If revascularization is performed, this will be scored as a secondary endpoint.
Patients without viability will serve as a registry group
with long-term follow-up (Fig 1). These patients are
assigned to the conservative group in order to prevent
physicians' bias during the trial.

The primary endpoint is the composite of death from any
cause, recurrent infarction, and unstable angina. The secondary endpoints are need for revascularization, the
occurrence of angina pectoris (CCS classification), and the
incidence of heart failure (NYHA classification). Left ventricular function is also evaluated as determined by
echocardiography at 3 months, 6 months, and 1 year
follow-up.
A reinfarction is diagnosed if there is an increase in the
total creatine kinase and MB isoenzyme activity (2 times
ULN) and either a history of ischemic chest discomfort, or
electrocardiographic changes indicative for transmural
ischemia or necrosis.
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For the diagnosis of unstable angina, the patient must be
hospitalized with ischemic chest pain or discomfort
occurring at rest or with minimal exertion. In addition,
the need for intravenous medical intervention and/or
objective evidence of myocardial ischemia is required. For
extensive description of the end points definitions, see
Table 1.
A clinical endpoints and safety monitoring committee
will continuously check and monitor all events in a
blinded manner. Reinfarction after revascularization will
be scored as described in Table 1. Major and minor bleeding complication in the invasive treated group are defined
according to the criteria of the Thrombolysis in Myocardial Infarction trials [44]. All patients will be treated with
aspirine, beta blockers, angiotensin-converting-enzyme
inhibitors and statins as accepted in international guidelines [2,4].
Low-dose dobutamine echocardiography
If the inclusion criteria are met and none of the criteria for
exclusion, viability testing by LDDE is performed within 3
days of admission.

Preferably, beta-blockers are withdrawn 24 hours before
the test [23,27,30,31]. Discontinuation of beta-blockers
seems to to enhance LDDE accuracy [45,46]. Before the
administration of dobutamine, a baseline echocardiogram is obtained according to the guidelines of the American Society of Echocardiography [47]. Five standard
views are obtained: the parasternal long-axis and shortaxis view and the apical two, three- and four-chamber
view. A 16-segment model is used in which the apex is
divided in 4 segments. Segmental wall motion and thickening is scored according to a 4-point scale: 1 = normal, 2
= hypokinetic, 3 = akinetic, and 4 = dyskinetic. Left ventricular volumes and ejection fraction are measured by use
of the modified Simpson's rule algorithm from orthogonal apical long-axis projections as recommended by the
American Society of Echocardiography.
Dobutamine is administrated intravenously at doses of 5,
10, and 15 µg/kg/min, for 5 minutes at each dose. When
a 10% increase in heart rate is not achieved with 15 µg/kg/
min, a 5-minute infusion with 20 µg/kg/min can be used
as the final stage of the procedure.
Viability is defined as the improvement of wall motion
abnormalities in two or more segments of the infarct
zone. Changes from hypokinesia to normokinesia and
from dyskinesia or akinesia to hypo- or normokinesia are
considered an improvement in wall motion abnormality.
Dyskinesia changing to akinesia is not considered as an
improvement. Patients are continuously monitored by a
12 lead ECG and blood pressure is recorded at the end of
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Table I: Primary end point definitions

Definition of reinfarction
1. Reinfarction during hospitalization for index infarct and not related to revascularization procedures
- Either ischemic type of chest discomfort or new electrocardiographic changes indicative for transmural ischemia or necrosis with an increase in
the total creatine kinase and MB isoenzyme activity. The activity of CK-MB has to be at least 2 times the upper limit of normal and more than 50%
above the previous baseline value.
2. Reinfarction discharge for index infarct and not related to revascularization procedures
- Either a history of ischemic chest discomfort, usually lasting > 20 minutes, or classic electrocardiographic changes indicative for transmural
ischemia with an increase in the total creatine kinase and MB isoenzyme activity of at least 2 times the upper limit of normal.
- New abnormal Q-waves (amplitude ≥ 1/3 of total QRS amplitude and ≥ 0.04 seconds) in ≥ 2 contiguous leads.
3. Periprocedural reinfarction during revascularization after index infarct
PCI
- Classic electrocardiographic changes indicative for transmural ischemia with an increase in the total creatine kinase and MB isoenzyme activity of
at least 2 times the upper limit of normal.
- New abnormal Q-waves (amplitude ≥ 1/3 of total QRS amplitude and ≥ 0.04 seconds) in ≥ 2 contiguous leads.
CABG
- Classic electrocardiographic changes indicative for transmural ischemia with an increase in the total creatine kinase and MB isoenzyme activity of
at least 5 times the upper limit of normal.
- New abnormal Q-waves (amplitude ≥ 1/3 of total QRS amplitude and ≥ 0.04 seconds) in ≥ 2 contiguous leads.
Definition of unstable angina
- Ischemic type of chest discomfort at rest or with minimal exertion, with a duration of at least 15 minutes. The presenting symptoms must
represent a change from the patients' usual anginal pattern.
- Either a need for intravenous medical intervention and/or objective evidence of myocardial ischemia (dynamic ST changes in ≥ 2 contiguous
electrocardiographic leads, or an abnormal elevation of Troponin-T or Troponin-I without a significant rise of CK MB isoenzyme activity)
PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CK-MB, creatine kinase myocardial enzyme

each stage. All views are recorded at rest and during dobutamine on VHS videotape. All videotapes are sent to the
core-lab (VU University medical center) and will be analyzed by 2 experienced observers. A third observer is used
in case of disagreement to reach consensus.
For subsequent off-line analysis, the echocardiographic
images will be digitized from VHS videotape and transferred to a working station (Enconcert® by Philips). The
images will be displayed side-by-side in a quadscreen format to facilitate the comparison of images.
Coronary angiography and angioplasty
Angiography and angioplasty will be performed as soon
as possible after randomization. Coronary angiography
will be performed according to standard protocols. To
determine the severity of culprit lesions, quantitative coronary arteriography (QCA) will be performed to measure
percent diameter stenosis, reference diameter and crosssectional area stenosis. The degree of stenosis will be
determined in the view in which the stenosis is most
severe.

When feasible, PCI will be performed (with or without
etc) when there is a significant (≥ 50%) stenosis or occlusion of the infarct-related coronary artery, with the intention to perform primary stenting of the infarct-related
artery, with concomitant use of abciximab, according to
the EPILOG protocol [39] After stenting, all patients
recieve oral clopidogrel in a standard way. In case of

severe 3-vessel disease or significant left main stem stenosis, where PCI is judged to be a high risk, coronary artery
bypass grafting will be considered.
Follow-up
Patients will be followed for a period of three years. Follow-up data will be obtained of all patients during visits at
the outpatient clinic in the first year, and by telephone
interview in the second and third year of follow-up. Left
ventricular function (volumes and ejection fraction) is
determined by echocardiography at 3 months, 6 months,
and 1 year of follow-up.
Statistical design
The VIAMI-trial is conducted to investigate the differences
in clinical outcome between an invasive and a conservative strategy in patients with demonstrated viability in the
infarct-area. The expected event rate in the viability positive group is estimated to be 35 percent. To demonstrate
with a power of 80% (α = 0.05, two-sided) that PCI leads
to a 50% reduction in event rate in the invasive group
compared to the conservative group, 200 patients will be
needed in each group. Therefore, we intend to randomize
a total of 400 patients in this trial, with interim analysis
after 200 included patients.

The formal stopping rules for the study are the following:
If one of the treatment strategies appears significant superior at interim analysis (P ≤ 0.01), the study will be
stopped.
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Statistical analysis
Baseline descriptive data will be presented as mean ±
standard deviations (SD). Differences in clinical and
echocardiographic variables will be assessed by unpaired
Student's t test. Differences between proportions will be
assessed by chi-square analysis; a Fisher's exact test will be
used when appropriate. Event-free survival curves are
computed with the Kaplan-Meier method, and the differences between these curves are tested with a Mantel-Cox
log-rank test. A primary endpoint analysis is planned at 30
days, 6 months, and 1 year of follow-up. Subgroup analyses are planned to determine whether the treatment effect
is more or less pronounced in certain subgroups. The data
will be subgrouped by sex, age, diabetes, anterior infarction, time from onset of symptoms to treatment, and the
use of thrombolytics. All analyses will be performed on an
intention-to-treat basis. Also, the outcome per-protocol
will be evaluated. Such an analysis seems worthwhile, as
it will reflect the true influence of PCI on post-thrombolytic ischemic events.
Current status
Enrollment of patients started April 1, 2001. Recently, an
interim analysis was performed after the inclusion of 200
patients, having a 30 day follow-up. The Clinical Event
Committee recommended continuation of the trial.

Conclusion
The VIAMI-trial is the first multicenter, randomized, controlled clinical trial, investigating the clinical benefits of
percutaneous catheter intervention of the infarct-related
artery in patients with demonstrated viability in the early,
subacute phase of myocardial infarction.
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