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Coronary artery revascularization is an established the-
rapeutic intervention and is therefore included in all treat-
ment guidelines for patients with coronary artery disease.
Although the procedure has been available for more than
40 years, constant technical progress in surgical and per-
cutaneous revascularization continues to bring the bene-
fits of revascularization therapy to new groups of patients.
Therefore the indications and limitations of this approach
need to be reviewed and updated periodically.

The aim of revascularization therapy is to improve the
prognosis or symptoms and quality of life in patients with
ischemic heart disease. The revascularization process
comprises two aspects: 1) indication and selection of the
revascularization procedure, and 2) performance of the
procedure. Involvement of the clinical cardiologist in the
first step is fundamental. Basing their decisions on clini-
cal, functional and anatomical features, these professio-
nals detect and select patients who would benefit, and
also help to select the revascularization technique.

In this Update article on revascularization we review,
for stable ischemic heart disease and non-ST segment
elevation acute coronary syndromes, the following: 1) the
most relevant aspects to consider when evaluating the
need for and the type of revascularization (age, sex, dia-
betes, renal function, electrocardiographic changes, ven-
tricular function, and quantification of functional relevance
of coronary artery disease and viability of the acinetic are-
as); 2) indications for surgical or percutaneous interven-
tion, and the choice of therapeutic strategy according to
the latest clinical evidence and guidelines of scientific so-
cieties; and 3) currently available data on the controversy
regarding choice of the revascularization procedure in pa-
tients with multivessel disease.

Key words: Coronary revascularization. Percutaneous
coronary intervention. Coronary angioplasty. Coronary
artery bypass grafting. Stable angina. Acute coronary
syndrome without ST segment elevation.
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Indicaciones de revascularización: aspectos

clínicos

La revascularización coronaria es una intervención
terapéutica plenamente consolidada y, por tanto, incluida
en todas las estrategias de tratamiento de los pacientes
con enfermedad coronaria. A pesar de sus más de 40
años de desarrollo, los continuos avances técnicos, tanto
de la revascularización quirúrgica como de la percutánea,
hacen que cada vez haya más grupos de pacientes en los
que se ha demostrado su utilidad. Por tanto, es necesario
actualizar periódicamente sus indicaciones y limitaciones.

El objetivo de la revascularización es mejorar el pronós-
tico o la sintomatología y calidad de vida de los pacientes
con cardiopatía isquémica. La revascularización compren-
de 2 aspectos: 1) la indicación y selección del tipo de re-
vascularización y 2) la intervención revascularizadora. En
el primero, la participación del cardiólogo clínico es funda-
mental. Su misión consiste en detectar y seleccionar, so-
bre la base de datos clínicos, funcionales y anatómicos, a
los pacientes que se pueden beneficiar de la revasculari-
zación, así como ayudar en la selección de la técnica.

En este artículo de «Puesta al Día» sobre revasculari-
zación se revisarán, referidos a la cardiopatía isquémica
estable y al síndrome coronario agudo sin elevación del
ST: 1) los aspectos clínicos más relevantes que es nece-
sario considerar en la valoración de la necesidad o el tipo
de revascularización (edad, género, diabetes, función re-
nal, alteraciones electrocardiográficas, función ventricu-
lar, cuantificación de la importancia funcional de la enfer-
medad coronaria o el grado de viabilidad de áreas
acinéticas); 2) las indicaciones, tanto de la cirugía como
de la angioplastia coronaria, y la estrategia terapéutica de
acuerdo con las últimas evidencias y recomendaciones
de las sociedades científicas, y 3) los datos disponibles
en el momento actual sobre la controversia de la selec-
ción del tipo de revascularización en los pacientes con
enfermedad multivaso.

Palabras clave: Revascularización coronaria. Interven-
ción coronaria percutánea. Angioplastia coronaria. Ciru-
gía coronaria. Angina estable. Síndrome coronario agu-
do sin elevación del segmento ST.
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INTRODUCTION

Therapeutic, pharmacological or surgical interven-
tions in any disease should aim to improve prognosis
in terms of mortality, symptoms or quality of life.
Coronary revascularization, whether by bypass
surgery or percutaneous coronary intervention,
should therefore only be used when the evidence
available suggests that patients will benefit in one of
these 3 ways. The patient should therefore not only
undergo a careful anatomical examination but should
also always be submitted to clinical and functional
assessments.

Coronary revascularization as a therapeutic strate-
gy has been widely accepted for many years, though
the procedures have been constantly developed and
expanded. Vineberg and Millar1 made the first at-
tempt to surgically improve perfusion in an ischemic
area in 1951. Their procedure consisted of grafting
the internal mammary artery directly into the myo-
cardium. Coronary surgery in its current form was
first done by Kolesov and Potashov,2 who performed
a coronary artery bypass graft with a mammary
artery in 1964, and Favaloro,3 who carried out the
first saphenous vein aortocoronary bypass in 1967.
Percutaneous coronary intervention (PCI) is a more
recent technique, though it is already more than a
quarter of a century old. Grüntzig et al4 did the first
percutaneous transluminal coronary angioplasty
(PTCA) in 1977. Since then, this revascularization
technique has expanded rapidly and continues to be
developed today. According to the latest figures from
the registries of the Spanish Society of Cardiovascu-

lar Surgery5 and of the Working Group on Cardiac
Catheterization and Interventional Cardiology of the
Spanish Society of Cardiology,6 patients in Spain un-
derwent 8617 coronary bypass operations with or
without extracorporal circulation in 2002 and 40 584
PCI in 2003. As shown in Figure 1, the number of
PCI continues to rise at a rate of around 15% a year,
whereas the number of coronary surgical procedures
has leveled off after a slight drop at the end of the
nineties. Greater availability, better outcomes thanks
to technical advances and a greater experience and
knowledge of the clinical and pathophysiological
mechanisms of coronary artery disease can explain
these trends. As a result, the number of patient
groups shown to benefit from coronary revasculariza-
tion and in whom such an intervention is possible has
increased. We currently have a wealth of information
on the results of different revascularization tech-
niques, both overall and for different subgroups of
patients of special interest because of their character-
istics or complexity. This should improve the selec-
tion of patients indicated for revascularization.

The revascularization process comprises 2 parts:
indication and selection of type of revascularization,
and the intervention itself. Both should be rigorously
implemented to ensure that the patient benefits from
the intervention and it is essential that cardiologists
participate in the first part, that is, the detection and
selection of patients who may benefit from a revas-
cularization process. The final decision should not
be based solely on anatomical findings from coro-
nary angiography but also on an assessment of clini-
cal factors, information on how coronary stenosis af-
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Figure 1. Change in the number of
percutaneous coronary interventions
and coronary bypass operations with
ECC done in Spain according to data
from the Registry of the Working
Group on Cardiac Catheterization and
Interventional Cardiology of the Spa-
nish Society of Cardiology6 and the
Spanish Society of Cardiovascular
Surgery.5 ECC indicates extracorpo-
real circulation.
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fects cardiac function, ventricular function and the
outcomes in the services themselves where the inter-
vention will be done. The clinical assessment is a
decisive step in the final outcome of the revascular-
ization. In this article, we review the indications
with their corresponding clinical considerations and
the choice of type of revascularization in patients
with stable ischemic heart disease and non-ST seg-
ment elevation acute coronary syndrome (NSTE-
ACS).

CLINICAL FACTORS IN THE INDICATION 
OF REVASCULARIZATION: INDICATORS 
AND PROGNOSTIC ALGORITHMS

The indication of a revascularization procedure,
whether bypass surgery or PCI, should take into ac-
count a series of limitations and risks in each patient,
and should only be undertaken when it is anticipated
that life expectancy will be extended or quality of life
improved. The specialist should therefore evaluate the
symptoms of each patient and how these might be af-
fected by revascularization. The search for prognostic
markers and the creation of decision algorithms will
help identify populations at high risk, that is, those
that will benefit most from a revascularization proce-
dure that aims to improve prognosis. The impact of
some clinical factors (diabetes, age, and renal impair-
ment) is so important in the decision making process
that these factors will be considered in separate sec-
tions.

Stable Ischemic Heart Disease

The group of patients with stable ischemic heart
disease is broad and includes those with stable angi-
na who have never been assessed for possible revas-
cularization, asymptomatic patients with known is-
chemic heart disease (after surgery, PCI or ACS),
and patients whose angina cannot be treated by
revascularization (refractory angina). The indication
to undergo revascularization based on symptoms is
according to the perception of its severity of symp-
toms according to both the specialists and the pa-
tients (severity is usually graded according to the
classification of the Canadian Cardiovascular Socie-
ty). Prognostic markers have been identified in pa-
tients with stable angina, and these need to be as-
sessed when deciding whether a revascularization
procedure is indicated. These markers are summa-
rized below.

Heart Failure or Evidence of Left Ventricular
Dysfunction

Prior history of heart failure7,8 or evidence of left
ventricular dysfunction8-10 is a clear marker of poor

prognosis. Studies have shown that less than 35% of
patients with chronic ischemic heart disease are asso-
ciated with a particularly high mortality rate—greater
than 3% per year. The greater probability of complica-
tions does not depend on the frequency and severity of
angina or the number of diseased vessels, although
prognosis is worse when these factors are associated.
Thus, less than 60% of patients with 3 diseased vessels
and a low ejection fraction remain free from infarction
after 2 years.

General Clinical Markers

Clinical characteristics other than diabetes mellitus
or renal impairment (both considered separately) are
strong indicators of the clinical course of patients.
These markers include:

– Advanced age: mortality and rate of nonfatal is-
chemic events increase with age, as shown in widely
cited studies such as the Framingham heart study11 and
other more recent ones.12

– Prior myocardial infarction: this is a marker asso-
ciated with left ventricular dysfunction and also with a
higher mortality or rate of ischemic complications.9,13

– Frequency and severity of angina: this is also a
prognostic marker in all groups, regardless of ventricu-
lar function and extent of the disease. For example, in
patients with more than 3 diseased vessels and normal
left ventricular function, event-free survival after 2
years is around 90% when the patient has infrequent
mild angina, and less than 70% in patients with fre-
quent severe angina.9

– Abnormalities in the resting electrocardiogram
with indications of prior infarction, left bundle branch
block or resting repolarization abnormalities are asso-
ciated with a worse prognosis. Patients with resting
ST-segment depression, electrocardiographic findings
indicative of prior infarction or repolarization abnor-
malities have a higher mortality and a greater proba-
bility of suffering myocardial infarction.13,14

Findings of Tests to Assess Cardiac Function 
in Coronary Artery Disease and the Detection 
of Viable Myocardium in Regions With Abnormal
Wall Motion

In order to assess the need for revascularization in
patients with stable ischemic heart disease, tests to as-
sess the effect of coronary artery disease on cardiac
function are essential in most cases. Often, it is also
necessary to determine myocardial viability in akinetic
areas. The most widely used assessment is convention-
al exercise testing but specialists are increasingly
using the findings from imaging techniques to guide
their decisions. The next section summarizes the use
of such techniques.
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Coronary Anatomy: Angiographic Findings

A wealth of prognostic information can be obtained
from the coronary anatomy determined by coronary
angiography. This technique is indicated in most pa-
tients, and the findings from tests in which ischemia is
induced or the assessment of predictive clinical factors
can indicate whether the prognosis or symptoms of a
patient will benefit from a revascularization procedure.
Knowledge of the coronary anatomy will confirm
whether revascularization is necessary, provide infor-
mation on whether the procedure is technically viable
and, most importantly, help choose the type of revas-
cularization. The number of diseased vessels is an im-
portant predictor of adverse events, particularly in as-
sociation with left ventricular dysfunction. Survival
after 12 years in patients with 3 diseased vessels and
normal ventricular function was almost 50%, but de-
creased to less than 20% when associated with an
ejection fraction below 35%.10 The angiographic fin-
dings associated with a poor outcome are summarized
in Table 1.

Several grading systems for patients with coronary
artery disease have been developed.9,10,15-18 These are
based on clinical characteristics and results from
stress tests. However, the dynamic nature of diffe-
rent diagnostic techniques and the continuous thera-
peutic advances complicate the application of these
indices. The specialist will usually make his final
decision taking into account an assessment of the
severity of the angina, associated risk factors, res-
ponse to pharmacological treatment, age, sex, ven-
tricular function, risk markers in tests of induced is-
chemia, site of the coronary lesions, and their distal
beds. Accessibility and the outcomes of different
types of revascularization in the hospital itself are
also important considerations.

Non-ST Segment Elevation Acute Coronary
Syndrome

The therapeutic strategy for treating NSTE-ACS
has changed considerably in recent years for 3 rea-
sons. First, the course of ACS is better defined and
new biochemical markers have been developed, al-
lowed grading algorithms and systems to be con-
structed that provide information on risk and there-

fore on prognosis. Second, the use of potent an-
tiplatelet agents (thienopyridines and glycoprotein
IIb/IIIa inhibitors) has improved the clinical course
of patients with ACS. Finally, patients with high-risk
NSTE-ACS have been shown to benefit clinically
from an early interventional strategy consisting of
coronary angiography and revascularization.19-22

Thus, identification of this subgroup of patients has
become of utmost importance. Furthermore, patients
with NSTE-ACS must be stratified early because
more than half the complications in such patients oc-
cur in the first days, and there is no definite cutoff
point. Correct assessment and treatment in the early
phases should therefore lead to a decrease in morta-
lity and nonfatal ischemic complications in such pa-
tients.19 Grading systems have thus been developed
so that patients can be classified quickly and those at
high risk identified. The most widely used systems
are the ones developed by the TIMI investigator
group (TIMI score)23 and the stratification scales of
the Spanish24 and European25 Societies of Cardiolo-
gy.

TIMI Risk Score

To determine the TIMI risk score, 7 prognostic va-
riables were selected for the population assigned to
unfractionated heparin in the TIMI 11B trial.23 The
variables selected are listed in Table 2. The score is
calculated by summing the number of variables that
are true for each patient.

As shown in Figure 2, the risk of complications
(overall mortality, myocardial infarction, or recurrent
ischemia requiring revascularization after 2 weeks) is
directly proportional to the score. This grading system
was validated retrospectively for the group assigned to
enoxaparin in the TIMI 11B study and prospectively in
the ESSENCE study. The findings of both studies
were consistent.

TABLE 1. Angiography Findings Associated 

With Poor Medium-Term and Long-Term Clinical

Course

Main coronary artery disease

Disease in 2 vessels, with 1 proximal lesion of the left anterior

descending artery

Disease in 2 vessels associated with left ventricular disfunction

Disease in 3 vessels

TABLE 2. Scoring Systems for Risk Stratification

Developed by the TIMI Group for Acute Coronary

Syndrome (TIMI Risk Score)23

Age greater than 65 years

Three or more additional risk factors:

High blood pressure

Diabetes mellitus

Hyperlipidemia

Smoker

Family history

Coronary stenosis greater than 50% in prior coronary angiography

ST-segment abnormality on admission

Two or more episodes of angina in the last 48 hours

Treatment with aspirin in the last 2 weeks

Elevated serum markers of myocardial damage
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Classification System of the Working Group 
on Ischemic Heart Disease of the Spanish
Society of Cardiology and the Coronary Working
Group of the European Society of Cardiology

The guidelines for clinical practice issued by the
Spanish Society of Cardiology define 3 groups of risk
(high, intermediate, and low), referring to the risk of
death, myocardial infarction, refractory ischemia, or
ventricular arrhythmias in the following 30 days. The
characteristics that define each group are shown in
Table 3. On the other hand, the Guidelines of the Eu-
ropean Society of Cardiology divide patients with
NSTE-ACS into 2 groups: high and low risk. Patients
at high risk are those that meet at least one of the fol-
lowing criteria:

– Recurrent ischemia defined as recurrent angina or
presence of dynamic ST segment changes (in particu-
lar, ST segment depression, or transient elevation).

– Postinfarction angina.
– Elevated troponin.
– Hemodynamic instability during the observation

period.
– Severe ventricular arrhythmias.
– Diabetes mellitus.
– Electrocardiographic pattern that prevents correct

assessment of changes in the ST segment.

Patient stratification must be associated with a ther-
apeutic strategy that will be adjudged to improve qual-
ity of life or prognosis on the basis of available evi-
dence. Thus, identification of high risk patients using
any of these risk evaluation systems will not only indi-
cate an early revascularization strategy but will also

influence the choice of antithrombotic therapy and an-
tiplatelet treatment.

COMPARISON OF THE DIFFERENT
TECHNIQUES FOR DETECTION 
AND QUANTIFICATION OF ISCHEMIA 
AND VIABILITY:THEORY AND PRACTICE

In patients with stable ischemic heart disease or
NSTE-ACS with unknown coronary artery anatomy,
that is, those who have not been subject to an early in-
terventional strategy, a technique should be applied to
quantify the severity of the ischemia to identify those
patients who may benefit from revascularization. Fur-

Figure 2. Risk of events after 14 days in patients with non-ST
segment elevation acute coronary syndrome according to TIMI sco-
re.23 AMI indicates acute myocardial infarction.

Risk of Cardiac Events (%) at 14 Days

Score Death or AMI Death, AMI or
Emergency

Revascularization

0/1
2
3
4
5

6/7

3
3
5
7

12
19

5
8

13
20
26
41

TABLE 3. Characteristics Defining the 3 Groups of Risk According to the Clinical Guidelines of the Spanish

Society of Cardiology

High risk (at least 1 of the following criteria) Episode associated with hemodynamic instability: shock, pulmonary edema, 

hypotension, ischemic mitral regurgitation

Recurrent angina with correct treatment

ST-segment depression ≥1 mm during the episode

Marked or persistent ST abnormalities

Marked troponin elevation (10 times the upper limit of normal)

Postinfarction angina

Severe ventricular arrhythmias

Ejection fraction <35%

Intermediate risk (without criteria for high risk, Angina at rest or prolonged angina with electrocardiogram changes

but with some of the followingmarkers) in the previous 24-48 hours

Angina at rest with ST-segment depression <1 mV

Giant negative T-wave at several leads

History of myocardial infarction or coronary revascularization

Vascular disease in other regions (brain, peripheral)

Diabetes mellitus

Age >70 years

Moderately elevated troponin

Low risk Patients who do not meet any of the previous criteria or circumstances



in the study population and the severity of the coro-
nary artery disease.27 Drug-induced or exercise stress
echocardiography is more sensitive and specific than
exercise testing for detecting impaired overall or re-
gional contractile function when present alongside ab-
normalities in the electrocardiogram, in response to
exercise- or drug-induced ischemia. Sensitivity de-
creases with prior pharmacological treatment and con-
tractile abnormalities at rest. Currently, sensitivity is
taken to be between 74% and 97% and the specificity
to be between 70% and 100%.27,28 Nuclear exercise
testing has a similar predictive capacity to that of
stress echocardiography. For each of these techniques,
criteria associated with poor prognosis have been es-
tablished and their presence demands revascularization
to be considered (Table 4). Finally, dobutamine MRI
offers a sensitivity of 86% to 90% and a specificity of
86% to 95%.28,29

These stress techniques for detection of ischemia
are subject to advantages and drawbacks that deter-
mine their usefulness in a given hospital. The conven-
tional exercise test is the most widely used because it
is also the most widely available. The limitations of
this technique for detecting coronary artery disease in
certain patients (those with resting electrocardiograph-
ic abnormalities, preexcitation syndrome, conduction
disorders, women) have accelerated the development
of other imaging techniques. Stress echocardiography
is sensitive and specific, but is also limited (some pa-
tients have a poor echocardiographic window, the eva-
luation of regional contractility is subjective, the endo-
cardium may not be optimally visualized, or necrotic
or ischemic tissue may be unevenly distributed). Its
negative predictive value is lower than that of other
techniques27 but its wide availability, low cost, the pos-
sibility of bedside tests with immediate results and the
lack of ionizing radiation make it the technique of
choice in most hospitals with experience of such pa-
tients. Nuclear techniques, on the other hand, are less
widely available and require radioactive material, but
they have the advantage over echocardiography that
the findings are less dependent on the observer. Mag-
netic resonance imaging has obvious advantages,
namely: reproducible images of excellent quality can
be taken for all patients that are independent of subjec-
tive judgments of the clinician; the sectioning can be
reproduced at each stage of the protocol; the surfaces
of the chamber and the epicardium can be readily
identified and the structures differentiated from blood;
and the thickness and thickening of the wall can be ac-
curately measured.26 The limited availability of this
technique, related not only to whether the hospital has
MRI facilities, but also to the need to control the ti-
ming and necessity of a close coordination between 2
hospital services (cardiology and radiology) and the
high cost hinder a more widespread use of the tech-
nique in such patients.
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thermore, even in some patients with known coronary
artery anatomy, the viability of akinetic areas may
need to be determined in order to assess the potential
benefit of revascularization. Currently, many tech-
niques are available for quantifying ischemia (estima-
ting the effect on cardiac function of coronary artery
disease) and for detecting and quantifying the exis-
tence of myocardial viability.26

Techniques for Estimating the Effect 
on Cardiac Function of Coronary Artery
Disease

Stress Tests

Specialists have essentially 4 techniques at their dis-
posal for estimating the functional importance of coro-
nary artery disease by stress tests, namely: convention-
al exercise testing, stress echocardiography, nuclear
exercise stress testing, and dobutamine-stress magnetic
resonance imaging (MRI).

Conventional exercise testing is of proven useful-
ness for both diagnosis and prognostic evaluation of
coronary artery disease, measurement of functional ca-
pacity and treatment response. The sensitivity and
specificity of the technique are around 67% and 72%,
respectively, and depend on prevalence of the disease

TABLE 4. Main Criteria for Poor Prognosis in Stress

Tests

Conventional exercise testing

Limited physical capacity (less than 2 Bruce stages)

Symptoms at less than 120 bpm

ST-segment depression of 1 mm before reaching the second 

Bruce stage or at less than 120 bpm

ST-segment depression of 2 mm at any time during the test

Little or no increase in blood pressure during exercise

ST segment depression at more than 5 leads

ST segment depression that takes more than 5-6 minutes 

to resolve

Perfusion scintillography

Extensive perfusion defects that affect the region irrigated by the

left anterior descending artery or in regions irrigated by more

than one artery

Extensive perfusion defects with similar uptake to background

Decrease in ejection fraction on exercise

Increase in pulmonary uptake of thallium

Stress echocardiography

Severe contractile abnormalities (akinesia or dyskinesia)

Extensive contractile abnormalities (more than 4 regions)

Short ischemia time

Ischemia at a distance of one zone from prior infarction

Deterioration of prior abnormalities

Chamber dilatation under stress

Decrease in ejection fraction under stress

Biphasic response



Myocardial Perfusion Studies

Decreased myocardial perfusion (initially subendo-
cardial) is an indicator of ischemia. The most widely
used method in clinical practice for measuring such
decreases is single photon emission computed tomog-
raphy (SPECT), a technique with a sensitivity of 83%
to 95% and a specificity of 53% to 95%, but with low
spacial resolution.30 In contrast, the high spacial reso-
lution afforded by MRI allows subendocardial perfu-
sion deficiencies to be seen in studies of first pass ki-
netics of gadolinium after intravenous administration.
The myocardial areas with abnormal perfusion appear
as dark areas during maximum hyperemia (because
the arrival of contrast is delayed), but not at rest. Ab-
normal perfusion is classed as permanent or reversible.
Recent studies have achieved a sensitivity of 91% and
a specificity of 94% for the detection of coronary
artery disease. According to the number of affected
vessels, some authors obtain a sensitivity of 84% for
single vessel disease, 90% for 2 diseased vessels, and
93% for 3 diseased vessels.26

Techniques for Detection and Quantification
of Viable Myocardium

It is important to be able to identify viable myo-
cardium because revascularization in patients with a
large area of dysfunctional viable myocardium has a
positive impact on morbidity and mortality of patients
with a high incidence of severe coronary events.31,32

Characteristically, viable myocardium conserves both
the thickness of the ventricular wall and other features
such as contractile reserve, membrane integrity, me-
tabolism, mitochondrial integrity and blood perfusion.
Diagnostic techniques that study myocardial viability
are based on the detection of some or several of these
markers of viability. The ideal diagnostic technique
would have sufficient spatial resolution to define the
extent of viable myocardium within a given ventricu-
lar region. Several techniques are available for study-
ing myocardial viability, and these are briefly consi-
dered below.

Techniques That Assess Myocardial Viability 
by Evaluating Contractile Reserve

Stress echocardiography is the most representative
technique for evaluating viability through analysis of
contractile reserve. Biphasic response is characteristic
of viable myocardium and predicts the recovery of
ventricular function after revascularization.33,34 The
technique is subject to the same limitations as when
used to detect ischemia. In addition, significant coro-
nary stenosis may cause ischemia with lower oxygen
uptake at low doses of dobutamine. If this technique is
compared with SPECT or positive emission tomogra-

phy (PET), dobutamine stress echocardiography is
more specific (81% compared to 47% to 73% for the
other techniques) and less sensitive (84% compared to
83% to 90% for the other techniques) for diagnosis of
viability.

Cardiac Magnetic Resonance Imaging

Cardiac MRI with gadolinium contrast is the most
accurate and most simple detection technique to per-
form33 and the one that provides greatest spacial resolu-
tion. Viability is determined by detecting late enhance-
ment. Late enhancement is not detected in ischemic
areas, but abnormalities in myocardial thickening can
show up because of the existence of stunned or hiber-
nating myocardium. The high spacial resolution inhe-
rent in cardiac MRI can reveal the extent of viability
within the ventricular wall, distinguishing between ab-
normal subendocardial and subepicardial tissue and
identifying abnormalities that span the entire wall. Cur-
rently, many studies are available showing that the re-
covery of contractility is directly related to the percen-
tage of transmural viable myocardium. The advantages
of cardiac MRI are related to its high precision, its sim-
plicity (no stress is required), the use of a safe contrast,
and its reproducibility.

Nuclear Techniques

Late-uptake of thallium 201 is measured. The most
preferred technique in nuclear cardiology laboratories
at present is gated-SPECT. Simultaneous evaluation of
the myocardial perfusion and overall and regional con-
tractility is possible by acquisition of isotopic images
of myocardial perfusion synchronized with the electro-
cardiogram and gated-SPECT. The performance of
this technique for evaluating the presence of viability
has been studied by determining the contractile re-
serve during dobutamine perfusion at 10 µg/kg/min,
giving a sensitivity of 96% and a specificity of 78%.

Other Techniques That Assess Myocardial
Viability

Myocardial viability can be assessed by other tech-
niques, but they are less widely used in clinical prac-
tice. These techniques include a combined assessment
of myocardial microperfusion and membrane integrity
(radioisotopes or cardiac MRI); combined assessment
of coronary microperfusion and contractility (perfu-
sion echocardiography), and evaluation of cell metab-
olism. Positron emission tomography is the most rele-
vant technique in this group and has been considered
as the gold standard until the development of cardiac
MRI. Its predictive value for identifying contractility
after revascularization is between 80% and 87%.31 The
biggest disadvantage of PET is its high cost and low
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availability. The other technique that can be used to as-
sess viability by metabolic analysis is cardiac MRI,
but this approach is currently only used in clinical in-
vestigation.

Clinical Features of the Different Techniques
for Detection of Ischemia and Viability 
in the Revascularization Process

In patients with stable ischemic heart disease, or in
those with unstable but stabilized ischemic heart dis-
ease, tests are necessary to detect and quantify is-
chemia to assess the need for revascularization. For
most hospitals, conventional exercise testing is the first
step because it is easy to do and widely available. As
discussed earlier, this test is, however, subject to limi-
tations in some subgroups of patients (those with ab-
normal resting electrocardiogram, those on certain
drugs, women, or those with motor deficit). Therefore,
all cardiology services need to have other stress tests
available able to detect abnormalities in myocardial
perfusion (coronary scintillography) or ventricular
function (stress echocardiography) both at rest and
during dynamic or pharmacological overload. Their
sensitivities and specificities overlap, so the choice of
one or the other will depend on the experience of the
hospital and the availability of the technique. Stress
echocardiography or nuclear studies would be indica-
ted when exercise testing is limited, the clinician needs
to know the site and extent of ischemia or assess the
effect on cardiac function of a coronary lesion, or the
clinical signs and symptoms do not agree with the re-
sult of the exercise testing. Cardiac MRI, which has
been shown to be a precise reproducible technique that
does not depend on subjective impressions of the pa-
tient or on the clinician who interprets the scans, is
restricted in most hospitals to the most complex cases
with inconsistent or inconclusive findings in other
tests. Nevertheless, technical advances may expand the
use of cardiac MRI for assessment of revascularization
in patients with ischemic heart disease in the future.

Two questions need to be considered with regard to
viability studies in akinetic regions, namely, when is
such study necessary and what technique should be
applied. The extent of viable myocardium in a patient
awaiting revascularization can provide information on
the potential improvement in ventricular function after
revascularization and, therefore, on the long-term
prognosis as well as on the improvement in functional
grade. Revascularization is indicated in patients with
extensive coronary artery disease and severe ventricu-
lar dysfunction with evidence of ischemia, as this is
associated with better long-term prognosis. But in the
subgroup with a high surgical risk, the amount of
viable myocardium, and therefore the amount of myo-
cardium that can be recovered, should be carefully
assessed to determine the risk-benefit ratio. In some

patients, incomplete percutaneous coronary revascu-
larization may even be an alternative to a bypass ope-
ration if we can rule out viability in areas that will not
be revascularized. A recent metaanalysis35 assessed the
prognostic benefit associated with revascularization in
patients with viable myocardium and ventricular dys-
function. Mortality was higher among patients with
viable myocardium treated medically than those with-
out viable myocardium treated medically. Further-
more, among patients treated by revascularization,
those with viable myocardium had a lower annual
mortality rate, and an inverse relationship with ejec-
tion fraction was found, that is, the lower the ejection
fraction, the greater the benefit of revascularization.
Another subgroup of patients for whom determination
of viability was of potential interest comprises those
with acute myocardial infarction. Support for revascu-
larization of the infarct-related artery may be obtained
from measurement of viable myocardium in the infarct
area, but there is no evidence with regard to improve-
ment of long-term mortality.

Cardiac MRI is the technique of choice for studying
myocardial viability at present due to its simplicity
and reliability. As discussed earlier, the main limita-
tion is its lack of availability; therefore all cardiology
services should be familiar with echocardiographic or
nuclear techniques (depending on the experience and
resources of each hospital) to evaluate myocardial via-
bility in patients for whom such a study is indicated.

CLINICAL FACTORS IN THE INDICATION 
OF REVASCULARIZATION IN SPECIAL
PATIENT SUBGROUPS

There are 4 subgroups of patients in whom revascu-
larization requires special attention. These subgroups
are elderly patients, diabetic patients, patients with re-
nal impairment, and women.

Revascularization in Women

The outcomes of revascularization differ for men and
women. For percutaneous revascularization, pooled
outcomes are unfavorable for women, who have higher
rates of hospital mortality, even with the advent of
stenting and the use of glycoprotein IIb/IIIa receptors.
The reasons for these differences are not completely
clear but a number of factors are thought responsible,
for example, women undergoing these procedures may
be older and have high blood pressure, left ventricular
hypertrophy, diabetes mellitus, and coronary arteries
with a smaller diameter.36 The situation is similar for
bypass surgery, with higher hospital mortality among
women. This difference is particularly large for female
diabetics who happen to represent a particularly impor-
tant subgroup of women with coronary artery disease.
Most surprising of all is the striking difference in hos-
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pital mortality between young men and women, a dif-
ference that becomes less marked with age. A review of
the findings from medium- and long-term (1 to 5 years)
follow up of patients who have undergone percuta-
neous revascularization and bypass surgery shows that
the initial differences between men and women disap-
pears.37 To summarize, and in view of all the evidence
available, the sex of a patient should not be taken into
account when deciding whether to perform a revascu-
larization procedure.

Revascularization in Elderly Patients

Elderly patients have a number of characteristics
that complicate the diagnosis and management of
coronary artery disease with respect to the general
population. Noninvasive diagnosis is more difficult be-
cause, on one hand, resting electrocardiograms tend to
show more abnormalities and, on the other, the elderly
patient is unable to carry out exercise. Diagnostic
coronary angiography, however, hardly carries more
risk than in younger patients, and so this technique is
widely used among elderly patients.

The prognosis of coronary artery disease deterio-
rates with age. For those with NSTE-ACS, the bio-
medical literature supports an invasive strategy com-
pared to conservative strategy, particularly in patients
at high risk. In clinical trials in which these 2 strate-
gies were compared—TIMI IIIB,38 FRISC-II,20 and
TACTICS21—the benefit of the invasive strategy was
greater in the subgroup of patients over 65 years. In
patients with stable ischemic heart disease, recommen-
dations about indications of revascularization are the
same for patients with stable ischemic heart disease,
regardless of age, though it is obviously necessary to
assess the (increased) risk-benefit ratio, particularly
with respect to quality of life and especially for pa-
tients over 80 years old.

With regard to angioplasty, one of the main risk fac-
tors for complications is age greater than 75 years.
However, with the introduction of stents into clinical
practice, the procedural success rate and short-term
outcomes are similar to those of younger patients.
Therefore, the clinical guidelines do not have a special
category for elderly patients. Nevertheless, the greater
prevalence of concurrent diseases should be remem-
bered when the need for angioplasty is considered in
these patients.39

For coronary bypass surgery, the incidence of com-
plications in elderly patients is higher than in the re-
maining population, partly because elderly patients
generally have more advanced coronary artery disease
and partly because these patients have more concur-
rent diseases. The surgical risk is directly related to
age—the mortality associated with coronary bypass
surgery is calculated to be around 1.65% for patients
aged between 50 years and 60 years, and increases to

8.31% for those aged over 80 years. Nevertheless, a
reasonably high proportion of these patients obtain a
substantial improvement in quality of life after the op-
eration. Advanced age per se should not, in principle,
contraindicate coronary bypass surgery if the clinician
believes the long-term benefits outweigh the risks of
the operation.40

Revascularization in Diabetic Patients

Coronary artery disease is highly prevalent among
diabetic patients. In fact, diabetes mellitus is consi-
dered an equivalent of cardiovascular disease. Howe-
ver, diabetes is associated not only with a high rate of
coronary artery disease but also with a worse progno-
sis.41 The indications of revascularization in diabetic
patients with stable ischemic heart disease are essen-
tially the same as for the general population. Revascu-
larization procedures are more beneficial than medical
treatment despite the higher mortality associated with
revascularization in diabetic patients compared to non-
diabetic patients, as shown in the CASS study.42 An
aggressive invasive strategy has been shown to be be-
neficial compared to conservative management guided
by ischemia in patients with NSTE-ACS.41 A decrease
in mortality and rate of myocardial infarction were ob-
served in the FRISC II20 and TACTICS21 studies with
invasive strategies, and these benefits were maintained
in the group of patients with diabetes. In fact, the ben-
efit for patients assigned to the invasive group of the
TACTICS study was due essentially to the benefit
among diabetic patients, as shown in Figure 3. Of the
2220 patients included, 28% had diabetes, and the in-
cidence of death, reinfarction, or readmission due to
ACS decreased by 28% among such patients who
were assigned to the interventional strategy (compared
to a reduction of 20% in patients not assigned to such
therapy; P<.05). The decrease was not significant in
nondiabetic patients (16.4% vs 14.2%).

Balloon angioplasty in diabetic patients is associa-
ted with worse medium- and long-term outcomes than
in nondiabetic patients because of a higher incidence
of restenosis and a faster progression of the coronary
artery disease in untreated segments.43,44 The initial
and long-term outcomes have improved and the inci-
dence of restenosis has decreased as a result of the in-
creased use of stents, but diabetic patients still fair
worse than nondiabetics.41 Coronary bypass surgery,
like angioplasty is associated with greater mortality in
diabetic compared to nondiabetic patients. Neverthe-
less, the survival benefit is greater than with medical
treatment. If we compare the 2 revascularization tech-
niques, the results of the BARI study45,46 showed that
diabetic patients with more than 1 diseased artery had
a significantly better survival after bypass surgery than
after PCI provided that the bypass was done with at
least 1 mammary artery graft. The findings of this
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lances, particularly in patients who undergo dialysis,
and the sensitivity of the nuclear stress test is low.
Dobutamine stress echocardiography is the most relia-
ble technique for detecting ischemia, with a sensitivity
that ranges between 75% and 95% and a specificity
that ranges between 76% and 86%.49 Often, the clini-
cian must resort to invasive diagnosis by means of
coronary angiography, but the contrast may induce
nephropathy that can lead to a deterioration in renal
function which, although generally reversible, can be
severe enough that some patients may require dialysis
or be forced onto the dialysis program earlier.

Little information is available on PCI in patients
with CRI. Balloon PCI has an angiographic success
rate of 56% to 96%, but a high rate of restenosis
(60%-81%).50 The use of stents has improved the an-
giographic outcomes (>90%) and lowered the rate of
restenosis (31%-36%).51 The new drug-eluting stents
may improve outcomes, but evidence has yet to con-
firm this improvement.52 Coronary bypass surgery
leads to an increase in postoperative disease and mor-
tality (between 7% and 10%) in patients undergoing
dialysis—three times higher than in patients without
CRI—and the mortality at 5 years is estimated to be
48% compared to 15% in patients who conserve their
renal function.53 The BARI (Bypass Angioplasty
Revascularization Investigation) study showed an in-
crease in all-cause mortality, as well as in cardiac mor-
tality, and an increase in readmission to hospital in pa-
tients with CRI who underwent PCI or coronary
bypass surgery.54 Studies have even shown the same
mortality for bypass surgery in patients with mild or
moderate renal impairment compared to those in he-
modialysis programs.

Studies that compare PCI with coronary bypass
surgery in patients on dialysis are retrospective and
nonrandomized. Survival and symptoms are better for
coronary bypass surgery though greater perioperative
mortality is seen. Preliminary reports on a large
prospective study that compared PCI with stenting to
bypass surgery in patients with multivessel disease
suggest similar results in both groups.55 However, the
multivariate analysis of a recent prospective observa-
tional study showed that the outcome for bypass
surgery was better than that for PCI in multivessel
coronary artery disease and in the presence of multiple
risk factors (age, diabetes, respiratory diseases, peri-
pheral artery disease, left main coronary artery dis-
ease, or diffuse coronary artery disease).56

For ACS, the clinical signs and symptoms, diagnosis
and treatment are similar to those of patients without
CRI. Troponin T and troponin I are usually elevated,
and so they loose predictive capacity.57 A nonrandom-
ized study in patients with CRI with creatinine clear-
ance <60 mL/min and ACS showed that at long-term
follow up (60 months) the improvement in survival
was greater with PCI than with coronary bypass
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study are subject to a number of limitations, particu-
larly with regard to the technique, as neither stents nor
glycoprotein IIb/IIIa inhibitors were used, but subse-
quent studies such as the ARTS47 drew similar conclu-
sions.

Therefore, when revascularization is indicated, the
best approach seems to be to opt for angioplasty in di-
abetic patients with single-vessel disease and to con-
sider bypass surgery as the first choice in patients with
more than one diseased vessel. The decision, however,
should be individualized in each case, taking into ac-
count factors such as the size of the vessels and con-
current diseases of the patient before surgery. The use
of drug-eluting stents that inhibit intimal hyperplasia
may substantially reduce restenosis and this may shift
the balance in the decision of what treatment to use in
diabetic patients with multivessel disease in the future.

Revascularization in Patients With Renal
Impairment

Chronic renal insufficiency (CRI), regardless of
severity, worsens the prognosis of coronary artery dis-
ease. Moreover, the incidence of ischemic heart dis-
ease is higher in patients with CRI than in the general
population. Thus, the prevalence of coronary artery
disease in dialysis patients is 40% and cardiovascular
mortality is 9%.48

Clinical assessment is more complex in patients
with CRI because atypical symptoms appear more of-
ten, the electrocardiogram is less specific (ST and 
T-wave abnormalities) because of electrolyte imba-

Figure 3. Incidence of the primary endpoint (mortality, percentage
with nonfatal myocardial infarction, or rehospitalization) at 6 months
in diabetic and nondiabetic patients for invasive treatment versus con-
servative treatment of acute coronary syndrome in the TACTICS-TIMI-
18 study.21
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surgery.58 It is interesting to highlight that this study
shows that aggressive therapy (PCI or coronary bypass
surgery) is better than medical treatment in patients
with ACS.

REVASCULARIZATION IN THE THERAPEUTIC
STRATEGY FOR STABLE ANGINA AND 
NSTE-ACS

Stable Ischemic Heart Disease

Outcomes of Revascularization in Stable
Ischemic Heart Disease

Revascularization in stable angina and NSTE-ACS
aims to improve either symptoms or prognosis. With
regard to the improvement in symptoms, bypass
surgery has been shown to be effective, both in clinical
trials59 and large observational studies.60-62 In the
CASS study, 66%, 63%, and 47% of patients random-
ized to bypass surgery were asymptomatic after 1, 5,
and 10 years, respectively, compared to 30%, 38%,
and 45%, respectively, of patients assigned to medical
treatment.63 Percutaneous coronary interventions have
also been shown to be more effective than medical
treatment for controlling symptoms. Few randomized
studies have been published comparing angioplasty
with medical treatment in patients with 1 or 2 diseas-
ed vessels (ACME,64,65 RITA-2,66 AVERT,67 and
ACIP68,69). In conclusion, these studies demonstrate
that coronary angioplasty is better than medical treat-
ment at controlling symptoms and improving functio-
nal capacity in patients with single-vessel or 2-vessel
disease, without increasing the long-term need for fur-
ther revascularization procedures. The effect of angio-
plasty on mortality is controversial, and so it should be
reserved for highly symptomatic patients or those with
substantial ischemia. However, these studies have an
important limitation when interpreting their findings in
the current setting, namely, the PCI techniques used in
these studies, which correspond to those used before
the advent of new devices and antiplatelet agents, and
bear little resemblance to those used today.

The ability of bypass surgery to improve prognosis
was shown for some patient subgroups (those at great-
est risk and with worst natural course) in 3 studies
—VACS,13 ECSS59, and CASS63—which have become
widely cited. The VACS study showed greater sur-
vival for patients with left main coronary artery dis-
ease or triple vessel disease with left ventricular dys-
function, essentially in the first 7 years after the
intervention. The CASS study showed improvement
in survival in patients with 3 diseased vessels and low
ejection fraction (79% vs 61% after 10 years). The
ECSS was the only one of the 3 studies that showed
improved prognosis in the overall group treated with
bypass surgery. The study also identified new groups

of patients in whom surgery was beneficial, namely:
those with 3 diseased vessels and normal left ventri-
cular function, those with proximal obstruction in the
left anterior descending artery, those with ST-segment
depression by more than 1.5 mm during exercise tes-
ting or with abnormal resting electrocardiogram,
elderly patients or those with peripheral vascular
disease. A metaanalysis of 7 randomized studies
showed the consistency of these findings. It gathered
information from 2649 patients and a significant
reduction was observed in mortality after 5, 7, and 10
years in patients randomized to bypass surgery (surgi-
cal mortality: 10.2%, 15.8%, and 26.4%, respectively;
medical treatment mortality: 15.8%, 21.7%, and
30.4%, respectively), with a relative risk (RR) of 0.61,
0.68, and 0.83. The benefit was proportional to the
number of diseased vessels (3 vessels), the presence
of left main coronary artery disease or left anterior
descending coronary artery disease, deterioration of
ejection fraction and symptoms or signs (on the exer-
cise test) of myocardial ischemia.70 These studies
have received much criticism because of the high de-
gree of group interaction, the limited recruitment of
women, the low use of arterial grafts, the low use of
antiplatelet agents, and because they were done
before aggressive management of cardiovascular risk
factors. Even so, the findings are still considered valid
because of their consistency and are of great use when
indicating revascularization for prognostic purposes.

Revascularization in the Therapeutic Strategy 
for Stable Ischemic Heart Disease

Revascularization plays an important role in the
therapeutic approach to stable angina. Thus, all pa-
tients with stable ischemic heart disease and 1) ad-
vanced functional class or symptoms that prevent them
from leading a fulfilling life, 2) clinical findings sug-
gestive of extensive coronary artery disease or deterio-
ration in ventricular function (diabetes, prior infarc-
tion, history of heart failure), or 3) angina or coronary
ischemia with complementary tests showing decreased
ejection fraction (sometimes even below 50%), should
undergo tests for detection and quantification of is-
chemia or estimation of myocardial viability in akinet-
ic areas as applicable. The findings of these tests will
determine the indication for coronary angiography
with the goal to evaluate the possibility and type of
revascularization.

Revascularization in the Therapeutic Strategy
of NSTE-ACS

The therapeutic strategy of NSTE-ACS is complex
and so algorithms have been developed to assist and
simplify decisions.23-25 Three studies (FRISC II,20

TACTICS-TIMI 18,21 and RITA 322), conducted in re-
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cent years, have significantly changed the therapeutic
strategy in patients with NSTE-ACS.

The first study to be published was the Scandina-
vian study FRISC II,20 which included 2457 patients
with high risk NSTE-ACS. These patients were ran-
domized to a classic conservative strategy or an inva-
sive one in which cardiac catheterization and revascu-
larization were performed between the second and
seventh days. Of those patients assigned to invasive
strategies, 34% underwent bypass surgery (the left
mammary artery was used in 95% of the patients and
mortality was only 2.1%) and 44% underwent percu-
taneous revascularization (66% with stenting and 10%
received abciximab). The results were very favorable
for those assigned to the interventional strategy. After
1 year,71 the incidence of death or reinfarction was
26% lower for those in the invasive treatment group
(10.5% vs 14.2%; RR=0.76; 95% confidence interval
[CI], 0.59-0.92) and mortality decreased by 44%
(2.2% vs 4%; RR=0.6; 95% CI, 0.35-0.80). Moreover,
the patients assigned to the invasive group showed a
better clinical course after 6 months, with less need
for medication to treat angina, better functional class
and lower proportion of rehospitalization and lower
probability of presenting angina.20 This study was
therefore the one that clearly showed that patients
with high-risk NSTE-ACS benefit more from an inter-
ventional strategy than from a conservative strategy.
The second study, TACTICS-TIMI 18,21 confirmed
the results of FRISC II. The study included 2220 pa-
tients with high-risk NSTE-ACS treated with tirofiban
as well as with aspirin and sodium heparin. Catheteri-
zation in patients in the invasive treatment group was
performed between 4 hours and 48 hours after hospi-
tal admission. After 6 months, the incidence of the
composite event of death, reinfarction or rehospital-
ization for ACS (the primary study endpoint) was
22% lower in the group who underwent the interven-
tion (15.9% vs 19.4%; odds ratio [OR]=0.78; 95% CI,
0.62-0.97). The last of the 3 studies that have changed
the therapeutic approach to NSTE-ACS is the RITA 3
study,22 which enrolled 1810 patients with unstable
angina and evidence of coronary heart disease. Pa-
tients were excluded if they had developed either a Q-
wave myocardial infarction or creatine kinase MB
levels twice the upper normal value. The incidence of
death, myocardial infarction or refractory angina after
4 months (one of the 2 primary endpoints of the
study) was significantly lower in the invention group
(9.6% vs 14.5%; RR=0.66; 95% CI, 0.32-0.85). This
difference was maintained after 12 months. Taken to-
gether, these 3 studies show that in patients with high-
risk NSTE-ACS an invasive strategy with the current
techniques is preferable to a conservative approach in
terms of clinical outcome.

Revascularization therefore plays a key role in the
management of NSTE-ACS. Analysis of the sub-

groups of the FRISC II20 and TACTICS21 studies has
shown that the benefit is not the same for all patients.
Some subgroups (patients at low risk) do not show any
difference between conservative treatment and inter-
ventional treatment, highlighting the importance of an
appropriate stratification to in order to apply interven-
tional management in patients in whom real clinical
benefit will be obtained (high or moderate risk). Thus,
all patients with NSTE-ACS should be stratified23-25

and those at high risk (TIMI score ≥4,23 high risk ac-
cording to the Spanish Society of Cardiology or mod-
erate with 2 or more factors24 [Table 3], or high risk
according to the European Society of Cardiology25)
should undergo early coronary angiography and revas-
cularization if the findings of the angiogram so indi-
cate. The algorithm proposed by the Spanish Society
of Cardiology is shown in Figure 4.

One aspect still to be resolved is the timing of the
invasive evaluation in patients with NSTE-ACS for
whom an invasive strategy is appropriate. In this re-
gard, catheterization was done within 7 days in the
FRISC20 study (median, 4 days), whereas in the TACI-
CS-TIMI 1821 study, it was done between 4 hours and
48 hours (median 22 hours) and within 72 hours in the
RITA 3 study,22 with a median of 2 days. Timing was
analyzed specifically in 2 recent studies—the ELISA72

and the ISAR-COOL73—with contradictory results.
The ELISA study randomized 220 patients with
NSTE-ACS to early catheterization (<12 h) or late
catheterization (24-48 h). Contradictory to the study
hypothesis, the enzymatic infarct size was greater in
the group assigned to early coronary angiography and
intervention. This surprising observation was attri-
buted to the patients who were assigned to early
catheterization not receiving glycoprotein IIb/IIIa in-
hibitors. In the ISAR-COOL study,73 all patients were
treated with tirofiban and the median time was 2.4
hours for the early group and 86 hours for the late
group. The incidence of death or infarction after 30
days (primary study endpoint) was 11.6% in patients
assigned to the group with delayed catheterization and
5.9% in the group assigned to early treatment. This
difference occurred at the expense of events that oc-
curred before catheterization. Therefore, it seems rea-
sonable to carry out catheterization as soon as possible
in patients at high risk, though this should not affect
the initiation of optimal antithrombotic treatment.

Indications for Revascularization

The scientific societies have drawn up indications,
both for coronary bypass surgery and PCI, based on
the reviewed evidence of efficacy and effectiveness of
revascularization, both for stable angina and for
NSTE-ACS.39,40,74,75 The most up-to-date indications at
present are those developed jointly by the American
College of Cardiology and the American Heart Asso-
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ciation (ACC/AHA) for surgery or PCI. These are
summarized in Tables 5 to 9.

BYPASS SURGERY VERSUS
PERCUTANEOUS CORONARY
INTERVENTION: CLINICAL CONSIDERATIONS
WHEN MAKING DECISIONS

As many as 9 randomized trials have been pu-
blished, all in the second half of the nineties, compar-
ing angioplasty and bypass surgery in patients with
multivessel disease and proximal disease of the left
anterior descending artery disease. Analysis of these
trials showed no significant differences in mortality or
the composite endpoint of death or myocardial infarc-
tion in the long term.76,77 However, there were diffe-
rences in the need for new revascularization proce-
dures in the first year (33.7% vs 3.3%) and patients

who underwent bypass surgery had a lower incidence
of angina in the first year of follow up. The biggest
and most important study with the longest follow up
and best design in this period was the BARI study,45 in
which 1829 patients were randomized to PTCA or by-
pass surgery. After 5.4 years, no differences were
found in the primary endpoint (overall mortality) al-
though the incidence of need for further revasculariza-
tion was 5 times greater in the PTCA group (54% vs
8%). In 2000, an extension to the BARI study was
published78 with 7.8 years of follow up and a slight ad-
vantage in favor of bypass surgery for survival (94.4%
vs 80.9%; P=.043) due to diabetic patients (survival of
76.4% vs 55.7%; P=.0011). All these studies have im-
portant limitations, such as they had to exclude a large
proportion of patients (left main coronary artery disea-
se, diffuse lesions, complete occlusion, ventricular
dysfunction or inability to achieve complete revascu-

Figure 4. Algorithm proposed by
the Spanish Society of Cardiology
for management of non-ST eleva-
tion acute coronary syndrome ac-
cording to risk stratification.24

ASA indicates acetylsalicylic acid;
CABG, coronary artery bypass
graft; GP, glycoprotein; PCI, percu-
taneous coronary intervention.
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larization) but, above all, the revascularization proce-
dures, whether percutaneous or bypass, bare little re-
semblance to those currently performed (stents and
new antiplatelet agents were not used and arterial con-
ducts were little used in surgery). So although these
studies represent an important step forward, revascu-
larization in patients with multivessel disease should
currently be evaluated from a modern perspective with
an eye on its immediate future.

The first thing to have clear is that the choice of PCI
or bypass surgery does not apply to all patients with
multivessel coronary disease, but rather to a subgroup
in whom it is possible to do a functionally acceptable
revascularization, whether by bypass surgery or by an-
gioplasty. There is a broad group of patients in whom
percutaneous revascularization is not possible despite
the obvious advances in PCI. The current outcome
data of the 2 techniques in patients with multivessel
disease come from 6 clinical trials published over the
last 6 years that compare current bypass surgery with
PCI that more closely resembles current technique
(stenting and new antiplatelet agents) (Table 10). The
ARTS study79—without doubt the most important—
included 1205 patients and showed no differences in
the composite incidence of death, infarction and stroke
between the 2 approaches and after 1 year, although

TABLE 6. Class IIa Indications for Bypass Surgery 

in Stable Angina and NSTE-ACS: Recommendations

of the ACC/AHA*,40

1. Asymptomatic patients or those with mild angina with proximal
LAD disease and disease of 1 or 2 vessels. With abnormal 
systolic function or extensive ischemia in a noninvasive test, 
it is considered a class I indication (level of evidence A)

2. Stable angina and proximal LAD disease and disease of 1 or 2
vessels. With abnormal systolic function or extensive ischemia 
in a noninvasive test, it is considered a class I indication (level 
of evidence A)

3. Stable angina, significant disease in 1-2 vessels without 
significant proximal LAD disease but with a moderate area 
of viable myocardium and ischemia documented in noninvasive
tests (level of evidence B)

4. Unstable angina or non-Q-wave AMI with proximal LAD disease
and disease of 1 or 2 vessels (level of evidence A)

*ACC indicates American College of Cardiology; AHA, American Heart Asso-
ciation; LAD, anterior descending; AMI, acute myocardial infarction; NSTE-
ACS, non-ST-segment elevation acute coronary syndrome. 

TABLE 7. Class IIb and III Indications for Bypass

Surgery in Stable Angina and NSTE-ACS:

Recommendations of the ACC/AHA 2004*,40

Class IIb 

1. Asymptomatic patients or those with mild angina with disease of

1 or 2 vessels not including proximal lesions of the LAD artery.

In presence of a broad area of viable myocardium and criteria of

high risk in a noninvasive test, it is considered a class IIa

indication (level of evidence B)

2. Unstable angina or non-Q-wave AMI with disease of 1 or 2

vessels not including the proximal disease of the LAD artery

when the percutaneous revascularization is not going to be

optimal or possible. In presence of a broad area of viable

myocardium and criteria of high risk in a noninvasive test, it is

considered class I indication (level of evidence B)

Class III 

1. Stable angina with disease of 2 vessels not including proximal

disease the LAD artery, with mild symptoms that are unlikely to

be due to myocardial ischemia or patients who have not received

appropriate medical treatment and: a) have only a small area of

viable myocardium (level of evidence B), and b) have no signs of

ischemia in a noninvasive test (level of evidence B)

2. Stable angina and confined coronary stenosis (between 50% and

60% in different sites of the left main coronary artery) and

without ischemia documented in noninvasive tests (level of

evidence B)

3. Stable angina with insignificant coronary stenosis (less than

50%; level of evidence B)

*ACC indicates American College of Cardiology; AHA, American Heart Asso-
ciation; LAD, left anterior descending; AMI, acute myocardial infarction;
NSTE-ACS, non-ST-segment elevation acute coronary syndrome.

TABLE 5. Class I Indications for Bypass Surgery 

in Stable Angina and NSTE-ACS: Recommendations

of the ACC/AHA*,40

1. Asymptomatic patients or those with mild angina with significant
left main coronary artery disease (stenosis ≥50%) or with left
main artery disease equivalent (proximal stenosis ≥70% in LAD
artery and Cx artery) (level of evidence A)

2. Asymptomatic patients or those with mild angina and significant
disease in 3 vessels. The benefit in survival is greater with
abnormal systolic function (EF<0.50) and/or large areas of
evident myocardial ischemia (level of evidence C)

3. Stable angina with significant left main coronary artery disease
(stenosis ≥50%; level of evidence A) or with left main artery
disease equivalent (proximal stenosis ≥70% in LAD and Cx
artery, level of evidence A)

4. Stable angina with significant disease in 3 vessels. The benefit in
survival is greater with abnormal systolic function (EF<0.50; level
of evidence A)

5. Stable angina, significant disease in 2 vessels, including
significant disease of the proximal LAD artery and/or abnormal
systolic function (EF<0.50) or ischemia seen in noninvasive tests
(level of evidence A)

6. Stable angina, significant disease in 2 vessels, without significant
proximal disease of the LAD artery but with a large area of viable
myocardium and criteria for high risk in noninvasive tests (level
of evidence B)

7. Incapacitating stable angina despite medical treatment when
surgery can be undertaken with an acceptable risk. If the angina
is atypical, objective evidence of ischemia should be shown
(level of evidence B)

8. Unstable angina or AMI without Q-wave with significant left main
coronary artery disease (stenosis ≥50%; level of evidence A) or
with left main artery disease equivalent (proximal stenosis ≥70%
in LAD artery and Cx artery; level of evidence A)

9. Patients with unstable angina or AMI in whom percutaneous
revascularization is not optimal or not possible, with progressive
ischemia that does not respond to optimum nonsurgical
treatment

*ACC indicates American College of Cardiology; AHA, American Heart Asso-
ciation; Cx, circumflex; LAD, left anterior descending; EF, ejection fraction;
AMI, acute myocardial infarction; NSTE-ACS, non-ST-segment elevation acute
coronary syndrome. 
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patients in the stent group had a greater need for an
additional revascularization procedure (16.8% vs
3.5%), a difference that was even more marked among
diabetic patients (22.3% vs 3.5%). Analysis of cost per
patient favored stenting, with a net saving of $2973
per patient. In the last congress of the AHA in Novem-
ber 2004, the results after 5 years of follow up were
presented.80 The incidence of death was similar be-
tween patients assigned to PCI and bypass surgery
(8% vs 7.6%; P=.83; RR=1.05; 95% CI, 0.71-1.55),

although a nonsignificant but clinically relevant trend
was seen in the subgroup of diabetic patients towards
higher mortality among patients treated with PCI
(13.4% vs 8.3%; P=.27; RR=1.61; 95% CI, 0.71-
3.63). In line with the results for 1 year, no differences
were seen in mortality, rate of infarction or stroke
(18% vs 15%; P=.14; RR=1.22; 95% CI, 0.95-1.58).
The need for further revascularization procedures did,
however, show group differences, being done 3 times
more often in the group assigned to percutaneous
revascularization (30% vs 9%; P<.001; RR=3.46; 95%
CI, 2.61-4.60).

The second most important study was the Stent or
Surgery (SoS) Trial,81 which enrolled 988 patients and
followed them for a mean of 2 years. The number of
revascularizations required was similar to the previous
study (21% in the stent group vs 6% in the bypass
surgery group). Mortality was higher in the group as-
signed to PCI, but this finding was confounded by an
abnormally low mortality in the bypass surgery group
and very high noncardiovascular mortality in the
group assigned to stenting. The findings of the other
current studies that compare surgery with PCI were
consistent with these results, but the number of pa-
tients in these studies was smaller. The AWESOME
study82 included 454 patients with a particularly high

TABLE 8. Class I and II Indications for PCI in Stable

Angina and NSTE-ACS: Recommendations 

of the ACC/AHA 2001*,39

Class I indications 

1. Nondiabetic patients with asymptomatic ischemia or with CCS

grade I angina with 1 or more significant lesions in 1 or 2

coronary arteries in which PCI is viable with a high probability of

success and low risk of complications or mortality. The vessels

to be treated should irrigate a substantial area of viable

myocardium (level of evidence B)

2. CCS grade II to IV angina, unstable angina or non-Q-wave AMI

with significant lesions in 1 or more coronary arteries in which

PCI is viable with a high probability of success and low risk of

complications or mortality. The vessels to be treated should

irrigate a moderate or substantial area of viable myocardium

(level of evidence B)

Class IIa indications

1. Patients with asymptomatic ischemia or with CCS grade I angina,

with 1 or more significant lesions in 1 or 2 coronary arteries in

which PCI is viable with a high probability of success and low

risk of complications or mortality. The vessels to be treated

should irrigate a moderate area of viable myocardium (level of

evidence B) or the patient should be diabetic

2. CCS grade II to IV angina, unstable angina or non-Q-wave AMI

with focal lesions in saphenous grafts or multiple stenoses who

are poor candidates for coronary bypass surgery (level of

evidence C)

Class IIb indications

1. Asymptomatic ischemia or CCS grade I angina, with stenosis in

3 or more coronary arteries in which PCI is viable with a high

probability of success and low risk of complications or mortality.

The vessels to be treated should irrigate at least a moderate area

of viable myocardium. The clinician responsible for decision

making should weigh up the evidence for ischemic myocardium

with an exercise test, nuclear induced-ischemia test, stress

echocardiography, outpatient electrocardiographic monitoring or

intracoronary physiological measures (level of evidence B)

2. CCS grade II to IV angina, unstable angina or non-Q-wave AMI

with 1 or more lesions with limited chance of success or that

irrigate an area of viable myocardium that is not of less than

moderate extent

3. Patients with CCS grade II to IV angina, unstable angina or 

non-Q-wave AMI with disease of 2 or 3 vessels, significant

proximal disease of LAD artery and diabetes or abnormal 

systolic function (level of evidence B)

*CCS indicates Canadian Cardiovascular Society; LAD, left anterior descen-
ding; AMI, acute myocardial infarction; PCI, percutaneous coronary interven-
tion; NSTE-ACS, non-ST-segment elevation acute coronary syndrome.

TABLE 9. Contraindications for PCI (Class III

Indications) in Stable Angina and NSTE-ACS:

Recommendations of the ACC/AHA 2001*,39

1. Asymptomatic ischemia or CCS grade I angina that does not

meet the criteria for class I or II indication and that present:

a. Low-risk myocardial territory

b. No evidence of ischemia

c. Lesions with limited possibility of successful revascularization

d. Mild symptoms that are unlikely to be secondary to myocardial

ischemia

e. Factors associated with increased risk of complications or

mortality

f. Disease of the left main coronary artery

g. Nonsignificant coronary disease, less than 50%

2. CCS grade II angina, unstable angina or non-Q-wave AMI without

evidence of myocardial damage or ischemia in objective tests of

detection and in those in which medical treatment has not been

attempted, or with:

a. A myocardial territory at low risk

b. Lesions or lesion causing dilatation with a shape that suggests

there is little chance of successful revascularization

c. A high risk of disease or death secondary to the procedure

(level of evidence C)

3. CCS grade II to IV angina, unstable angina or non-Q-wave AMI

with insignificant coronary stenosis (<50%; level of evidence C)

4. CCS grade II to IV angina, unstable angina or non-Q-wave AMI

and significant disease of the left main coronary artery,

candidates for bypass surgery (level of evidence B)

*CCS indicates Canadian Cardiovascular Society; AMI, acute myocardial in-
farction; PCI, percutaneous coronary intervention; NSTE-ACS, non-ST-seg-
ment elevation acute coronary syndrome.
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risk profile. Survival at 3 years was similar—79% in
the bypass surgery group and 80% in the stent group.

The 2 approaches have also been compared in pa-
tients with isolated proximal disease of the left ante-
rior artery in the SIMA study,83 with a population size
of 121 patients randomized to bypass surgery with the
internal mammary artery or revascularization with
stenting. After 2.4 years, there were no differences in
mortality, functional class, drug use or changes in
quality of life, although the rate of new revasculariza-
tions was different, being more common in the stent
group (31% vs 7%).

In summary, technical advances and greater expe-
rience have helped reduce but not eliminate the main
difference between the 2 techniques, namely, the need
for further revascularization procedures. The available
follow up information suggests no advantage with
respect to mortality, infarction or stroke, except in dia-
betic patients who continue to show greater long-term
mortality with PCI. Therefore, the decision on the type
of revascularization in patients with multivessel coro-
nary artery disease should be taken on individual me-
rits and with the participation of the patient. Obvious-
ly, concurrent diseases, which imply a higher surgical
risk, favor percutaneous revascularization, as well as
interventions in patients with ACS where fast revascu-
larization of the infarct-related artery is a priority. In
contrast, bypass surgery seems the first choice ap-
proach in patients little suited to the new PCI and who
have a low surgical risk and, above all, in stable dia-
betic patients.

The immediate future may change this line of think-
ing substantially. The development and widespread
use of drug-eluting stents that inhibit intimal hyperpla-
sia have helped reduce the rates of restenosis, the main
cause of repeat revascularization. Future clinical trials
will answer whether this will lead to equilibrium be-
tween the two revascularization techniques. Initial
findings are promising. Preliminary results from the
ARTS II study were presented in the Transcatheter
Cardiovascular Therapeutics (TCT) 2004 meeting (by
Dr de Bruyne on September 30, 2004). This study

compared 607 patients of similar characteristics to
those included in the ARTS study with patients in the
2 groups of this preceding study (coronary bypass
surgery or PCI with conventional stents). The patients
who underwent PCI received sirolimus-eluting stents.
After 6 months, not only mortality but also incidence
of myocardial infarction or stroke were similar in the 3
groups, and the rate of further revascularization proce-
dures for multivessel angioplasty with sirolimus-elu-
ting stents was similar to that of bypass surgery and
less than that of PCI with conventional stents. Event-
free survival from major cardiac events was 94% in
patients undergoing PCI with drug-eluting stents and
91% in those who underwent bypass surgery, whereas
those assigned to PCI with conventional stents had an
event-free survival of 80%.
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