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PREAMBLE

It is important that the medical profession play a significant
role in critically evaluating the use of diagnostic procedures
and therapies as they are introduced and tested in the detec-
tion, management, or prevention of disease states. Rigorous
and expert analysis of the available data documenting rela-
tive benefits and risks of those procedures and therapies can
produce helpful guidelines that improve the effectiveness of
care, optimize patient outcomes, and favorably affect the
overall cost of care by focusing resources on the most effec-
tive strategies.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) have jointly engaged in
the production of such guidelines in the area of cardiovascu-
lar disease since 1980. This effort is directed by the
ACC/AHA Task Force on Practice Guidelines, whose charge
is to develop and revise practice guidelines for important car-
diovascular diseases and procedures. The Task Force is
pleased to have this guideline cosponsored by the Society for
Cardiovascular Angiography and Interventions (SCAI).
Experts in the subject under consideration have been select-
ed from all three organizations to examine subject-specific
data and write guidelines. The process includes additional
representatives from other medical practitioner and specialty
groups where appropriate. Writing groups are specifically
charged to perform a formal literature review, weigh the
strength of evidence for or against a particular treatment or
procedure, and include estimates of expected health out-
comes where data exist. Patient-specific modifiers, comor-
bidities, and issues of patient preference that might influence
the choice of particular tests or therapies are considered, as
well as frequency of follow-up and cost-effectiveness. When
available, information from studies on cost will be consid-
ered; however, review of data on efficacy and clinical out-
comes will be the primary basis for preparing recommenda-
tions in these guidelines.

The ACC/AHA Task Force on Practice Guidelines makes
every effort to avoid any actual, potential, or perceived con-
flicts of interest that might arise as a result of an outside rela-
tionship or personal interest of a member of the writing
panel. Specifically, all members of the writing panel are
asked to provide disclosure statements of all such relation-
ships that might be perceived as real or potential conflicts of
interest. These statements are reviewed by the parent task
force, reported orally to all members of the writing panel at
each meeting, and updated and reviewed by the writing com-
mittee as changes occur.

The practice guidelines produced are intended to assist
healthcare providers in clinical decision making by describ-
ing a range of generally acceptable approaches for the diag-
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nosis, management, or prevention of specific diseases or
conditions. These guidelines attempt to define practices that
meet the needs of most patients in most circumstances. These
guideline recommendations reflect a consensus of expert
opinion after a thorough review of the available, current sci-
entific evidence and are intended to improve patient care. If
these guidelines are used as the basis for regulatory/payer
decisions, the ultimate goal is quality of care and serving the
patient’s best interests. The ultimate judgment regarding care
of a particular patient must be made by the healthcare
provider and patient in light of all of the circumstances pre-
sented by that patient.

These guidelines were approved for publication by the gov-
erning bodies of the ACCF, AHA, and SCAI. The guidelines
will be reviewed annually by the ACC/AHA Task Force on
Practice Guidelines and will be considered current unless
they are revised or withdrawn from distribution. The sum-
mary article and recommendations are published in the
January 3, 2006 issue of the Journal of the American College
of Cardiology, the January 3, 2006 issue of Circulation, and
the January 2006 issue of Catheterization and Cardio-
vascular Interventions. The full-text guideline is posted on
the World Wide Web sites of the ACC (www.acc.org), the
AHA  (www.americanheart.org), and the SCAI
(www.scai.org). Copies of the full text and the executive
summary are available from the ACC, AHA, and the SCAI

Elliott M. Antman, MD, FACC, FAHA
Chair, ACC/AHA Task Force on Practice Guidelines

1. INTRODUCTION

The ACC/AHA Task Force on Practice Guidelines was
formed to gather information and make recommendations
about appropriate use of technology for the diagnosis and
treatment of patients with cardiovascular disease.
Percutaneous coronary interventions (PClIs) are an important
group of technologies in this regard. Although initially limit-
ed to balloon angioplasty and termed percutaneous translu-
minal coronary angioplasty (PTCA), PCI now includes other
new techniques capable of relieving coronary narrowing.
Accordingly, in this document, implantation of intracoronary
stents and other catheter-based interventions for treating
coronary atherosclerosis are considered components of PCI.
In this context, PTCA will be used to refer to those studies
using only balloon angioplasty, whereas PCI will refer to the
broader group of percutaneous techniques. These new tech-
nologies have impacted the effectiveness and safety profile
initially established for balloon angioplasty. Moreover, addi-
tional experience has been gained in the use of adjunctive
pharmacological treatment with glycoprotein (GP) IIb/Illa
receptor antagonists and the use of bivalirudin, thienopy-
ridines, and drug-eluting stents (DES). In addition, since
publication of the guidelines in 2001, greater experience in
the performance of PCI in patients with acute coronary syn-
dromes and in community hospital settings has been gained.
In view of these developments, an update of these guidelines
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is warranted. This document reflects the opinion of the
ACC/AHA/SCALI writing committee charged with updating
the 2001 guidelines for PCI (1).

Several issues relevant to the Writing Committee’s process
and the interpretation of the guidelines have been noted pre-
viously and are worthy of restatement. First, PCI is a tech-
nique that has been continually refined and modified; hence,
continued, periodic guideline revision is anticipated. Second,
these guidelines are to be viewed as broad recommendations
to aid in the appropriate application of PCI. Under unique
circumstances, exceptions may exist. These guidelines are
intended to complement, not replace, sound medical judg-
ment and knowledge. They are intended for operators who
possess the cognitive and technical skills for performing PCI
and assume that facilities and resources required to properly
perform PCI are available. As in the past, the indications are
categorized as class I, II, or III on the basis of a multifactor-
ial assessment of risk and expected efficacy viewed in the
context of current knowledge and the relative strength of this
knowledge.

These classes summarize the recommendations for proce-
dures or treatments as follows:

Class I: Conditions for which there is evidence for
and/or general agreement that a given proce-
dure or treatment is beneficial, useful, and
effective.

Class II: Conditions for which there is conflicting evi-
dence and/or a divergence of opinion about
the usefulness/efficacy of a procedure or
treatment.

Class IIa: Weight of evidence/opinion is in
favor of usefulness/efficacy.

Class IIb: Usefulness/efficacy is less well
established by evidence/opinion.

Class III: Conditions for which there is evidence and/or
general agreement that a procedure/treat-
ment is not useful/effective and in some cases
may be harmful.

In addition, the weight of evidence in support of the rec-
ommendation is listed as follows:

e [ evel of Evidence A: Data derived from multiple random-
ized clinical trials or meta-analyses.

e Level of Evidence B: Data derived from a single random-
ized trial or nonrandomized studies.

e Level of Evidence C: Only consensus opinion of experts,
case studies, or standard-of-care.

A recommendation with level of evidence B or C does not
imply that the recommendation is weak. Many important
clinical questions addressed in the guidelines do not lend
themselves to clinical trials. Even though randomized trials
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are not available, there may be a very clear clinical consen-
sus that a particular test or therapy is useful and effective.

In instances where recommendations of class III, level of
evidence C, occur, it is recognized that the bases of these rec-
ommendations are opinion and the consensus of the writing
group. In this setting, it is not unreasonable for clinical trials
to be conducted to further investigate the validity of this con-
sensus opinion. The schema for classification of recommen-
dations and level of evidence is summarized in Table 1,
which also illustrates how the grading system provides an
estimate of the size of the treatment effect and an estimate of
the certainty of the treatment effect.

The committee conducted comprehensive searching of the
scientific and medical literature on PCI, with special empha-
sis on randomized controlled trials and meta-analyses pub-
lished since 2001. In addition to broad-based searching on
PCI, specific targeted searches were performed on the fol-
lowing subtopics: catheter-based intervention, stents (drug-
eluting and bare-metal), cardiac biomarkers (e.g., creatine
kinase and troponins), pharmacological therapy (aspirin,
thienopyridines, GP IIb/Illa inhibitors, heparin, and direct
thrombin inhibitors), special populations (women, patients
with diabetes, elderly), coronary artery bypass grafting
(CABG), high-risk PCI, quality, outcomes, volume, left main
PCI (protected and unprotected), distal embolic protection,
intravascular ultrasound (IVUS), fractional flow reserve
(FFR), vascular closure, and secondary prevention/risk fac-
tor modification. The complete list of keywords is beyond
the scope of this section. The committee reviewed all com-
piled reports from computerized searches and conducted
additional searching by hand. Literature citations were gen-
erally restricted to published manuscripts appearing in jour-
nals listed in Index Medicus. Because of the scope and
importance of certain ongoing clinical trials and other emerg-
ing information, published abstracts were cited when they
were the only published information available. Additionally,
the Committee reviewed and incorporated recommendations
and/or text from published ACC/AHA or SCAI documents to
maintain consistency, as appropriate.

Initially, this document describes the background informa-
tion that forms the foundation for specific recommendations.
Topics fundamental to coronary intervention are reviewed,
followed by separate discussions relating to unique technical
and operational issues. This format is designed to enhance
the usefulness of this document for the assessment and care
of patients with coronary artery disease (CAD). Formal rec-
ommendations for the use of PCI according to clinical pres-
entation are included in Section 5. A clear distinction is
drawn between the emergency use of PCI for patients with
ST-segment elevation myocardial infarction (STEMI),
termed “primary PCI,” and all other procedures, which are
included under the term “elective PCI” (see Section 4.2 for
further discussion).

This committee includes cardiologists with and without
involvement in interventional procedures, and a cardiac sur-
geon. This document was reviewed by 2 official reviewers
nominated by ACC; 2 official reviewers nominated by AHA;
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2 official reviewers nominated by SCAI; 1 official reviewer
from the ACC/AHA Task Force on Practice Guidelines; and
8 content reviewers, including members from the AHA
Committee on Diagnostic and Interventional Cardiac
Catheterization and the ACCF Cardiac Catheterization and
Intervention Committee.

2. GENERAL CONSIDERATIONS AND
BACKGROUND

Coronary angioplasty was first introduced by Andreas
Gruentzig in 1977 (2) as a nonsurgical method for coronary
arterial revascularization. Fundamentally, the technique
involved advancing a balloon-tipped catheter to an area of
coronary narrowing, inflating the balloon, and then removing
the catheter after deflation. Early reports demonstrated that
balloon angioplasty could reduce the severity of coronary
stenosis and diminish or eliminate objective and subjective
manifestations of ischemia (3-5). Although angioplasty was
clearly feasible and effective, the scope of coronary disease
to be treated was quite narrow. Also, because angioplasty
could result in sudden arterial occlusion and subsequent
myocardial infarction (MI), immediate access to coronary
bypass surgery was essential (6). With experience and time,
however, the cognitive and technical aspects as much as the
equipment used to perform angioplasty became more
refined. Observational reports of large numbers of patients
confirmed that coronary angioplasty could be applied to
broad groups of coronary patients with higher rates of suc-
cess and lower rates of complications than seen in initial
experiences (7,8). More than 1000 000 PCI procedures are
performed yearly in the United States (9), and it has been
estimated that nearly 2 000 000 procedures are performed
annually worldwide.
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The value of coronary angioplasty was further defined by
comparing its results to those of alternative methods of treat-
ment. Randomized clinical trials have assessed the outcomes
of patients treated by a strategy of initial angioplasty to one
of medical therapy alone or to coronary artery bypass surgery
(10-14). The results of these trials have clarified the utility of
angioplasty in terms of effectiveness, complications, and
patient selection. The technique of coronary angioplasty has
also been expanded by the development of devices that
replace or serve as adjuncts to the balloon catheter. These
“new devices” have been evaluated and have had a variable
impact in enhancing the immediate- and long-term efficacy
and safety of coronary angioplasty. The following section of
this report expands on this background and describes the
practice of PCI as it is applied today.

Advances in coronary-based interventions, especially the
use of bare-metal stents (BMS) and drug-eluting stents
(DES), have improved the efficacy and safety profile of per-
cutaneous revascularization observed for patients undergo-
ing PTCA. For example, stents reduce both the acute risk of
major complications and late-term restenosis. The success of
new coronary devices in meeting these goals is reflected in
part by the rapid transition from the use of PTCA alone (less
than 30%) to the high use of PCI with stenting, which was
greater than 70% by the late 1990s (Figure 1) (15).
Atherectomy devices and stenting, associated with improved
acute angiographic and clinical outcomes compared with
PTCA alone in specific subsets, continue to be applied to a
wider patient domain that includes multivessel disease and
complex coronary anatomy. However, strong evidence (level
A data from multiple randomized clinical trials) is primarily
available for stenting over PTCA in selected patients under-
going single-vessel PCI.

70
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Figure 1. Frequency of device use in the SCAI registry. Source data from Laskey et al. Catheter Cardiovasc Interv 2000;49:19-22

(15).
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The range of non-balloon revascularization technology
approved by the Food and Drug Administration (FDA) for
use in native and/or graft coronary arteries includes balloon
expandable stents, DES, extraction atherectomy, directional
coronary atherectomy, rotational atherectomy, rheolytic
thrombectomy catheter, proximal and distal embolic protec-
tion devices, excimer laser coronary atherectomy, and local
radiation devices to reduce in-stent restenosis (ISR) (16,17).
A variety of devices are under investigation, including new
designs of balloon or self-expanding stents and mechanical
thrombectomy devices. This guideline update will focus on
the FDA-approved balloon-related and non-balloon coronary
revascularization devices.

3. OUTCOMES

The outcomes of PCI are measured in terms of success and
complications and are related to the mechanisms of the
employed devices, as well as the clinical and anatomic
patient-related factors. Complications can be divided into 2
categories: (a) those common to all arterial catheterization
procedures and (b) those related to the specific technology
used for the coronary procedure. Specific definitions of suc-
cess and complications exist, and where appropriate, the def-
initions used herein are consistent with the ACC-National
Cardiovascular Data Registry (NCDR®) Catheterization
Laboratory Module version 3.0 (18). The committee recom-
mends such standards whenever feasible in order to accom-
modate the common database for the assessment of out-
comes. With increased operator experience, new technology,
and adjunctive pharmacotherapy, the overall success and
complication rates of angioplasty have improved.

3.1. Definitions of PCI Success

The success of a PCI procedure may be defined by angio-
graphic, procedural, and clinical criteria.

3.1.1. Angiographic Success

A successful PCI produces substantial enlargement of the
lumen at the target site. The consensus definition before the
widespread use of stents was the achievement of a minimum
stenosis diameter reduction to less than 50% in the presence
of grade 3 Thrombolysis In Myocardial Infarction (TIMI)
flow (assessed by angiography) (1). However, with the
advent of advanced adjunct technology, including coronary
stents, a minimum stenosis diameter reduction to less than
20% has been the clinical benchmark of an optimal angio-
graphic result. Frequently, there is a disparity between the
visual assessment and computer-aided quantitative stenosis
measurement (19,20), and, thus, the determination of success
may be problematic when success rates are self-reported.

3.1.2. Procedural Success

A successful PCI should achieve angiographic success with-
out major clinical complications (e.g., death, MI, emergency
coronary artery bypass surgery) during hospitalization (1,3).
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Although the occurrence of emergency coronary artery
bypass surgery and death are easily identified end points, the
definition of procedure-related MI has been debated. The
development of Q waves in addition to a threshold value of
creatine kinase (CK) elevation has been commonly used.
Most agree that the definition of MI as put forth by the
ACC/European Society of Cardiology document on the rede-
finition of MI (21) should be the accepted standard.
However, the clinical significance and definition of cardiac
biomarker elevations in the absence of Q waves remains the
subject of investigation and debate (21a). Several reports
have identified non—-Q-wave MIs with CK-MB elevations 3
to 5 times the upper limit of normal as having clinical sig-
nificance (22,23). One report suggests that a greater than 5
times increase in CK-MB is associated with worsened out-
come (24). Thus, this degree of increase in CK-MB without
Q waves is considered by most to qualify as an associated
complication of PCI. Troponin T or I elevation occurs fre-
quently after PCI. The timing of the peak elevation after PCI
is unclear (25). Minor elevations do not appear to have prog-
nostic value, whereas marked (greater than 5 times) eleva-
tions are associated with worsened 1-year outcome (Table 2)
(26-40). Troponin T or I elevation occurs more frequently
than CK-MB increase after PCI (34).

3.1.3. Clinical Success

In the short term, a clinically successful PCI includes
anatomic and procedural success with relief of signs and/or
symptoms of myocardial ischemia after the patient recovers
from the procedure. The long-term clinical success requires
that the short-term clinical success remain durable and that
the patient have persistent relief of signs and symptoms of
myocardial ischemia for more than 6 months after the proce-
dure. Restenosis is the principal cause of lack of long-term
clinical success when a short-term clinical success has been
achieved. Restenosis is not considered a complication but
rather an associated response to vascular injury. The inci-
dence of clinically important restenosis may be judged by the
frequency with which subsequent revascularization proce-
dures are performed on target vessels after the index proce-
dure.

3.2. Acute Qutcome: Procedural Complications

Class 1
All patients who have signs or symptoms suggestive of
MI during or after PCI and those with complicated
procedures should have CK-MB and troponin I or T
measured after the procedure. (Level of Evidence: B)

Class Ila
Routine measurement of cardiac biomarkers (CK-
MB and/or troponin I or T) in all patients undergoing
PCI is reasonable 8 to 12 hours after the procedure.
(Level of Evidence: C)
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Complications associated with PCI are similar to those
resulting from diagnostic cardiac catheterization, but their
prevalence is more frequent. Complications have been cate-
gorized as major (death, MI, and stroke) or minor (transient
ischemic attack, access site complications, renal insufficien-
cy, or adverse reactions to radiographic contrast). Additional
specific complications include intracoronary thrombosis,
coronary perforation, tamponade, and arrhythmias.

Reported rates for death after diagnostic catheterization
range from 0.08% to 0.14%, whereas analyses of large reg-
istries indicate overall unadjusted in-hospital rates for PCI of
0.4% to 1.9% (Table 3) (41-52). This range is greatly influ-
enced by the clinical indication for which PCI is performed,
with the highest mortality rates occurring among patients
with STEMI and cardiogenic shock. Death in such patients
may not be a direct result of the PCI procedure but rather a
consequence of the patient’s underlying illness. For example,
in a combined analysis of PCI as primary reperfusion thera-
py for STEMI, the short-term mortality rate was 7% (53).
Even after exclusion of patients with cardiogenic shock, in-
hospital mortality was 5%.

Myocardial infarction can be a direct result of PCI, most
commonly due to abrupt coronary occlusion or intracoronary
embolization of obstructive debris. Determining and com-
paring the incidence of MI after PCI is difficult because the
definition of MI as a result of PCI is controversial. The con-
ventional definition requires 2 of the following: a) prolonged
chest discomfort or its equivalent; b) development of patho-
logic Q waves; and c) rise in serum cardiac biomarkers above
a critical level. Rates of periprocedural MI using this defini-
tion have ranged from 0.4% to 4.9%. Using a consistent def-
inition for MI, the incidence of this complication has
declined approximately 50% with the routine use of intra-
coronary stents (21,21a,50).

More recently, an isolated rise and fall in either CK-MB or
troponin is considered to be a marker of myocardial necrosis
(21). The relationship between cardiac biomarker elevation
and myocardial cell death and evidence of subendocardial
infarction on magnetic resonance imaging (MRI) support
this position (54,55). Furthermore, large rises in cardiac bio-
markers are associated with an increased risk for late death
(26,56,57). Whether death in such patients is a consequence
of the myonecrosis or a marker of patients who are at
increased risk for death because of more advanced coronary
disease is unclear. Complicating our understanding of the
implications of this definition is the very frequently observed
mild to modest elevation of serum CK-MB among patients
with apparently uncomplicated PCI. When troponin is meas-
ured after PCI, more than 70% of patients exhibit elevated
values after an otherwise successful intervention (58). Such
patients may have no symptoms or electrocardiographic
(ECG) abnormalities to suggest ischemia yet are “enzyme
positive.” One study has suggested a postprocedural increase
in troponin T of 5 times normal is predictive for adverse
events at 6 years. The long-term prognostic significance of
smaller postprocedural troponin T elevations awaits further
investigation (27) (Table 2) (26-40).
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Another study indicated that more extensive stent expan-
sion resulted in CK release but did not increase adverse car-
diac events (59). Accordingly, it is important to acknowledge
that the significance of mild biomarker rises after clinically
successful PCI should be distinguished from situations
wherein patients experience an unequivocal “clinical” infarc-
tion manifested by chest pain and diagnostic ECG findings
(60).

Routine measurement of CK-MB is advocated by some
(21) and actually mandated by certain healthcare systems. In
this regard, the current Committee supports the recommen-
dations of the 2001 Guidelines and recommends that all
patients who have signs or symptoms suggestive of MI dur-
ing or after PCI and those with complicated procedures
should have CK-MB and troponin I or T measured after the
procedure. In addition, the Committee recommends that rou-
tine measurement of cardiac biomarkers (CK-MB and/or tro-
ponin I or T) in every patient undergoing PCI is reasonable 8
to 12 h after the procedure. In such patients, a new CK-MB
or troponin I or T rise greater than 5 times the upper limit of
normal would constitute a clinically significant periproce-
dural ML

The need to perform emergency coronary artery bypass
surgery (CABG) has been considered as a potential compli-
cation of PCIL. Typically, CABG is performed as a rescue
revascularization procedure to treat acute ischemia or infarc-
tion resulting from PCI-induced acute coronary occlusion. In
the era of balloon angioplasty, the rate of emergency CABG
was 3.7% (49). In a more contemporary time period, with the
availability of stents, the reported rate was 0.4% among a
similar cohort of patients.

Various definitions have been proposed for stroke. A com-
mon feature to definitions has been a loss of neurologic func-
tion of vascular cause that lasts more than 24 h. More recent-
ly, attention has been directed to refining the definition of
transient ischemic attack (TIA), which indirectly broadens
that of stroke (61). The time-based definition of a TIA is a
sudden, focal neurologic deficit that lasts less than 24 h that
is of presumed vascular origin and confined to an area of the
brain or eye perfused by a specific artery. The new definition
of TIA is a brief episode of neurologic dysfunction caused by
brain or retinal ischemia, with clinical symptoms typically
lasting less than 1 hour and without evidence of infarction.
Presence of cerebral infarction by imaging techniques con-
stitutes evidence of stroke regardless of the duration of
symptoms.

Bleeding is a complication of increasing concern with the
more frequent use of potent antithrombin and antiplatelet
agents. A frequently used definition for bleeding developed
by the TIMI group includes classification as major, moder-
ate, or minor. Major bleeding is defined as intracranial,
intraocular, or retroperitoneal hemorrhage or any hemor-
rhage requiring a transfusion or surgical intervention or that
results in a hematocrit decrease of greater than 15% or hemo-
globin decrease of greater than 5 g per dL (62). Episodes of
hemorrhage of lesser magnitude would fall into the moder-
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ate/minor categories. A listing of other bleeding classifica-
tions has been developed for use by the ACC-NCDR® (18).

3.3. Acute Outcome: Success Rates

Success has been described on both a lesion and patient
basis. In early studies of PTCA, lesion success is defined as
an absolute 20% reduction in lesion severity with final steno-
sis less than 50%. When describing the results of multiple
attempted lesions, success is classified as either partial (some
but not all attempted lesions successfully treated) or total
(each attempted lesion successfully treated). Procedural suc-
cess is defined as the achievement of either partial or total
angiographic success without death, MI, or emergency
CABG (49).

Reported rates of angiographic success now range between
82% and 98% depending on the device used and the types of
lesions attempted. Formal comparisons demonstrate that suc-
cess rates are now higher (91% to 92%) in the era of new
technology, which includes stents and contemporary drug
therapies, than in the era of conventional balloon angioplas-
ty (72% to 74%) (49). The types of lesions attempted strong-
ly influence success rates. The chance of dilating a chronic
total occlusion averages 65%, and specific clinical and
anatomic factors have been identified that affect this rate
(63). Quite different are the success rates for total occlusions
associated with STEMI. Success rates over 90% can be
expected in this subgroup (64).

With an increase in angiographic success rates and a
decline in periprocedural MI and the need for emergency
CABG, procedural success rates have risen from a range of
80% to 85% to a range of 90% to 95% (Table 3) (41-52).

3.4. Long-Term Outcome and Restenosis

Although improvements in technology, such as stents, have
resulted in an improved acute outcome of the procedure, the
impact of these changes on long-term (5 to 10 years) out-
come may be less dramatic because factors such as advanced
age, reduced left ventricular (LV) function, and progression
of complex multivessel disease in patients currently under-
going PCI may have a more important influence. In addition,
available data on long-term outcome are mostly limited to
patients undergoing PTCA. Ten-year follow-up of the initial
cohort of patients treated with PTCA revealed an 89.5% sur-
vival rate (95% in patients with single-vessel disease, 81% in
patients with multivessel disease) (65). In patients undergo-
ing PTCA within the 1985-1986 National Heart, Lung, and
Blood Institute (NHLBI) PTCA Registry (66), 5-year sur-
vival was 92.9% for patients with single-vessel disease,
88.5% for those with 2-vessel disease, and 86.5% for those
with 3-vessel disease. In patients with multivessel disease
undergoing PTCA in the Bypass Angioplasty
Revascularization Investigation (BARI) (10), 5-year survival
was 86.3%, and infarct-free survival was 78.7%.
Specifically, 5-year survival was 84.7% in patients with 3-
vessel disease and 87.6% in patients with 2-vessel disease.
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In addition to multivessel disease, other clinical factors
adversely impact late mortality. In randomized patients with
treated diabetes undergoing PTCA in BARI, the 5-year sur-
vival was 65.5%, and the cardiac mortality rate was 20.6%
compared with 5.8% in patients without treated diabetes
(67), although among eligible but not randomized diabetic
patients treated with PTCA, the 5-year cardiac mortality rate
was 7.5% (68). In the 1985-1986 NHLBI PTCA Registry, 4-
year survival was significantly lower in women (89.2%) than
in men (93.4%) (69). In addition, although LV dysfunction
was not associated with an increase in in-hospital mortality
or nonfatal MI in patients undergoing PTCA in the same reg-
istry, it was an independent predictor of a higher long-term
mortality (70).

A major determinant of event-free survival after coronary
intervention is the incidence of restenosis, which had, until
the development of stents, remained fairly constant despite
multiple pharmacologic and mechanical approaches to limit
this process (Table 4) (71-95). The incidence of restenosis
after coronary intervention varies depending on the defini-
tion, i.e., whether clinical or angiographic restenosis or tar-
get-vessel revascularization is measured (96). Data from
multiple randomized clinical trials and prospective registries
suggest that DES incorporating either rapamycin or paclitax-
el with a timed-release polymer are associated with a reduc-
tion in restenosis rates to less than 10% across a wide spec-
trum of clinical and angiographic subsets.

The pathogenesis of the response to mechanical coronary
injury is thought to relate to a combination of growth factor
stimulation, smooth muscle cell migration and proliferation,
organization of thrombus, platelet deposition, and elastic
recoil (97,98). In addition, change in vessel size (or lack of
compensatory enlargement) has been implicated (99). It has
been suggested that attempts to reduce restenosis have failed
in part because of lack of recognition of the importance of
this factor (100). Although numerous definitions of resteno-
sis have been proposed, greater than 50% diameter stenosis
at follow-up angiography has been most frequently used
because it was thought to correlate best with maximal flow
and therefore ischemia. However, it is now recognized that
the response to arterial injury is a continuous rather than a
dichotomous process, occurring to some degree in all
patients (101). Therefore, cumulative frequency distributions
of the continuous variables of minimal lumen diameter or
percent diameter stenosis are frequently used to evaluate
restenosis in large patient populations (102) (Figure 2) (80).

Although multiple clinical factors (diabetes, unstable angi-
na [UA]/NSTEMI, STEMI, and prior restenosis) (103,104),
angiographic factors (proximal left anterior descending
artery [LAD], small vessel diameters, total occlusion, long
lesion length, and saphenous vein grafts [SVGs]) (105), and
procedural factors (higher postprocedure percent diameter
stenosis, smaller minimal lumen diameter, and smaller acute
gain) (102) have been associated with an increased incidence
of restenosis, the ability to integrate these factors and predict
the risk of restenosis in individual patients after the proce-
dure remains difficult. The most promising potential
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Table 4. Selected Trials of Pharmacological and Mechanical Approaches to Limit Restenosis

Restenosis Rate, %

Study Year Reference n Agent Placebo or Control Agent
Schwartz 1988 (71) 376 Aspirin and dipyridamole 39 38
Ellis 1989 (72) 416 Heparin 37 41
Pepine 1990 (73) 915 Methylprednisolone 39 40
CARPORT 1991 (74) 649 Vapiprost 19 21
O’Keefe 1992 (75) 197 Colchicine 22 22
MERCATOR 1992 (76) 735 Cilazapril 28 28
CAVEAT* 1993 (77) 500 DCA versus PTCA 57 50
CCAT 1993 (78) 136 DCA versus PTCA 43 46
Serruys 1993 (79) 658 Ketanserin 32 32
BENESTENT* 1994 (80) 520 Stent versus PTCA 32 22
ERA 1994 (81) 458 Enoxaparin 51 52
Leaf 1994 (82) 551 Fish oil 46 52
STRESS* 1994 (83) 410 Stent versus PTCA 42 32
‘Weintraub 1994 (84) 404 Lovastatin 42 39
BOAT* 1998 (85) 492 DCA versus PTCA 40 31
Wantanabe* 1996 (86) 118 Probucol 40 20
Tardif* 1997 (87) 317 Probucol 39 21
BENESTENT II* 1998 (88) 823 Stent versus PTCA 31 17
TREAT* 1999 (89) 255 Tranilast 39 18
PRESTO* 2000 (90) 192 DCA and Tranilast 26 11
ARTIST* 2002 1) 298 Rotablation (in-stent) 51 65
versus PTCA
START* 2002 92) 476 Radiation (in-stent) 45 29
SIRIUS* 2003 (93) 1058 Sirolimus-coated stent versus 36 9
bare stent
TAXUS-1V* 2004 94) 1314 Paclitaxel-coated stent versus 27 8
bare stent
RESCUT 2004 95) 428 Cutting balloon (in-stent) 31 30
versus PTCA

DCA indicates directional coronary atherectomy; n, number of patients; and PTCA, percutaneous transluminal coronary angioplasty.

*P less than 0.05.

approaches to favorably impact the restenosis process are
stents and, more recently, DES and catheter-based radiation.
More than 6300 patients have been studied in 12 randomized
clinical trials to assess the efficacy of PTCA versus stents to
reduce restenosis (Table 5) (80,83,88,106-114).

The pivotal BENESTENT (BElgian NEtherlands STENT
study) (80) and STRESS (STent REStenosis Study) trials
(83) documented that stents significantly reduce angiograph-
ic restenosis compared with balloon angioplasty (BENES-
TENT: 22% vs 32%; STRESS: 32% vs 42%, respectively).
These results were further corroborated in the BENESTENT
II trial, in which the angiographic restenosis rate was reduced
by almost half (from 31% to 16% in patients treated with bal-
loon angioplasty versus heparin-coated stents, respectively)
(88).

In addition, randomized studies in patients with ISR have
shown that both intracoronary gamma and beta radiation sig-
nificantly reduced the rate of subsequent angiographic and
clinical restenosis by 30% to 50% (92,115-117). Late suba-
cute thrombosis was observed in some of these series (117),
but this syndrome has resolved with judicious use of stents
and extended adjunct antiplatelet therapy with ticlopidine or

clopidogrel. The development of DES has significantly
reduced the rate of ISR (see Section 7.3.6 for full discus-
sion).

3.5. Predictors of Success/Complications
3.5.1. Lesion Morphology and Classification

Target lesion anatomic factors related to adverse outcomes
have been widely examined. Lesion morphology and
absolute stenosis severity were identified as the prominent
predictors of immediate outcome during PTCA in the
prestent era (118,119). Abrupt vessel closure, due primarily
to thrombus or dissection, was reported in 3% to 8% of
patients and was associated with certain lesion characteris-
tics (120-122). The risk of PTCA in the prestent era relative
to anatomic subsets has been identified in previous NHLBI
PTCA Registry data (7) and by the ACC/AHA Task Force on
Practice Guidelines (1,123). The lesion classification based
on severity of characteristics proposed in the past (123-125)
has been principally altered using the present PCI tech-
niques, which capitalize on the ability of stents to manage
initial and subsequent complications of coronary interven-
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Figure 2. Balloon stent vs balloon angioplasty in coronary artery disease. Cumulative frequency distribution curves for the 2 study
groups, showing minimum lumen diameters measured before and after intervention and follow-up (B), the percentage of stenosis at
follow-up, and the percentage of patients with clinical end points. Significant differences were apparent that consistently favored the
stent group over the angioplasty group with respect to the increased minimal lumen diameter at intervention (A) and follow-up (B),
the percentage of stenosis at follow-up (C), and the incidence of major clinical events (D). The vertical dashed line in D indicated the
end of the study. Reprinted with permission from Serruys et al. N Engl J Med 1994;331:489-95 (80). Copyright 2004 Massachusetts

Medical Society. All rights reserved.

tions (126). As a result, the Committee has revised the previ-
ous ACC/AHA lesion classification system to reflect high-
risk (at least 1 type C lesion characteristic) and non-high-
risk (no type C lesion characteristic) lesions (Table 6) in
accordance with the PCI Clinical Data Standards from the
ACC-NCDR® (18). Studies (127-130) have confirmed that
complex coronary lesions remain predictive of adverse
events after PCI. However, although the risk of restenosis
and technical failure remains high for chronic total occlu-
sions, the risk of acute complications is not increased.

The SCAI proposed a new lesion classification using 7
lesion characteristics (131). This system dichotomizes
lesions by the presence or absence of a type C characteristic
and vessel patency versus total occlusion, yielding 4 lesion
classes (Table 7) (132). Utilizing data from the voluntary
ACC-NCDR®, the SCAI group presented analyses that
showed that the more simplified SCAI lesion classification
provided better discrimination for success and complications
than the ACC/AHA lesion classification system (132,133).

The SCALI lesion classification system was validated from
a voluntary registry, which imposes a potential bias because

the operator classified the lesion after finishing the case and
knowing whether the case was successful or had complica-
tions. No prospective studies using core laboratory analysis
have validated this system. Nonetheless, the SCAI classifi-
cation system utilizing vessel patency in addition to C and
non-C class appears promising to categorize the risk of suc-
cess and complications with PCI.

3.5.1.1. Clinical Factors

Coexistent clinical conditions can increase the complication
rates for any given anatomic risk factor. For example, com-
plications occurred in 15.4% of patients with diabetes versus
5.8% of patients without diabetes undergoing balloon angio-
plasty in a multicenter experience (119,122). Several studies
have reported specific factors associated with increased risk
of adverse outcome after PTCA. These factors include
advanced age, female gender, UA, congestive heart failure
(HF), diabetes, and multivessel CAD (10,118,119,127-
130,134,135). Elevated baseline C-reactive protein (CRP)
has recently also been shown to be predictive of 30-day death
and MI (128,136). Other markers of inflammation, such as
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Descriptions of a High-Risk Lesion (Type C Lesion)

Diffuse (length greater than 2 cm)

Excessive tortuosity of proximal segment

Extremely angulated segments, greater than 90°
Total occlusions more than 3 months old and/or bridging collaterals*

Inability to protect major side branches

Degenerated vein grafts with friable lesions*

*The high risk with these criteria is for technical failure and increased restenosis, not for acute complications.

interleukin-6 and other cytokines, have also been shown to
be predictive of outcome (137). The BARI trial found that
patients with diabetes and multivessel CAD had an increased
periprocedural risk of ischemic complications and increased
5-year mortality compared with patients without diabetes or
patients with diabetes undergoing bypass surgery using inter-
nal mammary artery (IMA) grafts (10,42). Patients with
impaired renal function, especially those with diabetes, are at
increased risk for contrast nephropathy (138) and increased
30-day and 1-year mortality (139,140). Renal insufficiency
is a strong predictor of outcome in both primary and elective
PCI (141-143). Increased risk for death or severe compro-
mise in LV function may occur in association with a compli-
cation involving a vessel that also supplies collateral flow to
viable myocardium. Certain variables were used to prospec-
tively identify patients at risk for significant cardiovascular
compromise during PTCA (144,145). These resulted in a

Table 7. SCAI Lesion Classification System: Characteristics of Class
I-IV Lesions

Type I lesions (highest success expected, lowest risk)
(1) Does not meet criteria for C lesion
(2) Patent

Type 1I lesions

(1) Meets any of these criteria for ACC/AHA C lesion
Diffuse (greater than 2 cm length)
Excessive tortuosity of proximal segment
Extremely angulated segments, greater than 90°
Inability to protect major side branches
Degenerated vein grafts with friable lesions

(2) Patent

Type III lesions
(1) Does not meet criteria for C lesion
(2) Occluded

Type IV lesions

(1) Meets any of the criteria for ACC/AHA C lesion
Diffuse (greater than 2 cm length)
Excessive tortuosity of proximal segment
Extremely angulated segments, greater than 90°
Inability to protect major side branches
Degenerated vein grafts with friable lesions
Occluded for more than 3 months

(2) Occluded

Reprinted from Krone et al. Evaluation of the American College of Cardiology/American
Heart Association and the Society for Coronary Angiography and Interventions lesion clas-
sification system in the current “stent era” of coronary interventions (from the ACC-
National Cardiovascular Data Registry®). Am J Cardiol 2003;92:394 (Appendix B) (132).

composite 4-variable scoring system, prospectively validated
to be both sensitive and specific in predicting cardiovascular
collapse for failed PTCA, which includes: 1) percentage of
myocardium at risk (e.g., greater than 50% viable myocardi-
um at risk and LV ejection fraction of less than 25%), 2) pre-
angioplasty percent diameter stenosis, 3) multivessel CAD,
and 4) diffuse disease in the dilated segment (124) or a high
myocardial jeopardy score (125). Patients with higher pre-
procedural jeopardy scores were shown to have a greater
likelihood of cardiovascular collapse when abrupt vessel clo-
sure occurred during PTCA (144).

3.5.1.2. Left Main CAD

CABG has long been considered the “gold standard” for
revascularization of lesions in the unprotected left main
(ULM) coronary artery (146). With the advent of newer tech-
nology utilizing BMS and DES, experience has been gained
in performing PCI in ULM coronary artery lesions. Some
studies have demonstrated that stenting of the ULM is feasi-
ble and appears to be a promising strategy in selected
patients (147-152). Patients treated for ULM disease have
varied from those presenting with stable angina to those with
MI and shock. However, despite the feasibility and high pro-
cedural success rate of ULM PCI in the pre-DES era, there
are reports of an unacceptably high incidence of long-term
adverse events (153-155). This may be attributed to the
inclusion of high-risk patients, such as those not considered
good surgical candidates. The experience with BMS for
ULM PCI in the multicenter ULTIMA (Unprotected Left
Main Trunk Intervention Multicenter Assessment) registry
suggested a high early mortality (2% per month among hos-
pital survivors over the first 6 months after hospital dis-
charge), and careful surveillance with coronary angiography
was recommended (153) (see Section 6.3.4). Patients pre-
senting with MI, ULM occlusion, and cardiogenic shock
have lower successful PCI rates (69.7% vs 100%, P equals
0.040), higher in-hospital mortality (71.4% vs 10%, P equals
0.0008), and higher 1-year mortality rates (P equals 0.0064)
than stable MI patients regardless of performance of primary
PCI with stents (155).

More recently, published studies of left main PCI using
DES have reported 6-month or 1-year death rates ranging
from 0% to 14% (Table 8) (147-150,152-161). Furthermore,
ISR appears to be improved with the use of DES versus
BMS. One of the larger studies performed to date showed
that the 6-month angiographic restenosis rate was signifi-
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cantly lower in the ULM group receiving DES than in those
who received BMS (7.0% vs 30.3%, P less than 0.001)
(160). The lower rate of restenosis of DES compared with
BMS has been confirmed in other studies of ULM PCI (159).

There have been some attempts to predict success of ULM
PCI using customary risk factors such as age, renal failure,
coronary calcification, and location of the lesion in the left
main coronary artery. In general, younger patients with pre-
served LV function, noncalcified coronary arteries, and com-
plete delivery of stent, fare better. Maintenance of
antiplatelet therapy after the procedure is critical, as is the
implementation of secondary prevention therapies. Careful
postprocedure surveillance with coronary angiography is
needed to prevent fatal MI or sudden death that may be asso-
ciated with ISR with a large area of myocardium in jeopardy;
however, the frequency and best method of follow-up are
unknown (162). One study’s authors from the BMS era sug-
gested routine surveillance angiography at 2 and 4 months
after PCI (153). Others advocate routine stress testing or car-
diac catheterization at 3 and 6 months even in asymptomatic
patients (148,150). Studies from the DES era have reported
performing routine angiography 4 to 8 months after PCI or
earlier if clinically indicated by symptoms or documented
myocardial ischemia (159,160). Other issues that remain to
be resolved are technical issues (e.g., optimal bifurcation
stenting technique, stent size), degree of revascularization
necessary, cost-effectiveness, and the selection of patients
best suited for DES.

In conclusion, CABG using IMA grafting is the “gold stan-
dard” for treatment of ULM disease and has proven benefit
on long-term outcomes. The use of DES has shown encour-
aging short-term outcomes, but long-term follow-up is need-
ed. Nevertheless, the use of PCI for patients with significant
ULM stenosis who are candidates for revascularization but
not suitable for CABG can improve cardiovascular outcomes
and is a reasonable revascularization strategy in carefully
selected patients. Recommendations for ULM PCI in specif-
ic angina subsets can be found in Sections 5.1, 5.2, 5.3, and
5.4 and in Section 6.3.4 for post-PCI follow-up.

3.5.2. Risk of Death

In the majority of patients undergoing elective PCI, death as
a result of PCI is directly related to the occurrence of coro-
nary artery occlusion and is most frequently associated with
pronounced LV failure (144,145). The clinical and angio-
graphic variables associated with increased mortality include
advanced age, female gender, diabetes, prior MI, multivessel
disease, left main or equivalent coronary disease, a large area
of myocardium at risk, pre-existing impairment of LV or
renal function, post-PCI worsening of renal function, and
collateral vessels supplying significant areas of myocardium
that originate distal to the segment to be dilated
(10,118,120,122,134,135,138,139,140,144,163-167). Peri-
procedural stroke also increases in-hospital and 1-year mor-
tality (168). PCI in the setting of STEMI is associated with a
significantly higher death rate than is seen in elective PCI.
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3.5.3. Women

An estimated 33% of the more than 1 million PCIs per-
formed in the United States annually are in women. The need
for more data concerning outcomes from PCI in women has
led the AHA to issue a scientific statement summarizing
available studies (169). Compared with men, women under-
going PCI are older and have a higher incidence of hyper-
tension, diabetes mellitus, hypercholesterolemia, and comor-
bid disease (69,170-174). Women also have more UA and a
higher functional class of stable angina (Canadian
Cardiovascular Society [CCS] class III and IV) for a given
extent of disease (175). Yet, despite the higher-risk profile in
women, the extent of epicardial coronary disease is similar to
(or less than) that in men. In addition, although women pre-
senting for revascularization have less multivessel disease
and better LV systolic function, the incidence of HF is high-
er in women than in men. The reason for this gender paradox
is unclear, but it has been postulated that women have more
diastolic dysfunction than men (176).

Early reports of patients undergoing PTCA revealed a
lower procedural success rate in women (172); however,
subsequent studies have noted similar angiographic outcome
and incidence of MI and emergency CABG in women and
men (69). Although reports have been inconsistent, in sever-
al large-scale registries, in-hospital mortality is significantly
higher in women (177), and an independent effect of gender
on acute mortality after PTCA persists after adjustments for
the baseline higher-risk profile in women (69,178). The rea-
son for the increase in mortality is unknown, but small ves-
sel size (179) and hypertensive heart disease in women have
been thought to play a role. Although a few studies have
noted that gender is not an independent predictor of mortali-
ty when body surface area (a surrogate for vessel size) is
accounted for (171), the impact of body size on outcome has
not been thoroughly evaluated. The higher incidence of vas-
cular complications, coronary dissection, and perforation in
women undergoing coronary intervention has been attributed
to the smaller vasculature in women than in men. In addition,
diagnostic IVUS studies have not detected any gender-spe-
cific differences in plaque morphology or luminal dimen-
sions once differences in body surface area were corrected,
which suggests that differences in vessel size account for
some of the apparent early and late outcome differences pre-
viously noted in women (180). It has also been postulated
that the volume shifts and periods of transient ischemia dur-
ing PTCA are less well tolerated by the hypertrophied ven-
tricle in women, and HF has shown to be an independent pre-
dictor of mortality in both women and men undergoing
PTCA (181).

Women continue to have increased bleeding and vascular
complications compared with men, but these rates have
decreased with the use of smaller sheath sizes and early
sheath removal, weight-adjusted heparin dosing, and less
aggressive anticoagulation regimens (169). Use of IIb/Illa
platelet receptor antagonists during PCI is not associated
with an increased risk of major bleeding in women
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(182,183), and the direct thrombin inhibitor bivalirudin dur-
ing elective PCI appears to reduce the risk of bleeding (com-
bined major and moderate bleeding) in both women and men
compared with unfractionated heparin (184).

Improved outcomes have been reported in more recently
treated women undergoing both PTCA and PCI, despite the
fact that the women are older and have more complex disease
than women treated previously (Table 9) (69,170,185-1809).
In fact, in the 1993-1994 NHLBI PTCA Registry (open to
women only), procedural success was higher and major com-
plications lower than in women treated in the 1985-1986 reg-
istry (190). Additionally, in patients undergoing PTCA in
BARI, in-hospital mortality, MI, emergency coronary artery
bypass surgery rates, and S-year mortality were similar in
women and men, although women had a higher incidence of
periprocedural HF and pulmonary edema (188).

The widespread use of stents and adjunctive pharmacolog-
ic therapy has improved outcomes in patients undergoing
contemporary PCI (80,83,112,191-202). Early studies of
drug-eluting stents in small vessels (less than or equal to 2.75
mm), of particular importance in women, report favorable
long-term results in both women and men (203). The hope
that stents would eliminate the difference in outcomes
between women and men has not been realized. Gender dif-
ferences in mortality have persisted for patients treated with
stents both in the setting of acute and nonacute MI (204). In
a meta-analysis of invasive versus conservative therapy of
patients with UA/NSTEMI, men demonstrated a clear sur-
vival advantage using routine invasive therapy with GP
IIb/IlIa inhibitors and intracoronary stents; however, using
similar therapy, the results for women were not significantly
improved (205), although it has been shown that the benefits
of an invasive strategy have been limited to high-risk women
(206).

In women with STEMI, the relative benefit of primary PCI
compared with fibrinolytic therapy is similar to that in men,
but there is a larger absolute benefit in women owing to their
higher event rate (207). In patients with shock complicating
acute MI, the benefit of revascularization is similar in
women and men (208).

In general, the risks and benefits of adjunctive pharma-
cotherapy in women are similar to those in men, although an
increased rate of minor bleeding has been reported in women
treated with abciximab (183). When IIb/IIIa platelet receptor
antagonists are used with unfractionated heparin, a lower
dose of the latter should be considered to decrease the risk of
bleeding in women (Table 9) (69,170,185-189).

Few gender-specific data are available on the outcomes of
other percutaneous coronary devices. Although directional
coronary atherectomy has been associated with lower proce-
dural success and higher bleeding complications in women
(209), similar benefit to that in men has been reported from
embolic protection devices used in saphenous vein PCI (210)
and from vascular brachytherapy (169).

Table 9. Gender-Specific Mortality Risk

Mortality, Men
Versus Women (%)

Follow-Up
(years)

Adjusted OR

Device

‘Women Versus Men (n)

Reference

Years

Study

(95% CI)

0.94 (0.76 to 1.15)

0.06

27 versus 22

PTCA

(186) 3027 (824 vs 2203) 55

1979-1990

Mayo Clinic

1.08 (0.84 to 1.39)

0.0002

8 versus 5

PTCA

10785 (2845 vs 7940)

(187)

1980-1991

Emory University

1.20 (0.84 to 1.73)

0.001

6.6 versus 10.8

PTCA

2136 (546 vs 1590)

(69)

1985-1986

NHLBI PTCA Registry

0.60 (0.43 to 0.84)

12.8 versus 12.0 NS

PTCA

1829 (489 vs 1340)

(188)

1988-1994

BARI

NS

NS

5.7 versus 5.9

PCI

2855 (975 vs 1880)

(189)

1990-1994

NACI
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1.24 (0.96 to 1.60)

1.21 versus 1.06 0.096

PCI

33666 (10997 vs 221689) In-hospital

(170)

1994-1999

Northern New England

1.26* (0.85 to 1.87)

0.022

4.3 versus 6.5

PCI

2524 (895 vs 1629)

(185)

1997-1998

NHLBI Dynamic Registry

ClI indicates confidence interval; NS, not significant; n, number of patients; OR, odds ratio; PCI, percutaneous coronary intervention; and PCTA, percutaneous transluminal coronary angioplasty. For expansion of study names, see corresponding reference.

*Expressed as relative risk (RR).
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3.5.4. The Elderly Patient

Age greater than 75 years is one of the major clinical vari-
ables associated with increased risk of complications (211-
214). In the elderly population, the morphologic and clinical
variables are compounded by advanced years, with the very
elderly having the highest risk of adverse outcomes (215). In
octogenarians, although feasibility has been established for
most interventional procedures, the risks associated with
both percutaneous and nonpercutaneous revascularization
are increased (216-218). Octogenarians undergoing PCI have
a higher incidence of prior MI, lower LV ejection fraction,
and more frequent HF (219,220). In the stent era, procedural
success and restenosis rates are comparable to those for
nonoctogenarians, albeit with higher incidences being
reported for in-hospital and long-term mortality and for vas-
cular and bleeding complications (221). A multicenter study
compared an early invasive strategy versus an early conser-
vative strategy in 2220 patients hospitalized for UA/NSTE-
MI. Among patients 65 years or older, the early invasive
strategy conferred a 4.8% absolute risk reduction (39%
Relative Risk Reduction [RRR]) in death or MI at 6 months.
In a post hoc analysis, patients aged 75 years or older expe-
rienced a 10.8% reduction (56% RRR) in 6-month death or
MI with an early invasive strategy. However, there was a sig-
nificant major bleeding rate in patients aged 75 years or older
assigned to an invasive versus a conservative strategy
(16.6% vs 6.5%, P equals 0.009) (222). For patients enrolled
in the Controlled Abciximab and Device Investigation to
Lower Late Angioplasty Complications (CADILLAC) trial
of PCI for STEMI using routine stenting versus balloon
angioplasty, with or without abciximab administration in
both revascularization strategies, 1-year mortality increased
exponentially for each decile of age after 65 years (1.6% for
patients less than 55 years, 2.1% for 55 to 65 years, 7.1% for
65 to 75 years, 11% for greater than 75 years; P less than
0.0001). The incidence of stroke and major bleeding was also
increased in the elderly at 1 year. Abciximab administration
did not confer a benefit in elderly patients but was deemed
safe. In contrast, routine stent implantation in elderly patients
reduced 1-year rates of ischemic target-vessel revasculariza-
tion (7.0% vs 17.6%, P less than 0.0001) and subacute or late
thrombosis (0% vs 2.2%, P equals 0.005) compared with bal-
loon angioplasty. The authors acknowledged that additional
risks/benefits of stent or IIb/Illa inhibitor use in elderly
patients with STEMI might have become evident had more
patients been enrolled in this study (223). Thus, with rare
exception (primary PCI for cardiogenic shock in patients
greater than 75 years of age), a separate category has not
been created in these guidelines for the elderly (224).
However, their higher incidence of comorbidities and risk for
bleeding complications should be taken into account when
considering the need for PCI (218,225).

3.5.5. Diabetes Mellitus

In the TIMI-IIB study of MI, patients with diabetes mellitus
had significantly higher 6-week (11.6% vs 4.7%), 1-year
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(18.0% vs 6.7%), and 3-year (21.6% vs 9.6%) mortality rates
than nondiabetic patients (226). Patients with diabetes with a
first MI who were randomly assigned to the early invasive
strategy faired worse than those managed conservatively
(42-day mortality: death or MI, or death alone, 14.8% vs
4.2%; P less than 0.001) (227). An early catheterization and
intervention strategy after fibrinolysis was of little benefit in
these patients with diabetes. Although adjusted in-hospital
mortality was not different in diabetic and nondiabetic
patients, data from the NHLBI registry showed that at 1 year,
adjusted mortality and repeat revascularization were signifi-
cantly higher in diabetics (228). Thus, routine catheterization
and PCI in this patient subgroup should be based on clinical
need and ischemic risk stratification.

Stenting decreases the need for target-vessel revasculariza-
tion procedures in diabetic patients compared with PTCA
(229). The efficacy of stenting with GP IIb/Illa inhibitors
was assessed in the diabetic population compared with those
without diabetes in a substudy of the EPISTENT (Evaluation
of IIb/Illa Platelet Inhibitor for Stenting) trial (230). One
hundred seventy-three diabetic patients were randomized to
stent/placebo combination, 162 patients to stent/abciximab
combination, and 156 patients to PTCA/abciximab combina-
tion. For the composite end point of death, MI, or target-ves-
sel revascularization, the rates were as follows: 25%, 23%,
and 13% for the stent/placebo, PTCA/abciximab, and
stent/abciximab groups (P equals 0.005). Irrespective of
revascularization strategy, abciximab significantly reduced
6-month death and MI rate in patients with diabetes for all
strategies. Likewise, 6-month target-vessel revascularization
was reduced in the stent/abciximab group approach. One-
year mortality for diabetics was 4.1% for the stent/placebo
group and 1.2% for the stent/abciximab group. Although this
difference was not significant, the combination of stenting
and abciximab among diabetics resulted in a significant
reduction in 6-month rates of death and target-vessel revas-
cularization compared with stent/placebo or PTCA/abcix-
imab therapy (230). Similar results in 1-year target-vessel
revascularization and mortality have been reported with
abciximab and the small-molecule GP IIb/Illa inhibitor
tirofiban (231). (See Section 6.2.2 Glycoprotein IIb/IIla
Inhibitors.) The BARI trial, in which stents and abciximab
were not used, showed that survival was better for patients
with treated diabetes undergoing CABG with an arterial con-
duit than for those undergoing PTCA (232). The benefit of
CABG in patients with diabetes may be related to lessened
mortality after subsequent Q-wave MI among patients with
diabetes. In the BARI trial, the benefit of bypass surgery in
diabetic patients was greater in those patients with more
extensive disease (e.g., more than 4 lesions). This advantage
was largely due to a lower mortality for subsequent MI
(233).

Since the BARI trial was completed, several studies have
assessed the use of PCI with stenting versus CABG in
patients with multivessel disease. Patients with diabetes were
assessed specifically in studies from the ARTS (Arterial
Revascularization Therapies Study) and AWESOME (Angina
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With Extremely Serious Operative Mortality Evaluation)
groups. Glycoprotein IIb/Illa inhibitors were used in approx-
imately 11% of AWESOME PCI patients and were not incor-
porated into the ARTS protocol. At 3 years of follow-up, the
survival rates of the diabetic subsets treated with CABG and
PCI were not significantly different in either ARTS or AWE-
SOME. Repeat revascularization was higher with PCI in the
subsets of patients with diabetes in both trials.

Randomized trials, meta-analysis of trials, and epidemio-
logical studies have shown the superiority of DES over BMS
in terms of reducing late repeat revascularization (234-236).
There are, as yet, inadequate data from which to infer impact
on long-term survival after PCI for patients with diabetes.
The sum effect of DES and GP IIb/Illa inhibitors will be
assessed against contemporary CABG in multivessel-disease
patients with diabetes in the upcoming National Institutes of
Health (NIH)-sponsored Future Revascularization
Evaluation in Patients With Diabetes Mellitus: Optimal
Management of Multivessel Disease (FREEDOM trial)
(237). A discussion about the selection of patients with dia-
betes for surgical revascularization or PCI may be found in
Section 3.6, Comparison With Bypass Surgery. Preliminary
data suggest late outcomes in diabetic patients after PCI are
similar to nondiabetics if the hemoglobin A1C can be main-
tained less than 7.0% (238). Management of other risk fac-
tors, particularly lipid abnormalities, in patients with dia-
betes has also been shown to have a very significant effect on
long-term outcome (239-242). These observations empha-
size the importance of diabetes management and secondary
prevention therapies after PCIL.

3.5.6. PCI After Coronary Artery Bypass Surgery

Although speculated to be at higher risk, patients having PCI
of native vessels after prior coronary bypass surgery have, in
recent years, nearly equivalent interventional outcomes and
complication rates compared with patients having similar
interventions without prior surgery. For PCI of SVG, studies
indicate that the rate of successful angioplasty exceeds 90%,
the death rate is less than 1.2%, and the rate of Q-wave MI is
less than 2.5% (Table 10) (243-248). The incidence of
non—-Q-wave MI may be higher than that associated with
native coronary arteries (249-251).

In consideration of PCI for SVG, the age of the SVG and
duration and severity of myocardial ischemia should be
taken into consideration. Use of GP IIb/Illa blockers has not
been shown to improve results of angioplasty in vein grafts
(252). However, preliminary studies of 2 different distal
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embolic protection devices (Percusurge and GuideWire)
(253-255) are associated with promising results (254,255)
(see Section 5.5.2, Late Ischemia After CABG). The native
vessels should be treated with PCI if feasible. Patients with
older and/or severely diseased SVGs may benefit from elec-
tive repeat CABG surgery rather than PCI (256,257).

In some circumstances, PCI of a protected left main coro-
nary artery stenosis with a patent and functional LAD or left
circumflex coronary conduit can be considered. PCI should
be recognized as a palliative procedure with the potential to
delay the ultimate application of repeat CABG surgery.

3.5.7. Specific Technical Considerations

Certain outcomes of PCI may be specifically related to the
technology utilized for coronary recanalization.
Periprocedural CK-MB elevation appears to occur more fre-
quently after use of ablative technology such as rotational or
directional atherectomy (23,77,85,243,258). Antecedent UA
appears to be a clinical predictor of slow flow and peripro-
cedural infarction after ablative technologies (259), and
direct platelet activation has been demonstrated to occur with
both directional and rotational atherectomy (260). In support
of the premise that platelets play a pathophysiologic role in
periprocedural MI are observations that the presence and
magnitude of CK-MB elevation after ablative technologies
can be reduced to levels observed after PTCA by the admin-
istration of prophylactic platelet GP IIb/Illa receptor block-
ade (261,262).

Coronary perforation may occur more commonly after the
use of atheroablative devices, including rotational, direction-
al, or extraction atherectomy, and excimer laser coronary
angioplasty. However, the incidence of perforation has been
reported variably to be 0.10% to 1.14% with balloon angio-
plasty, 0.25% to 0.70% with directional coronary atherecto-
my, 0.0% to 1.3% with rotational atherectomy, 1.3% to 2.1%
with extraction atherectomy, and 1.9% to 2.0% after excimer
laser coronary angioplasty (263,264). Coronary perforation
complicates PCI more frequently in the elderly and in
women. Although 20% of perforations may be secondary to
the coronary guidewire, most are related to the specific tech-
nology used. Perforation is usually (80% to 90%) evident at
the time of the interventional procedure and should be a pri-
mary consideration in the differential diagnosis for cardiac
tamponade manifest within 24 h of the procedure. Perfor-
ations may be classified on the basis of angiographic appear-
ance as type I (extraluminal crater without extravasation),
type II (pericardial and myocardial blush without contrast jet

Table 10. Probability of Success, Complications, and Restenosis After Balloon Angioplasty or Stenting in Patients After Coronary Bypass Surgery

Conduit Site Reference Success Rate Death Rate MI Rate* Restenosis Ratef
Saphenous vein graft (243-246) Greater than 92% Less than 2% 15% 20% to 35%
Internal mammary artery (247) 97% Less than 1% 12.5% 7% anastomotic,

25% ostial site
Left main (248) 95% Less than 2% 10% 25%

MI indicates myocardial infarction.
*Greater than 3 times normal CK-MB on serial determinations after intervention..
TRestenosis measured as target-vessel revascularization.
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extravasation), and type III (extravasation through a frank [1
mm] perforation) (263). In the absence of extravasation (type
III), the majority of perforations may be effectively managed
without urgent surgical intervention. Type III perforations
have been successfully managed nonoperatively with peri-
cardiocentesis, reversal of anticoagulation, and either pro-
longed perfusion balloon inflation at the site of perforation or
deployment of a covered stent. Perforations caused by
atheroablative devices usually require surgical repair.

3.5.8. Issues of Hemodynamic Support in
High-Risk PCI

Controversy exists about the ability to predict hemodynamic
compromise during PCI. Hemodynamic compromise,
defined as a decrease in systolic blood pressure to an
absolute level less than 90 mm Hg during balloon inflation,
was often associated with LV ejection fraction less than 35%,
greater than 50% of myocardium at risk, and PTCA per-
formed on the last remaining vessel (120,163).

Early feasibility studies of high-risk PTCA using percuta-
neous cardiopulmonary support (CPS) indicated that
although initial likelihood of success was high, vascular mor-
bidity was also high, with an incidence of 43% (265,266).
However, no study has published data to validate commonly
used high-risk categorizations.

Elective high-risk PCI can be performed safely without
intra-aortic balloon pump (IABP) or CPS in most circum-
stances. Emergency high-risk PCI such as primary PCI for
STEMI can usually be performed without IABP or CPS. CPS
for high-risk PCI should be reserved only for patients at the
extreme end of the spectrum of hemodynamic compromise,
such as those patients with extremely depressed LV function
and patients in cardiogenic shock. However, in patients with
borderline hemodynamics, ongoing ischemia, or cardiogenic
shock, insertion of an intra-aortic balloon just before coro-
nary instrumentation has been associated with improved out-
comes (267,268). Furthermore, it is reasonable to obtain vas-
cular access in the contralateral femoral artery before the
procedure in patients in whom the risk of hemodynamic
compromise is high, thereby facilitating intra-aortic balloon
insertion, if necessary.

For high-risk patients, clinical and anatomic variables
influencing complications and outcome should be assessed
before the performance of PCI to determine procedural risk,
the risk of abrupt vessel closure, and potential for cardiovas-
cular collapse. In patients having a higher-risk profile (such
as those with LV dysfunction, single patent vessel or ULM,
degenerated SVG, or high thrombus burden in the obstructed
vessel), consideration of alternative therapies, particularly
coronary bypass surgery, formalized surgical standby, or
periprocedural hemodynamic support should be addressed
before proceeding with PCI. Several small retrospective
studies have evaluated the use of elective balloon pump sup-
port before high-risk PCI. These studies generally reveal suc-
cessful reperfusion by PCI, with improved procedural or in-
hospital morbidity and mortality (267,269,270). An alterna-
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tive approach is to use standby IABP, which results in slight-
ly greater complications for patients undergoing standby
IABP than for those in whom the IABP was in place before
the procedure (271). Available data for the use of IABP in
high-risk patients involve retrospective analyses of relative-
ly small numbers of patients; therefore, no formal recom-
mendations are suggested. The decision to proceed with
IABP before PCI remains a clinical judgment made by the
physician based on the high-risk characteristics of coronary
anatomy and overall status of the patient.

3.6. Comparison With Bypass Surgery

The major advantage of PCI is its relative ease of use and
avoidance of general anesthesia, thoracotomy, extracorpore-
al circulation, central nervous system complications, and
prolonged convalescence. Repeat PCI can be performed
more easily than repeat bypass surgery, and revascularization
can be achieved more quickly in emergency situations. The
disadvantages of PCI are early restenosis and the inability to
relieve many totally occluded arteries and/or those vessels
with extensive atherosclerotic disease.

Coronary artery bypass surgery has the advantages of
greater durability (graft patency rates exceeding 90% at 10
years with arterial conduits) (272) and more complete revas-
cularization regardless of the morphology of the obstructing
atherosclerotic lesion. Generally speaking, the greater the
extent of coronary atherosclerosis and its diffuseness, the
more compelling the choice of coronary artery bypass sur-
gery, particularly if LV function is depressed. Patients with a
lesser extent of disease and localized lesions are good candi-
dates for endovascular approaches.

PTCA and coronary artery bypass surgery have been com-
pared in many nonrandomized and randomized studies.
Whereas randomized controlled trials are the only way to
completely eliminate bias between comparative therapies,
large prospective registries can best extend observations to
broad segments of the population who might be excluded
from randomized trials. Through risk-adjustment methodolo-
gies, large groups of patients can be evaluated between ther-
apies to attempt to eliminate the impact of baseline differ-
ences. A number of registries have compared coronary
bypass graft surgery with PCI (52). New York State man-
dates a registry of all patients undergoing PCI and CABG
that is monitored by audit and provides survival data on all
New York State residents. Patients with multivessel disease
treated between January 1, 1997, and December 31, 2000,
were followed up for 3 years (52). During this period when
stent utilization was common, the adjusted hazard ratio
favored surgery for all subsets of multivessel disease
patients. The surgical advantage was greatest for patients
with 3-vessel disease with involvement of the proximal LAD
and least for patients with 2-vessel disease without anterior
descending involvement. One important factor differentiat-
ing the techniques was significantly more complete revascu-
larization in the surgery group. By identifying trends such as
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these, registries can provide important insight for clinical
improvement.

The most accurate comparisons of outcomes are best made
from prospective randomized trials of patients suitable for
either treatment. Although results of these trials provide use-
ful information for selection of therapy in several patient
subgroups, prior studies of PTCA may not reflect outcome of
current PCI practice, which includes frequent use of stents
and antiplatelet drugs. Similarly, many previous studies of
CABG may not reflect outcome of current surgical practice,
in which arterial conduits are used whenever practicable.
Beating heart bypass operations are also employed for select-
ed patients with single-vessel disease with reduced morbidi-
ty (273). In addition, patients are selected for PCI (with or
without stenting) because of certain lesion characteristics,
and these anatomic criteria are not required for CABG.

Randomized trials also must be interpreted carefully. It is
unethical to withhold subsequent PCI or CABG from
patients solely because they fail an earlier treatment; thus,
comparative prospective studies can only compare initial
strategies of revascularization. This critically important point
is frequently overlooked by those who claim that a random-
ized study proves equally good outcome of one method of
revascularization over the other.

Despite these limitations, some generalizations can be
made from comparative trials of PTCA and CABG. First, for
most patients with single-vessel disease, late survival is sim-
ilar with either revascularization strategy, and this might be
expected given the generally good prognosis of most patients
with single-vessel disease managed medically (274-276).

Two prospective clinical trials have evaluated PTCA and
CABG for revascularization of isolated disease of the LAD.
Investigators in the Medicine, Angioplasty or Surgery Study
(MASS) used a combined end point of cardiac death, MI, or
refractory angina requiring repeat revascularization by sur-
gery; at 3 years of follow-up, this combined end point
occurred in 24% of PTCA patients, 17% of medical patients,
and 3% of surgical patients (277). Importantly, there was no
difference in overall survival in the 3 groups. In the
Lausanne trial of 134 patients with isolated LAD disease
treated by either PTCA (68 patients) or bypass with an IMA,
survival was similar in the 2 groups, and 94% of PTCA
patients and 95% of CABG patients were free of limiting
symptoms (278). However, patients in the PTCA group took
more antianginal drugs than surgical patients, and at median
follow-up of 2.5 years, 86% of CABG-treated versus 43% of
PTCA-treated patients were free from late events (P less than
0.01); this difference was primarily due to restenosis (32%)
requiring subsequent CABG (16%) or PTCA (15%). Neither
of the 2 aforementioned trials included stenting, a technique
that would be expected to reduce rates of early restenosis by
as much as 50% in appropriately selected lesions
(108,279,280).

In a similar manner, the 3-year follow-up of the Argentine
randomized trial of PTCA versus CABG multivessel disease
(ERACT study) (279) demonstrated that in patients random-
ized to PTCA or bypass surgery, the 1-, 3-, and 5-year fol-
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low-up results indicated that freedom from combined cardiac
events was significantly greater for bypass surgery than for
the PTCA group (77% vs 47%; P less than 0.001). However,
there were no differences in overall and cardiac mortality or
in the frequency of MI between the 2 groups. Patients who
had bypass surgery were more frequently free of angina
(79% vs 57%) and had fewer additional reinterventions
(6.3% vs 37%) than patients who had PTCA. This study indi-
cated that freedom from combined cardiac events at 3-year
follow-up was greater in bypass patients than in those who
had PTCA and that the PTCA group had a higher incidence
of recurrence of angina and need for repeat procedures.
Cumulative cost at 3 years was greater for surgery than for
the PTCA group.

In the ARTS trial, the first trial to compare stenting with
surgery, there was no significant difference in mortality
between PCI and surgical groups at 1 and 3 years (281,282).
The main difference compared with previous PTCA and
CABG trials was an approximate 50% reduction in the need
for repeat revascularization in a group randomized to PCI
with stent placement (281).

Similar results were reported by the Stent or Surgery (SoS)
trial. In this trial, 988 patients with multivessel disease were
randomized to PCI (78% received stents) or CABG. At a
median follow-up of 2 years, 21% of the PCI group required
repeat revascularization compared with 6% of the CABG
group (hazard ratio 3.85, 95% confidence interval [CI] 2.56-
5.79, P less than 0.0001). The incidence of death or Q-wave
MI was similar in both groups (hazard ratio 0.95, 95% CI
0.63-1.42, P equals 0.80). Mortality was higher in the PCI
group, but this was influenced by a particularly low surgical
mortality and a high rate of noncardiovascular deaths in the
PCI group (283).

The ERACI II study randomized 450 patients with multi-
vessel disease (91% UA) to PCI or CABG. At a mean follow-
up of 18.5 months, survival was 96.9% in PCI group versus
92.5% in the CABG group (P less than 0.017). Freedom
from MI was also better in the PCI group than in the CABG
group (97.7% vs 93.4%, P less than 0.017). Similar to other
studies, the need for repeat revascularization was higher in
the PCI group (16.8% vs 4.8%, P less than 0.002) (284).

In the AWESOME study, 454 patients with medically
refractory myocardial ischemia and high-risk features for
adverse outcomes with surgery were randomized to either
PCI (54% received stents) or CABG. High-risk features
included: prior open heart surgery, age greater than 70 years,
LV ejection fraction less than 0.35, MI within 7 days, or
IABP required. Comparable survival was observed between
the PCI and CABG groups at 3 years (80% vs 79%), with
more frequent repeat revascularization in the PCI group.
Additionally, survival free of UA in the PCI group was with-
in 90% of that in the CABG group (285).

Direct comparison of initial strategies of PCI or CABG in
patients with multivessel coronary disease is possible only
by randomized trials because of selection criteria of patients
for PCI. There have been 5 large (more than 300 patients)
randomized trials of PTCA versus CABG and 2 smaller stud-
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ies and 5 large trials of PCI using stents versus CABG (10-
12,279,281,283-289). Characteristics of the studies are sum-
marized in Table 11 (11,12,279,282-290). These trials
demonstrate that in appropriately selected patients with mul-
tivessel coronary disease, an initial strategy of standard PCI
with BMS yields similar overall outcomes (e.g., death, MI)
to initial revascularization with coronary artery bypass.

An important exception to the conclusion of the relative
safety of PCI in multivessel disease is the subgroup of
patients with treated diabetes mellitus. In BARI, the only
trial with a sufficiently large patient enrollment to examine
survival alone, the data showed that among treated diabetic
patients assigned to PTCA, 7-year survival was 55.7% com-
pared with 76.4% for patients having CABG (P equals
0.0011); the improved outcome with CABG was due to
reduced cardiac mortality (5.8% vs 20.6%, P equals 0.0003),
which was confined to those receiving at least 1 IMA graft
(10,67,290). There was no mortality difference at 7 years in
the remainder of the patients, those without diabetes and
patients with diabetes not undergoing medical treatment
(290). Better survival of diabetic patients with multivessel
disease treated initially with CABG has also been observed
in a large retrospective study from Emory (291) and in the 8-
year results of Emory Angioplasty Surgery Trial (EAST)
(292). In the BARI trial, the benefit of bypass surgery in dia-
betic patients was greater in those patients with more exten-
sive disease (e.g., more than 4 lesions). This advantage was
largely due to a lower mortality for subsequent MI (233,293).
As compelling as these reports may be, it is of interest that
treated diabetic patients enrolled in the BARI registry did not
show a similar advantage for CABG over PCI, which sug-
gests that physician judgment in the selection of diabetic
patients for PCI may be an important factor (42,68).

Patients with diabetes have been evaluated specifically in
studies from the ARTS and AWESOME groups, which
included the use of stents (294,295). GP IIb/Illa inhibitors
were used in approximately 11% of AWESOME PCI patients
and were not incorporated into the ARTS protocol. After 3
years of follow-up, the survival rates of the diabetic subsets
treated with CABG and PCI were not significantly different
in either ARTS or AWESOME. Repeat revascularization was
higher with PCI in the subsets of patients with diabetes in
both trials. The sum effect of DES and GP IIb/Illa inhibitors
will be assessed against contemporary CABG in multivessel
disease patients with diabetes in the upcoming NIH-spon-
sored FREEDOM trial.

Overall, 6 trials have been published comparing PCI using
stents with CABG in single-vessel or multivessel disease.
Both revascularization techniques relieve angina. In aggre-
gate, these trials have not shown a difference between CABG
and PCI in terms of mortality or procedural MI among the
populations studied, which have mostly included low-risk
patients. Stents appear to have narrowed the late repeat
revascularization difference that favored CABG in the bal-
loon era. Randomized trials, meta-analysis of trials, and epi-
demiological studies have shown the superiority of DES over
BMS in terms of reducing late repeat revascularization (234-
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236) (see also Section 7.3.5 on DES). At this writing, no pub-
lished studies are available comparing PCI with DES to
CABG; thus, the impact of contemporary therapy with DES
compared with CABG requires further evaluation. The
ARTS 1II study compared outcomes for 600 surgically treat-
ed patients in ARTS II with 600 similar patients prospective-
ly treated with multistent, sirolimus-eluting stent (SES)
implantation [P.W. Serruys, oral presentation, American
College of Cardiology Scientific Session, Orlando, Fla,
March 2005]. Preliminary data from that study showed a
lower rate of perioperative MI for the stent group. The sur-
gery group still had fewer repeat revascularization proce-
dures; however, the difference was markedly attenuated
compared with the ARTS I BMS group. Furthermore, med-
ical management of atherosclerosis, both before and after
revascularization, has continued to evolve with the increased
use of beta-blockers, inhibitors of the renin-angiotensin-
aldosterone system, and lipid-lowering agents. Other
changes in patient management that may influence these
conclusions are the use of GP IIb/IIla inhibitors, as men-
tioned above, and the use of direct thrombin inhibitors dur-
ing PCI, the more frequent use of IMA grafts, and the emer-
gence of less invasive surgical approaches. It is likely that
during the progress of their disease, many patients will ben-
efit from a combined application of percutaneous and surgi-
cal techniques, taking advantage of the low morbidity of per-
cutaneous methods and the established long-term benefit of
surgical revascularization with arterial conduits.
Recommendations for revascularization in various patient
subsets are presented in Section 5.

3.7. Comparison With Medicine

There has been a considerable effort made to evaluate the rel-
ative effectiveness of bypass surgery compared with PCI for
coronary artery revascularization. In contrast to this, very lit-
tle effort has been directed toward comparing medical thera-
py with PCI for the management of stable and UA. Several
randomized trials are currently available comparing PCI with
the medical management of angina (Table 12) (289,296-
302). Most trials comparing PCI with medical therapy have
utilized PTCA, not stents, in comparison with medical ther-
apy, and no major trials are available comparing DES with
medical therapy. The ACME (Angioplasty Compared to
Medicine) investigators randomized 212 patients with sin-
gle-vessel disease, stable angina pectoris, and ischemia on
treadmill testing to PTCA or medical therapy. This trial
demonstrated superior control of symptoms and better exer-
cise capacity in patients managed with PTCA than in those
given medical therapy. Death and MI were infrequent occur-
rences, and their incidence was similar in both groups. The
Veterans Administration ACME trial investigators provided
long-term results in an additional 101 randomized patients
with double-vessel disease not previously reported (300) that
indicated that patients randomized to medical therapy or
PTCA had similar improvement in exercise duration, free-
dom from angina, and improvement in quality of life at the
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time of 6-month follow-up. Thus, these patients with double-
vessel PTCA did not demonstrate superior control of their
symptoms as compared with medical therapy, as was experi-
enced by the ACME patients with single-vessel disease. This
small study suggests that PTCA is less effective in control-
ling symptoms in patients with double-vessel disease and
stable angina than in those with single-vessel disease.

The Randomized Intervention Treatment of Angina
(RITA)-2 investigators randomized 1018 patients with stable
angina to PTCA or conservative (medical) therapy
(297,299). Patients who had inadequate control of their
symptoms with optimal medical therapy were allowed to
cross over to myocardial revascularization. The combined
end point of the trial was all-cause mortality and nonfatal MI.
The 504 PTCA and 514 medically treated patients were fol-
lowed up for a mean of 7 years. Death due to all causes
occurred in 43 (8.5%) of the PTCA patients and 43 (8.4%) of
the medical patients. Of the 86 deaths, only 8 were due to
heart disease. Angina improved in both groups, but there was
a 16.5% absolute excess of grade 2 or worse angina in the
medical group at 3 months after randomization (P less than
0.001). These differences in angina narrowed over time, with
the PTCA group always having less angina than the med-
ically treated patients. Thus, RITA-2 demonstrated that
PTCA results in better control of symptoms of ischemia and
improves exercise capacity compared with medical therapy
but is associated with a higher combined end point of death
and periprocedural MI. It is important to remember that
although the patients in this trial were asymptomatic or had
only mild angina, 62% of them had multivessel CAD, and
34% had significant disease in the proximal segment of the
LAD (301). Thus, most of these patients had severe anatom-
ic CAD.

The Asymptomatic Cardiac Ischemia Pilot (ACIP) study
provides additional information comparing medical therapy
with PTCA or CABG revascularization in patients with doc-
umented CAD and asymptomatic ischemia by both stress
testing and ambulatory ECG monitoring (301). This trial ran-
domized 558 patients suitable for revascularization by PTCA
or CABG to 3 treatment strategies: angina-guided drug ther-
apy (n equals 183), angina- plus ischemia-guided drug ther-
apy (n equals 183), and revascularization by PTCA or CABG
surgery (n equals 192). Of the 192 patients who were ran-
domized to revascularization, 102 were selected for PTCA
and 90 for CABG. At 2 years of follow-up, death or MI had
occurred in 4.7% of the revascularization patients compared
with 8.8% of the ischemia-guided group and 12.1% of the
angina-guided group (P less than 0.01). Because a large por-
tion of the patients underwent CABG surgery instead of
PTCA to achieve complete revascularization, it is not appro-
priate to directly compare these results with RITA-2.
Nonetheless, the ACIP study suggests that outcomes of
revascularization with CABG surgery and PTCA are very
favorable compared with medical therapy in patients with
asymptomatic ischemia with or without mild angina. It
should be emphasized that aggressive lipid-lowering therapy
was not widely employed in either treatment arm of ACIP.
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The Atorvastatin Versus Revascularization Treatment
(AVERT) trial (298) randomly assigned 341 patients with
stable CAD, normal LV function, and class I and/or II angi-
na to PTCA or medical therapy with 80 mg of atorvastatin
daily (mean low-density lipoprotein cholesterol equals 77
mg per dL). At 18 months of follow-up, 13% of the medical-
ly treated group had ischemic events compared with 21% of
the PTCA group (P equals 0.048). Angina relief was greater
in those treated with PTCA. Although not statistically differ-
ent when adjusted for interim analysis, these data suggest
that in low-risk patients with stable CAD, aggressive lipid-
lowering therapy can be as effective as PTCA in reducing
ischemic events.

During the MASS-II trial (289), 611 patients with stable
angina, multivessel disease, and preserved LV function were
randomized to 3 treatment groups: medical therapy, CABG,
or PCI (medical therapy n equals 203, CABG n equals 203,
and PCI n equals 205). One-year survival was similar in the
3 groups at 98.5%, 96.0%, and 95.6%, respectively. At 1 year
of follow-up, a Q-wave MI had occurred in 2% of CABG
patients, 8% of the PCI patients, and 3% of the medical ther-
apy patients. By 1 year, additional revascularization proce-
dures were performed in 8.3% of medical therapy patients,
13.3% of PCI patients, and only 0.5% of CABG patients.
More patients were free of angina at 1 year in the CABG and
PCI groups (88% and 79%, respectively) than in the medical
therapy groups, in which only 46% were free of angina. This
small contemporary trial utilizing aggressive medical man-
agement demonstrated that medical therapy for multivessel
disease has a low incidence of early events including death
and Q-wave MI but is inferior to PCI and CABG for the con-
trol of angina.

Given the limited data available from randomized trials
comparing medical therapy with PCI, it seems prudent to
consider medical therapy for the initial management of most
patients with CCS classification class I and II stable angina
and to reserve PCI and CABG for those patients with more
severe symptoms and ischemia. The symptomatic patient
who wishes to remain physically active, regardless of age,
will usually require PCI or CABG to accomplish this.

The Clinical Outcomes Utilization Revascularization and
Aggressive Drug Evaluation (COURAGE) trial was
designed to compare intensive medical therapy with PCI plus
intensive medical therapy. Enrollment has been completed,
and results are expected to be available in the next few years.
This trial will provide further valuable information about the
relative merits of medical treatment plus PCI versus medical
treatment alone and will also give us a detailed assessment of
outcomes relative to quality of life and economic cost (303).
The Bypass Angioplasty Revascularization trial in patients
with diabetes (BARI 2d) was designed to compare revascu-
larization in addition to aggressive medical therapy in
patients with diabetes compared with aggressive medical
therapy alone. Enrollment was completed in the first quarter
of 2005.

Patients with UA and NSTEMI have been randomized to
medical therapy or PCI in the FRagmin and Fast
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Revascularisation during InStability in Coronary artery dis-
ease (FRISC) II and Treat Angina with Aggrastat and deter-
mine the Cost of Therapy with an Invasive or Conservative
Strategy (TACTICS) TIMI 18 trials, as well as in RITA-3.
These trials utilizing stenting as the primary therapy have
favored the invasive approach (206,302,304). They are dis-
cussed in Section 5.3.

4. INSTITUTIONAL AND OPERATOR
COMPETENCY

4.1. Quality Assurance

Class 1

1. An institution that performs PCI should establish an
ongoing mechanism for valid peer review of its quali-
ty and outcomes. Review should be conducted both at
the level of the entire program and at the level of the
individual practitioner. Quality-assessment reviews
should take risk adjustment, statistical power, and
national benchmark statistics into consideration.
Quality-assessment reviews should include both tabu-
lation of adverse event rates for comparison with
benchmark values and case review of complicated
procedures and some uncomplicated procedures.
(Level of Evidence: C)

2. An institution that performs PCI should participate in
a recognized PCI data registry for the purpose of
benchmarking its outcomes against current national
norms. (Level of Evidence: C)

Definition of Quality in PCI

Satisfactory quality in PCI may be defined as the appropriate
selection of patients for the procedure and the achievement
of risk-adjusted outcomes that are comparable to national
benchmark standards in terms of procedure success and
adverse event rates. To achieve optimal quality and outcomes
in PCI, it is necessary that both the physician operator and
the supporting institution be appropriately skilled and expe-
rienced.

Institutional Quality-Assurance Requirement

PCI is a demanding, technically complex procedure. The
potential exists for substantial quality variation among both
operators and institutions.

In the United States, responsibility for quality assurance is
vested in the healthcare institution, which is responsible to
the public to ensure that patient care conducted under its
jurisdiction is of acceptable quality. Thus, the institution has
the responsibility to monitor its PCI program’s quality with
respect to process, appropriateness, and outcomes in order to
identify and correct any circumstances in which quality falls
below accepted norms. Quality-assessment review should be
conducted both at the level of the entire program and at the
level of the individual practitioner.

Each institution that performs PCI must establish an ongo-
ing mechanism for valid peer review of its quality and out-
comes. The program should provide an opportunity for inter-
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ventionalists, as well as for physicians who do not perform
angioplasty but are knowledgeable about it, to review its
overall results on a regular basis. The review process should
tabulate the results achieved both by individual physician
operators and by the overall program and compare them with
national benchmark standards with appropriate risk adjust-
ment. Valid quality assessment requires that the institution
maintain meticulous records that include the patient demo-
graphic and clinical characteristics necessary to assess
appropriateness and to conduct risk adjustment.

Role of Risk Adjustment in Assessing Quality

A raw adverse event rate that is not appropriately risk adjust-
ed has little meaning. Data compiled from large registries of
procedures performed in recent years have generated multi-
variate risk-adjustment models for adverse event rates for
PCI in the current era. Six multivariate models of the risk of
mortality after PCI have been published (43,47,305-308).
Although these models differ somewhat, they are consis-
tent in identifying acute MI, shock, and age as important
risk-stratification variables for mortality. The ACC-NCDR
reported a univariate mortality rate of 0.5% for patients
undergoing elective PCI, a mortality rate of 5.1% for patients
undergoing primary PCI within 6 h of the onset of STEMI,
and a mortality rate of 28% for patients undergoing PCI for
cardiogenic shock (305). Thus, it is clear that to assess PCI
mortality rates, patients should be stratified by whether they
are undergoing elective PCI, primary PCI for acute STEMI
without shock, or primary PCI for STEMI with shock.

Challenges in Determining Quality

As discussed above, given the complexity of case selection
and procedure conduct, quality is difficult to measure in PCI
and is not determined solely by adverse event rates even
when properly adjusted for risk. Accurate assessment of
quality becomes more problematic for low-volume operators
and institutions, because absolute event rates are expected to
be small. Thus, particularly in low-volume circumstances,
quality may be better assessed by an intensive case review
process conducted by recognized experts who can properly
judge all of the facets of the conduct of a case. Case review
also has merit in high-volume situations, because it can iden-
tify subtleties of case selection and procedure conduct that
may not be reflected in pooled statistical data.

Requirement for Institutional Resources and Support

A high-quality PCI program requires appropriately trained
and experienced skilled physician operators. However, the
operator does not work in a vacuum. An operator needs a
well-maintained, high-quality cardiac catheterization facility
to practice effectively. In addition, the operator depends on a
multidisciplinary institutional infrastructure for support and
response to emergencies. Thus, to provide quality PCI serv-
ices, the institution must ensure that its catheterization facil-
ity is properly equipped and managed and that all of its nec-
essary support services are of high quality and are readily
available.
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The Quality-Assessment Process

Quality assessment is a complex process that includes more
than mere tabulation of success and complication rates.
Components of quality in coronary interventional procedures
include appropriateness of case selection, quality of proce-
dure execution, proper response to intraprocedural problems,
accurate assessment of procedure outcome, and appropriate-
ness of postprocedure management. It is important to con-
sider each of these parameters when conducting a quality-
assessment review. A quality program performs appropriate-
ly selected procedures that achieve risk-adjusted outcomes,
in terms of procedure success and complication rates, that are
comparable to national benchmark standards. Patient charac-
teristics that determine appropriateness are discussed else-
where in this document. Multivariate models that predict risk
have been published previously (43,47,305-308).

It is accepted that quality-assurance monitoring is best con-
ducted through the peer review process despite the political
challenges associated with colleagues evaluating each other.
There has been a considerable controversy surrounding
efforts to define standards, criteria, and methodologies for
conducting quality assessment. There are many challenges to
conducting this process in a fair and valid manner.

The cornerstone of quality-assurance monitoring is the
assessment of procedural outcomes in terms of success and
adverse event rates. Other components of quality-assurance
monitoring include establishment of criteria for assessing
procedure appropriateness and application of proper risk
adjustment to interpret adverse event rates. Because adverse
events should be rare, a valid estimate of a properly risk-
adjusted adverse event rate generally requires tabulation of
the results of a large number of procedures. This adds an
additional challenge to the valid assessment of low-volume
operators and institutions. The responsible supervising
authority should monitor the issues outlined in Table 13
(309).

Initial Physician Operator Credentialing Criteria

The institutional credentialing committee should document
that an interventionalist wishing to initiate practice meets the
established training criteria, including those of the ACC Task
Force on Training in Cardiac Catheterization and
Interventional Cardiology (310-312). The ACC Training
Statement (312) for coronary invasive training requires a 3-
year comprehensive cardiac program with 12 months of
training in diagnostic catheterization, during which the
trainee performs 300 diagnostic catheterizations, with at least
200 of those as the primary operator. Interventional training
requires a fourth year of fellowship, during which the trainee
should perform more than 250 but not more than 600 inter-
ventional procedures (312). The physician’s training pro-
gram director should certify that the candidate has complet-
ed the program and has achieved the necessary competence
to perform coronary interventional procedures independent-
ly. The certification should also include whether the candi-
date has achieved requisite competence in related interven-
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tional techniques such as rotational atherectomy, balloon
valvuloplasty, and closure of patent foramen ovale and atrial
septal defect.

It is recommended that an interventional cardiology opera-
tor be certified by the American Board of Internal Medicine
in interventional cardiology. Ideally, board certification in
interventional cardiology should be required for credential-
ing. The American Board of Internal Medicine certifying
examination in interventional cardiology has been adminis-
tered annually since 1999. As of the 2004 administration, a
total of 4718 individuals have been certified.

Privilege Renewal

Criteria for practitioner privilege renewal should be based on
both activity level and outcomes. The assessment process
should ascertain whether a physician operator’s activity level
is sufficient to maintain competence. In addition, the assess-
ment process should assess the appropriateness of the opera-
tor’s case selection and compare the operator’s risk-adjusted
outcomes with established national benchmark standards
(310). This is discussed in depth in Section 4.2. Current
benchmark standards for mortality, complication rates, and
risk adjustment will be subject to future revision as proce-
dure technique is refined and newer data emerge. It is impor-
tant that institutions assist with these efforts by participating
in active database efforts to track clinical and procedural
information for individual operators and their institutions.

Outcome Data Tabulation and Reporting

Institutions performing PCI should gather data needed to
monitor their outcomes and should submit their data to a
national registry for benchmarking purposes. Institutions
should conduct meticulous record keeping that details the
cases performed-patient demographics and comorbidities,

Table 13. Key Components of a Quality-Assurance Program

Clinical proficiency
General indications/contraindications
Institutional and individual operator complication rates, mortality
and emergency CABG
Institutional and operator procedure volumes
Training and qualifications of support staff

Equipment maintenance and management
Quality of laboratory facility [See ACC/SCAI Expert Consensus
Document on Catheterization Laboratory Standards (309)]

Quality improvement process
Establishment of an active concurrent database to track clinical and
procedural information and patient outcomes for individual opera-
tors and the institution. The ACC-NCDR® or other databases are
strongly recommended for this purpose

Radiation safety
Educational program in the diagnostic use of X-ray
Patient and operator exposure

ACC indicates American College of Cardiology; CABG, coronary artery bypass graft sur-
gery; NCDR®, National Cardiovascular Data Registry; and SCAI, Society for
Cardiovascular Angiography and Interventions.
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cardiovascular characteristics including type of presentation,
coronary anatomy, ventricular function, procedures per-
formed, and periprocedural complications. These data are
necessary to permit appropriate risk adjustment. Institutions
should carefully monitor their risk-adjusted outcomes at the
level of the institution and of the individual operators and
should ascertain that their outcomes fall within national
norms. One example is the ACCF CathKit®, a tool that pro-
vides templates and guidance for the quality assessment
process.

This Writing Committee agrees with the ACC Task Force
recommendations for the Assessment and Maintenance of
Proficiency in Coronary Interventional Procedures (310).
Institutions and healthcare providers performing PCI should
meet the standards outlined in Table 14 (309,310,312) and in
Section 4.2.

4.2. Operator and Institutional Volume
Class 1

1.

Elective PCI should be performed by operators with
acceptable annual volume (at least 75 procedures) at
high-volume centers (more than 400 procedures) with
onsite cardiac surgery (310,312). (Level of Evidence:
B)

Elective PCI should be performed by operators and
institutions whose historical and current risk-adjust-
ed outcomes statistics are comparable to those report-
ed in contemporary national data registries. (Level of
Evidence: C)

Primary PCI for STEMI should be performed by
experienced operators who perform more than 75
elective PCI procedures per year and, ideally, at least
11 PCI procedures for STEMI per year. Ideally, these
procedures should be performed in institutions that
perform more than 400 elective PCIs per year and
more than 36 primary PCI procedures for STEMI per
year. (Level of Evidence B)

Class Ila

1.

It is reasonable that operators with acceptable volume
(at least 75 PCI procedures per year) perform PCI at
low-volume centers (200 to 400 PCI procedures per
year) with onsite cardiac surgery (310,312). (Level of
Evidence: B)

It is reasonable that low-volume operators (fewer than
75 PCI procedures per year) perform PCI at high-vol-
ume centers (more than 400 PCI procedures per year)
with onsite cardiac surgery (310,312). Ideally, opera-
tors with an annual procedure volume less than 75
should only work at institutions with an activity level
of more than 600 procedures per year. Operators who
perform fewer than 75 procedures per year should
develop a defined mentoring relationship with a high-
ly experienced operator who has an annual procedur-
al volume of at least 150 procedures per year. (Level of
Evidence: B)
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Table 14. Considerations for the Assessment and Maintenance of
Proficiency in Coronary Interventional Procedures

Institutions
Quality-assessment monitoring of privileges and risk-stratified out-
comes

Provide support for a quality-assurance staff person (e.g., nurse) to
monitor complications

Minimal institutional performance activity of 200 interventions per
year, with ideal minimum of 400 interventions per year

Interventional program director who has a career experience of
more than 500 PCI procedures and who is board certified by the
ABIM in interventional cardiology

Facility and equipment requirements to provide high-resolution flu-
oroscopy and digital video processing

Experienced support staff to respond to emergencies (see Section
4.3, Role of On-Site Cardiac Surgical Backup for discussion)

Establishment of a mentoring program for operators who perform
fewer than 75 procedures per year by individuals who perform at
least 150 procedures per year

Physicians
Procedural volume of 75 per year or more

Continuation of privileges based on outcome benchmark rates, with
consideration of not granting privileges to operators who exceed
adjusted case mix benchmark complication rates for a 2-year peri-
od

Ongoing quality assessment comparing results with current bench-
marks, with risk stratification of complication rates

Board certification by ABIM in interventional cardiology

ABIM indicates American Board of Internal Medicine; and PCI, percutaneous coronary
intervention.

Class IIb
The benefit of primary PCI for STEMI patients eligi-
ble for fibrinolysis when performed by an operator
who performs fewer than 75 procedures per year (or
fewer than 11 PCIs for STEMI per year) is not well
established. (Level of Evidence: C)

Class IIT

It is not recommended that elective PCI be performed
by low-volume operators (fewer than 75 procedures
per year) at low-volume centers (200 to 400) with or
without onsite cardiac surgery (310,312). An institu-
tion with a volume of fewer than 200 procedures per
year, unless in a region that is underserved because of
geography, should carefully consider whether it
should continue to offer this service. (Level of
Evidence: B)

Operator and Institution Volume-Outcome
Relationships

Threshold activity level standards for institutions and opera-
tors have been particularly controversial. Such standards are
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derived from the principle that proper skill maintenance
requires a requisite activity level. It is logical that both a
threshold experience and an ongoing activity level are nec-
essary to achieve and maintain requisite proficiency in PCL.

Standards originally formulated for the earliest versions of
these guidelines were based on opinion (Level of Evidence:
C) drawing on the well-documented existence of volume-
outcome relationships for other complex surgical procedures.
Initially, a panel of experts identified a threshold activity
level of 75 procedures per year as necessary for maintenance
of competence in PCI (313). Subsequent studies of PCI con-
tinue to identify annual procedural volume both at the pro-
gram level and at the operator level as strongly correlated
with complication rates. Most studies’ findings are consistent
with the operator threshold of 75 procedures per year (47,
306,309,314-320).

Most studies of the PCI volume-outcome relationship focus
on mortality and emergent bypass surgery as quality-deter-
mining outcome variables. These variables, while important,
encompass only a portion of the overall quality determinants
for PCIL.

McGrath et al. examined volume outcome relationships
using procedures performed on 167208 Medicare recipients
in 1997 (321). Procedures performed by low-volume physi-
cians (fewer than 30 Medicare procedures per year) had a
greater emergency CABG rate (2.25%) than procedures per-
formed by high-volume physicians (more than 60 Medicare
procedures per year; 1.55%, P less than 0.001). An increased
30-day mortality rate was found for low-volume programs
(fewer than 80 Medicare procedures per year) versus high-
volume programs (more than 160 Medicare procedures per
year; 4.29% vs 3.15%, P less than 0.001).

Kimmel et al., using data from the SCAI, found that an
inverse relationship existed between the number of angio-
plasty procedures performed at a hospital and the rate of
major complications (315). These results were risk stratified
and independent of the patient-risk profile. Significantly
fewer complications occurred in laboratories that performed
at least 400 angioplasty procedures per year.

Jollis et al. found that low-volume hospitals were associat-
ed with higher rates of emergency coronary artery bypass
surgery and death (316). Improved outcomes were identified
with a threshold volume of 75 Medicare angioplasties per
physician and 200 Medicare angioplasty procedures per hos-
pital. Using a 35% to 50% ratio of Medicare patients, the
threshold value was 150 to 200 angioplasty procedures per
cardiologist and 400 to 600 angioplasty procedures per insti-
tution (322).

Epstein et al., using an administrative data set, analyzed
risk-adjusted mortality in 362748 admissions to 1000 United
States hospitals between 1997 and 2000 during which a PCI
was performed (323). They found a consistent trend of
decreasing risk-adjusted mortality with increasing hospital
volume. The differences between groups were small, and
there was considerable heterogeneity within groups, which
indicates that hospital volume is not the sole determinant of
outcome.
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Other studies have also supported the relationship of com-
plication rate to procedural volume (47,306,314). Although
some investigators have suggested that low procedure vol-
ume does not contribute to poor outcomes (44,309), these
studies are small in number and underpowered for analysis
(318).

Progress in technique and instrumentation has reduced
absolute complication rates, which makes the procedure
safer and more effective. This has fueled the opinion that the
volume-outcome relationship has weakened, justifying advo-
cacy that PCI be diffused to smaller-volume institutions and
lower-volume operators. Although it is possible to consider
earlier studies anachronistic because of the lack of availabil-
ity of coronary stents and other adjunctive therapies, studies
based on data sets accumulated in the stent era continue to
show a volume-outcome relationship (albeit with lower
absolute event rates).

Brown evaluated the outcomes of PCI at all hospitals in
California in 1997 (324). Mortality for PCI in which a stent
was used was 1.5% in hospitals performing fewer than 400
procedures per year compared with 1.1% in hospitals per-
forming more than 400 procedures per year. The rate of
emergent CABG was 1.2% in hospitals performing fewer
than 400 procedures per year compared with 0.8% in hospi-
tals that performed more than 400 procedures per year.

Moscucci et al. studied the outcomes of 18 504 consecutive
PClIs performed at 14 hospitals in Michigan in 2002 (325).
Operator volume was divided in quintiles (1-33, 34-89, 90-
139, 140-206, and 207-582 procedures per year). The pri-
mary end point was a composite of MACE including death,
CABG stroke or TIA, MI, and repeat PCI at the same site
during the index hospitalization. The unadjusted MACE rate
was significantly higher in quintiles 1 and 2 of operator vol-
ume than in quintile 5 (7.38% and 6.13% vs 4.15%, P equals
0.002 and P equals 0.0001, respectively). A similar trend was
observed for in-hospital death. After adjustment for comor-
bidities, patients treated by low-volume operators had a 63%
increased odds of MACE (adjusted odds ratio [OR] 1.63,
95% CI 1.29-2.06, P less than 0.0001 for quintile 1; adjusted
OR 1.63,95% CI 1.34-1.90, P less than 0.0001 for quintile 2
vs quintile 5) but not of in-hospital death. Overall, high-vol-
ume operators had better outcomes than low-volume opera-
tors in both low-risk and high-risk patients (325).

Distinction Between Elective PCI and
Primary PCI for STEMI

Elective PCI and primary PCI for STEMI are different,
although related, disciplines. Experience in elective PCI
translates only partially to experience with primary PCI for
STEMI. Throughout this guideline, a distinction is drawn
between primary PCI, which is performed under emergency
circumstances, and all other PCI procedures, which are
included under the term ‘“elective.” The volume-outcome
relationship exists for both elective procedures and primary
angioplasty for STEMI (326-328) but has important differ-
ences. Available data indicate that the best results are
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obtained by operators who are highly experienced both in
elective PCI and in primary PCI for STEMI who work in
institutions that have established an active program for per-
forming primary PCI for STEMI.

Operator experience in elective PCI is not sufficient to con-
fer expertise in primary PCI for STEMI. This finding is not
surprising, because there are aspects of procedure conduct
that are unique to primary PCI for STEMI.

Vakili et al., analyzing primary PCI procedures for STEMI
performed in New York State, found no relationship between
physician total angioplasty procedure volume and mortality
after primary PCI for STEMI but did find an association
between an operator’s primary PCI activity level and the out-
come of primary PCI for STEMI that was independent of the
operator’s experience in elective PCI (328,329). Low-vol-
ume physicians, who performed 1 to 10 primary PCI proce-
dures per year, had an unadjusted mortality rate of 7.1%
compared with 3.8% for physicians who performed 11 or
more primary PCI procedures per year.

Magid et al. analyzed the National Registry of Myocardial
Infarction (NRMI) database and grouped acute-care hospi-
tals by volume tertiles of primary PCI for STEMI procedures
(327). They found a reduction in risk-adjusted mortality with
increasing hospital volume of PCIL: low volume (fewer than
16 procedures), 6.2%; intermediate volume (17 to 48 proce-
dures), 4.5%; and high volume (more than 49 procedures),
3.4% (327). Canon et al. analyzed or reviewed 20080 con-
secutive patients with STEMI in the NRMI-2 database (330).
A multivariate model was used to show that overall adjusted
mortality was lower as volume increased, with the greatest
reduction in mortality occurring at hospitals performing
more than 3 angioplasties per month (330). Different studies
identified different cutpoints. The relationship between the
studies is graded, and the individual cutpoints are artifacts of
analysis methodology.

Vakili et al. found a doubling of mortality in STEMI
patients who underwent PCI in hospitals that performed
fewer than 400 total PCI procedures per year compared with
hospitals that performed more than 400 (8.1% vs 4.3%)
(329). Furthermore, they found that high-volume hospitals
that performed more than 56 primary PCI procedures per
year had a nonsignificant trend toward a lower crude mortal-
ity rate (4.0% vs 5.8%), with a multivariate OR for mortali-
ty of 0.53 (0.29 to 1.1). The best outcomes were achieved by
high-volume physicians working in high-volume hospitals
(crude mortality rate 3.7% compared with 7.1% for low-vol-
ume physicians in low-volume hospitals; adjusted relative
risk 0.51, 95% CI1 0.26 to 0.99).

Canto et al. (331) also found a graded relationship between
hospital volume and mortality after PCI for STEMI. The
highest quartile of hospital volume performed more than 33
primary PClIs for STEMI per year and achieved a 28% reduc-
tion in mortality compared with the lowest-volume hospitals.
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Appropriateness of Activity Levels as a
Surrogate for Quality

The documented relationships between activity level and
outcome are statistical associations, and activity level is not
a surrogate for quality. The heterogeneity within hospital
volume groups found by Epstein et al. (323) validates that
activity level is an incomplete surrogate for quality. An activ-
ity level above a threshold value does not guarantee good
quality, and an activity level below a threshold value may not
necessarily indicate lower quality. Thus, high-volume opera-
tors and institutions are not necessarily of uniformly high
quality, and low-volume operators and institutions are not,
by definition, poor.

However, an activity level below a threshold necessarily
raises the question of whether an operator or institution has
sufficient ongoing experience to maintain expertise and
skills. In particular, it is plausible that an operator or institu-
tion that is below a threshold activity level cannot accrue the
necessary ongoing experience to perform complex proce-
dures skillfully, to acquire experience with new techniques
and devices, and to respond effectively to adverse and emer-
gency situations. The emergency response consideration is
particularly relevant, because the likelihood of a serious
complication cannot be predicted from patient baseline char-
acteristics.

Quality Assessed by Outcomes: Statistical Power
Considerations and the Importance of Case Reviews

The quality of both institutions and operators should ulti-
mately be judged through the quality-assessment process as
outlined in Section 4.1. Because expected adverse event rates
are low, a large number of procedures are required to achieve
the requisite statistical power to assign an interpretable con-
fidence interval to an operator’s or a program’s adverse event
rate estimate. Furthermore, adverse event rates cannot be
interpreted without appropriate risk adjustment.

The first approximation in assessing an operator’s or a pro-
gram’s quality is to compare the actual adverse event rate to
an expected rate as predicted by an accepted risk-prediction
model (ACC-NCDR® model or Dynamic Registry model).
Calculation of an expected adverse event rate can be con-
ducted by entering the characteristics of the group of patients
treated into the model. The model yields an expected adverse
event rate with confidence intervals that can then be com-
pared with the actual event rate. Interpretation of the expect-
ed adverse event rate is complex because of the precision of
the estimate. An arbitrary criterion will need to be applied to
determine whether a particular actual adverse event rate is an
outlier when compared with the expected event rate. For
example, 50% of operators may be expected to have an
adverse event rate above the expected value purely by
chance. Thus, merely being above the predicted mean value
does not automatically identify an operator or a program as
an outlier.
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Figure 3. Plot of an actual adverse event rate of 2% over a procedure number range from 25 to 400. The horizontal line at 0.02 rep-
resents the actual adverse event rate. The curved lines above and below the horizontal line represent the upper and lower bounds
of the 95% confidence interval of the estimate of the adverse event rate. Note that as the number of procedures decreases, the
range between the upper and lower bounds increases, which indicates lack of stability of any adverse event rate estimate at pro-

cedure numbers below 200.

Furthermore, valid assessment of an operator’s or an insti-
tution’s actual adverse event rate becomes problematic if the
number of procedures available for analysis is small. The sta-
tistical basis for this issue is illustrated in Figures 3 and 4.

Figure 3 plots the upper and lower 95% CI bounds of an
observed adverse event rate of 2% (1 adverse event per 50
procedures) as a function of the number of procedures avail-
able for analysis. It demonstrates that if only 50 cases are
available, the upper bound of the confidence interval is

10.6%. Thus, if 50 cases are performed with 1 adverse event,
it is possible that the true adverse event rate is as high as
10.6%. However, it is also possible that it is as low as 0.05%.
The upper-bound value decreases as the number of cases
increases such that if 400 cases are available, it is only 3.9%.

If only a small number of cases are available, even if no
adverse events occur, it may be difficult to exclude that an
increased risk of adverse events exists. Figure 4 plots the
upper bound of the 95% CI for very low numbers of cases
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Figure 4. Plot of an actual complication rate of 0% over a procedure number range from 10 to 100. The format is similar to Figure
3. The horizontal line at O represents the actual complication rate. The curved line above the horizontal line represents the upper
bound of the 95% confidence interval of the estimate of the complication rate. Note that if 50 procedures are performed without a
complication, the upper bound of the 95% confidence interval of the estimated rate is 6%.
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performed with a zero adverse event rate. It demonstrates
that if 10 consecutive cases are performed without a compli-
cation, the upper bound of the 95% CI is 25%. If 50 cases
are performed without an adverse event, the upper bound is
5.8%.

Thus, although it is likely that certain low-volume opera-
tors and institutions perform procedures with acceptable
quality, satisfactory quality is difficult to prove unless a suf-
ficient number of procedures are compiled for analysis. The
quality-assessment process must take the above issues into
consideration. This means that it is essential that institution
and operator outcomes be tracked over sufficiently long
periods of time to assemble a sufficient number of proce-
dures to permit a satisfactory analysis.

In addition, mere tabulation of adverse event rates, even
with appropriate risk adjustment, is inadequate to judge
operator or program quality. Such tabulations do not address
numerous other quality issues, in particular, appropriateness.
Thus, the quality-assessment process should also conduct
detailed reviews both of cases that have adverse outcomes
(to determine the cause(s) of the adverse event) and of
uncomplicated cases (to judge case selection appropriate-
ness and procedure execution quality). These reviews should
be conducted by recognized experienced interventionalists
drawn either from within the institution or externally if a
requisite number of appropriately qualified, unconflicted
individuals are not available.

Role of Low-Volume PCI Programs

There is an ongoing debate as to whether PCI services
should be diffused widely to be available in most healthcare
institutions or whether the service should be regionalized
and concentrated in specialized high-volume centers. Given
the widespread availability of sophisticated interventional/
surgical programs in the United States, it is difficult to
demonstrate a need for additional low-volume programs to
perform elective angioplasty except in underserved areas
that are geographically distant from major centers. At this
writing, outcome data that link activity level to outcomes
indicate that the development of small cardiovascular surgi-
cal programs to support angioplasty is a poor use of
resources that will likely lead to suboptimal results (320). In
general, the proliferation of small angioplasty or small sur-
gical programs to support such angioplasty programs is not
needed to improve patient access to PCI services and would
appear not to be in the interest of fostering optimal quality;
thus, it should be discouraged. An exception to this principle
should be when geographic considerations become impor-
tant determinants of patient access.

These data support the conclusion that not every cardiolo-
gist desiring to perform PCI should perform these proce-
dures, and not every hospital that would like to have an
interventional program should start one (322). This caveat is
particularly true where high-volume programs and operators
are already nearby.
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The Writing Committee, therefore, recommends that elec-
tive PCI be performed by higher-volume operators (75 cases
per year) with advanced technical skills (e.g., subspecialty
certification) at institutions with fully equipped interven-
tional laboratories and an experienced support staff. This
setting is optimally a high-volume center (more than 400
cases per year) with an onsite cardiovascular surgical pro-
gram (332).

It is recommended that primary PCI for STEMI be per-
formed by higher-volume operators experienced in both
elective PCI and primary PCI for STEMI with ongoing
activity levels of more than 75 elective PCI procedures per
year and, ideally, annual PCI for STEMI activity levels of at
least 11 per year. It is clear that an effective PCI for STEMI
program, irrespective of whether cardiac surgery is available
onsite, requires appropriate physician operator expertise,
appropriate institutional commitment, and the achievement
of the requisite utilization levels. The nursing and technical
catheterization laboratory staff must be experienced in han-
dling acutely ill patients, must be skilled in all aspects of
interventional equipment, and must participate in a 24-
hours-per-day, 365-days-per-year call schedule. Ideally,
these procedures should be performed in institutions that
perform more than 400 elective PCIs per year and more than
36 primary PCIs for STEMI per year and that achieve risk-
adjusted outcomes that are comparable to national bench-
mark standards.

The Writing Committee cannot recommend angioplasty by
low-volume operators (fewer than 75 cases per year) work-
ing in low-volume institutions (200 to 400 cases per year)
with or without onsite surgical coverage. As noted earlier,
ongoing investigational experience and clinical data are
mandatory if these recommendations are to be modified.
Any change in this recommendation awaits further data
assessing the safety and outcomes for patients treated in var-
ious settings.

4.3. Role of Onsite Cardiac Surgical Back-Up

Class I

1. Elective PCI should be performed by operators with
acceptable annual volume (at least 75 procedures per
year) at high-volume centers (more than 400 proce-
dures annually) that provide immediately available
onsite emergency cardiac surgical services. (Level of
Evidence: B)

2. Primary PCI for patients with STEMI should be per-
formed in facilities with onsite cardiac surgery. (Level
of Evidence: B)

Class IIT
Elective PCI should not be performed at institutions
that do not provide onsite cardiac surgery. (Level of
Evidence: C)*

*Several centers have reported satisfactory results based on careful
case selection with well-defined arrangements for immediate trans-
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fer to a surgical program (333-337,348-353). A small, but real frac-
tion of patients undergoing elective PCI will experience a life-threat-
ening complication that could be managed with the immediate onsite
availability of cardiac surgical support but cannot be managed effec-
tively by urgent transfer. Wennberg, et al., found higher mortality in
the Medicare database for patients undergoing elective PCI in insti-
tutions without onsite cardiac surgery (356). This recommendation
may be subject to revision as clinical data and experience increase.

The purpose of cardiac surgical backup for PCI is to pro-
vide emergent hemodynamic support and revascularization
to salvage complications that cannot be addressed by
catheter-based techniques. PCI can be complicated by life-
threatening hemodynamic and ischemic emergencies that
can be addressed only by the availability of emergency car-
diac surgery. The role of onsite cardiac surgical backup is 2-
fold: onsite cardiac surgical backup provides prompt avail-
ability of cardiac surgical support in the event of a hemody-
namic or ischemic emergency, and onsite cardiac surgical
backup is a surrogate for an institution’s overall capability to
provide a highly experienced and promptly available team to
respond to a catheterization laboratory emergency.

Cardiac surgical backup for PCI has evolved from a formal
surgical standby in the 1980s to an informal arrangement of
first-available operating room and, in some cases, off-site
surgical backup (44,333-337). With the advent of intracoro-
nary stenting, there has been a decrease in the need for emer-
gency CABG ranging between 0.4% and 2% (49,305,338-
342). Not surprisingly, emergency CABG surgery for a
patient with an occluded or dissected coronary artery is asso-
ciated with a higher mortality than elective surgery (146,343-
347). Emergency procedures are also associated with high
rates of perioperative infarction and less frequent use of arte-
rial conduits. Complex CAD intervention, hemodynamic
instability, and prolonged time to reperfusion are contribut-
ing factors to the increased risk of emergency bypass surgery.

Technical improvements in PCI instruments and technique
have led to the concept that the requirement for emergency
cardiac surgery is sufficiently rare that PCI can be performed
safely without onsite surgery. This has led to the develop-
ment of elective angioplasty programs without onsite surgi-
cal coverage. Several centers have reported satisfactory
results based on careful case selection with well-defined
arrangements for immediate transfer to a surgical program
(333-337,348-352). These studies of angioplasty without
onsite surgical coverage have not identified significant dif-
ferences in the outcomes, which recalls the infrequent rate of
complications (353). Despite many reported successful
angioplasty series without onsite surgical backup and a very
low percentage of need for off-site surgery in failed angio-
plasty, some clinicians have expressed concern (354,355)
about the appropriateness of elective angioplasty in centers
without onsite surgical coverage.

Even with current interventional techniques, life-threaten-
ing complications requiring surgical intervention still occur.
Such complications include left main coronary dissection,
spiral coronary trunk dissection, and coronary perforation.
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Many emergency surgery patients did not receive a coronary
stent, which indicates that either a stent delivery was not fea-
sible or a stent would not solve the problem that required
surgical intervention. Data from the ACC-NCDR® indicate
that PCI programs staffed by highly experienced practition-
ers still experience a 0.4% likelihood of a patient requiring
emergency cardiac surgery for a complication that developed
during a procedure. Roughly half of patients who require
emergency surgery are severely hemodynamically unstable
at the time of transfer to the operating room. Furthermore,
analyses of series of patients requiring emergency cardiac
surgery indicate that patient baseline characteristics do not
predict the risk of the need for emergency surgery (305,342).

It has been argued that a well-planned strategy to provide
rapid transfer to a surgical center in the event of a complica-
tion is tantamount to providing onsite surgical backup sup-
port. Such strategies are unrealistic because they are logisti-
cally difficult to achieve and require that a critically ill
patient be transported outside of a hospital environment, pos-
sibly without a physician in attendance. Furthermore, if an
institution without cardiac surgery is sufficiently close to one
that provides surgery to permit sufficiently timely transfer,
there is little justification for not transferring the patient elec-
tively in the first place.

Although individual programs have reported successful
results, the national experience with PCI programs at institu-
tions that do not offer onsite cardiac surgery has been less
satisfactory. Wennberg et al. (356) analyzed the Medicare
database for a 2-year period from 1999 to 2001 (when stents
and IIb/I1a inhibitors were in widespread use). They identi-
fied 178 hospitals without onsite cardiac surgical facilities
and 943 hospitals with onsite cardiac surgery that performed
PCI during that period. After adjusting for baseline differ-
ences, they found similar mortality rates in patients who
underwent primary PCI for STEMI. However, for the larger
nonprimary/rescue PCI population, mortality was higher in
hospitals without onsite cardiac surgery (adjusted OR 1.38;
95% CI 1.14 to 1.67; P equals 0.001). This increase in mor-
tality was primarily confined to hospitals that performed 50
or fewer Medicare PCIs per year. This experience is consis-
tent with the concept that expansion of PCI services outside
of large, full-service centers creates small, low-volume pro-
grams with inadequate infrastructure that are not able to per-
form PCI at the same level of sophistication and quality that
a larger institution can.

This Writing Committee concludes that performance of
elective PCI in a setting without immediately available
onsite cardiac surgery potentially compromises patient safe-
ty and is not recommended. Although the frequency of PCI
complications for which the outcome is favorably affected by
prompt surgery is small, it is nonetheless finite.
Consequently, performance of PCI in such a setting exposes
the patient to a small but very real additional and medically
unnecessary risk. In addition, an institution without an estab-
lished cardiac surgery program is likely to be a low-volume
institution less able to offer as high quality PCI service as a
larger, full-service institution. Therefore, at this time, the
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Writing Committee continues to support the recommenda-
tion that elective PCI should not be performed in facilities
without onsite cardiac surgery. Mere convenience should not
replace safety and efficacy in establishing an elective PCI
program without onsite surgery. As with many dynamic areas
in interventional cardiology, these recommendations may be
subject to revision as clinical data and experience increase.

4.4. Primary PCI for STEMI Without
Onsite Cardiac Surgery

Class IIb

Primary PCI for patients with STEMI might be con-
sidered in hospitals without onsite cardiac surgery,
provided that appropriate planning for program
development has been accomplished, including appro-
priately experienced physician operators (more than
75 total PClIs and, ideally, at least 11 primary PClIs per
year for STEMI), an experienced catheterization team
on a 24 hours per day, 7 days per week call schedule,
and a well-equipped catheterization laboratory with
digital imaging equipment, a full array of interven-
tional equipment, and intra-aortic balloon pump
capability, and provided that there is a proven plan
for rapid transport to a cardiac surgery operating
room in a nearby hospital with appropriate hemody-
namic support capability for transfer. The procedure
should be limited to patients with STEMI or MI with
new or presumably new left bundle-branch block on
ECG and should be performed in a timely fashion
(goal of balloon inflation within 90 minutes of presen-
tation) by persons skilled in the procedure (at least 75
PCIs per year) and at hospitals performing a mini-
mum of 36 primary PCI procedures per year. (Level of
Evidence: B)

Class IIT
Primary PCI should not be performed in hospitals
without onsite cardiac surgery and without a proven
plan for rapid transport to a cardiac surgery operat-
ing room in a nearby hospital or without appropriate
hemodynamic support capability for transfer. (Level
of Evidence: C)

Fibrinolytic trials in STEMI have demonstrated that early
reperfusion saves myocardium and reduces mortality (357-
360). Randomized trials comparing primary PCI for STEMI
have shown that primary PCI performed by a highly experi-
enced team achieves superior results. Primary PCI, com-
pared with fibrinolytic therapy, has achieved modest reduc-
tions in overall mortality, but its overall benefit is chiefly
leveraged by a reduction in early recurrent ischemic events
(361-364).

In patients who have a contraindication to fibrinolytic ther-
apy, or when there are complications such as cardiogenic
shock, catheter-based therapy may limit infarct size
(365,366). Thus, the potential overall superiority and greater
applicability of primary PCI for the treatment of STEMI has
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raised the question of whether primary PCI should be per-
formed at institutions with diagnostic cardiac catheterization
laboratories that do not perform elective PCI or have onsite
cardiac surgery. For this reason, the establishment of PCI
programs at institutions without onsite cardiovascular sur-
gery has been promoted as necessary to maintain quality of
care (333-335,367-376).

PCI in the early phase of a STEMI requires a cognitive
knowledge base and technical skill set that is somewhat dif-
ferent from that required to perform elective PCI. Primary
PCI for STEMI can be technically difficult and requires even
more skill and experience than routine PCI in the stable
patient. The linkage between experience in performing elec-
tive PCI and primary PCI is incomplete (328). A successful
primary PCI program requires an experienced operator and
an experienced laboratory technical staff accustomed to
managing critically ill patients (377). In addition, it is neces-
sary to have available a broad range of catheters, guidewires,
stents, and other devices (e.g., IABP) that are required to
achieve results in an acutely ill patient (Table 15) (368).

Observational data from large, multi-institutional data sets
have demonstrated that patients with STEMI who are treated
with primary PCI performed by interventionalists with limit-
ed experience at institutions with low volume experience
outcomes comparable to those achieved by fibrinolytic ther-
apy (331). Thus, the benefits of primary PCI for STEMI
require the infrastructure of a well-organized program with
requisite experience and capabilities. In the absence of such
capabilities, either onsite fibrinolytic therapy or transfer to a
center that routinely performs complex PCI will often be a
more effective and efficient course of action (123). The
Danish Myocardial Infarction Study (DANAMI-2) demon-
strated superior results in patients with STEMI who were
urgently transferred to an experienced PCI center compared
with those for whom fibrinolytic therapy was administered
locally. In addition, the results in patients emergently trans-
ferred for primary PCI were comparable to those achieved in
patients receiving primary PCI who initially presented to the
PCI center institution (378). Nonetheless, fibrinolysis
remains an acceptable form of therapy (379) and is likely
preferable to acute PCI by an inexperienced team (62,379).

There are important institutional considerations in creating
an effective program of primary PCI for STEMI. An institu-
tion must commit its catheterization facility to be capable of
a 24-hours-per-day, 7-days-per-week rapid response to a
patient presenting with STEMI. In addition, the institution’s
catheterization facility staff must be sufficiently trained and
experienced in the management of the seriously ill patient
with STEMI. In general, this means that the institution best
positioned to provide effective PCI for STEMI is the institu-
tion with an active high-quality elective PCI program.

It has been demonstrated that institutions without an elec-
tive PCI program that care for a large number of patients
with STEMI can create high-quality programs of PCI for
STEMI. These programs require the 24-hours-per-day, 7-
days-per-week availability of experienced interventionalists
and an institutional commitment to invest in the physical and
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Table 15. Criteria for the Performance of Primary PCI at Hospitals Without On-Site Cardiac Surgery

The operators must be experienced interventionalists who regularly perform elective PCI at a surgical center (greater than
or equal to 75 cases per year). The catheterization laboratory must perform a minimum of 36 primary PCI procedures per

year.

The nursing and technical catheterization laboratory staff must be experienced in handling acutely ill patients and must be
comfortable with interventional equipment. They must have acquired experience in dedicated interventional laboratories
at a surgical center. They participate in a 24-hours-per-day, 365-days-per-year call schedule.

The catheterization laboratory itself must be well-equipped, with optimal imaging systems, resuscitative equipment, and
IABP support, and must be well-stocked with a broad array of interventional equipment.

The cardiac care unit nurses must be adept in hemodynamic monitoring and IABP management.

The hospital administration must fully support the program and enable the fulfillment of the above institutional require-

ments.

There must be formalized written protocols in place for immediate and efficient transfer of patients to the nearest cardiac
surgical facility that are reviewed/tested on a regular (quarterly) basis.

Primary PCI must be performed routinely as the treatment of choice around the clock for a large proportion of patients
with AMI, to ensure streamlined care paths and increased case volumes.

Case selection for the performance of primary PCI must be rigorous. Criteria for the types of lesions appropriate for pri-
mary PCI and for the selection for transfer for emergency aortocoronary bypass surgery are shown in Table 14.

There must be an ongoing program of outcomes analysis and formalized periodic case review.

Institutions should participate in a 3- to 6-month period of implementation, during which time development of a formal-
ized primary PCI program is instituted that includes establishment of standards, training of staff, detailed logistic devel-
opment, and creation of a quality-assessment and error-management system.

AMI indicates acute myocardial infarction; IABP, intra-aortic balloon pump; and PCI, percutaneous coronary intervention.
Adapted with permission from Wharton et al. ] Am Coll Cardiol 1999;33:1257-65 (368).

cognitive resources needed to support a high-quality pro-
gram. The feasibility of such an undertaking was first
demonstrated by Wharton et al. in a 2-center study (368) and
subsequently confirmed in multicenter studies by Aversano
et al. (380) and Wharton et al. (375).

Before the use of stenting and GP receptor blockers, pri-
mary angioplasty in certain hospitals had been associated
with acute mortality rates greater than those reported from
centers with established primary angioplasty programs.
Overall, in-hospital mortality rates have ranged from 1.4% to
13% (334,335,370).

Criteria have been suggested for the performance of pri-
mary PCI at hospitals without onsite cardiac surgery (Tables
15 and 16) (319,368,381). Of note, large-scale registries have
shown an inverse relationship between the number of pri-
mary angioplasty procedures performed and in-hospital mor-
tality (321,327,331). These data suggest that both door-to-
balloon time and in-hospital mortality are significantly lower
in institutions that perform more than 36 primary angioplas-
ty procedures per year (330). It is important to point out that
these data were achieved in hospitals with established elec-
tive PCI programs, and the numerical data may not extrapo-
late directly to hospitals that perform only primary PCI.

As an alternative to establishing numerous freestanding,
modest-sized, primary PCl-only programs, a community

may choose to concentrate PCI in a subset of its healthcare
institutions, identifying well-qualified and experienced cen-
ters to perform this procedure. Suboptimal results may relate
to operator/staff inexperience and capabilities and delays in
performing angioplasty for logistical reasons (382).

From clinical data and expert consensus, the Writing
Committee recommends that primary PCI for STEMI per-
formed at hospitals without established elective PCI pro-
grams be restricted to those institutions capable of perform-
ing a requisite minimum number of primary angioplasty pro-
cedures (36 per year) by highly experienced operators after
careful program development according to the procedures
used by the C-PORT (Cardiovascular Patient Outcomes
Research Team trial) and PAMI-No SOS (PAMI with No
Surgery On Site) studies, including a proven plan for rapid
and effective PCI and rapid access to cardiac surgery in a
nearby facility (383). Although some experience suggests
that an institution can develop an effective stand-alone pri-
mary PCI program, currently available data also indicate that
concentration rather than diffusion of this capability will pro-
vide the most effective patient care. Thus, a strategy of emer-
gency transfer to an established center with a well-developed
primary PCI program is preferred to the development of new
freestanding primary PCI programs.
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Table 16. Patient Selection for Primary PCI and Emergency
Aortocoronary Bypass at Hospitals Without On-Site Cardiac Surgery

Avoid intervention in hemodynamically stable patients with:
Significant (greater than or equal to 60%) stenosis of an unprotected
left main coronary artery upstream from an acute occlusion in the
left coronary system that might be disrupted by the angioplasty
catheter

Extremely long or angulated infarct-related lesions with TIMI grade
3 flow

Infarct-related lesions with TIMI grade 3 flow in stable patients with
3-vessel disease (319, 381)

Infarct-related lesions of small or secondary vessels

Hemodynamically significant lesions in other than the infarct artery

Transfer for emergency aortocoronary bypass surgery patients
with:
High-grade residual left main or multivessel coronary disease and
clinical or hemodynamic instability present after primary PCI of
occluded vessels, preferably with IABP support.

TABP indicates intra-aortic balloon pump; PCI, percutaneous coronary intervention; and
TIMI, Thrombolysis In Myocardial Infarction.

Adapted with permission from Wharton et al. ] Am Coll Cardiol 1999;33:1257-65 (368).

4.5. Elective PCI Without Onsite Surgery

Class IIT
Elective PCI should not be performed at institutions
that do not provide onsite cardiac surgery. (Level of
Evidence: C)*

*Several centers have reported satisfactory results based on careful
case selection with well-defined arrangements for immediate transfer
to a surgical program (333-337,348-353). A small, but real fraction of
patients undergoing elective PCI will experience a life-threatening
complication that could be managed with the immediate onsite avail-
ability of cardiac surgical support but cannot be managed effectively
by urgent transfer. Wennberg et al., found higher mortality in the
Medicare database for patients undergoing elective PCI in institu-
tions without onsite cardiac surgery (356). This recommendation
may be subject to revision as clinical data and experience increase.

Technical improvements in interventional cardiology have
led to the development of elective angioplasty programs
without onsite surgical coverage. Several centers have
reported satisfactory results based on careful case selection
with well-defined arrangements for immediate transfer to a
surgical program (333-337,348-353). The studies of angio-
plasty without onsite surgical coverage have not identified
significant differences in outcomes, which recalls the infre-
quent rate of complications (353). Despite many reported
successful angioplasty series without onsite surgical backup
and a very low percentage need for off-site surgery in failed
angioplasty, some clinicians have expressed concern
(354,355) about the appropriateness of elective angioplasty
in centers without onsite surgical coverage. Life-threatening
complications of elective PCI are, fortunately, rare but have
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not been reduced to negligible levels. A small but valid frac-
tion of patients undergoing elective PCI will experience a
life-threatening complication that could be managed with the
immediate onsite availability of cardiac surgical support but
cannot be managed effectively by urgent transfer. Lotfi et al.
reported the experience of a large, high-quality coronary
interventional center (384). Of 6582 PCI procedures per-
formed between 1996 and 2000, 45 (0.7%) required emer-
gency cardiac surgery. Of the 45 patients, 11 (0.2%) required
truly emergent surgery because they were too unstable to tol-
erate an interhospital transfer. Thus, under the best of cir-
cumstances 1 in 500 patients undergoing elective PCI will
experience a life-threatening complication that can be sal-
vaged by immediate access to onsite cardiac surgery. As pre-
viously noted, Section 4.4, Wennberg, et al., found higher
mortality in the Medicare database for patients undergoing
elective PCI in institutions without onsite cardiac surgery
(356). Furthermore, the availability of onsite cardiac surgery
is a surrogate for overall program size and capability, as well
as for the availability of many other experienced support
services.

Caution is warranted before an unrestricted policy for PCI
in hospitals without appropriate facilities is endorsed.
Several outstanding and critically important clinical issues,
such as timely management of ischemic complications, ade-
quacy of specialized postinterventional care, logistics for
managing cardiac surgical or vascular complications and
operator/laboratory volumes, and accreditation, must be
addressed. Mere convenience should not replace safety and
efficacy in the establishment of an elective PCI program
without onsite surgery.

At this time, the Writing Committee, therefore, continues
to support the recommendation that elective PCI should not
be performed in facilities without onsite cardiac surgery. As
with many dynamic areas in interventional cardiology, these
recommendations may be subject to revision as clinical data
and experience increase.

S. CLINICAL PRESENTATIONS

A broad spectrum of clinical presentations exists wherein
patients may be considered candidates for PCI, ranging from
asymptomatic to severely symptomatic or unstable, with
variable degrees of jeopardized myocardium. In this guide-
line, the CCS classification system for grading angina pec-
toris is used to summarize the severity of angina, as shown
below (Table 17) (385).

Each time a patient is considered for revascularization, the
potential risk and benefits of the particular procedure under
consideration must be weighed against alternative therapies
(Table 18). When PCI is considered, the benefits and risks of
surgical revascularization and medical therapy always
deserve thoughtful discussion with the patient and family.
The initial simplicity and associated low morbidity of PCI
compared with surgical therapy is always attractive, but the
patient and family must understand the limitations inherent
in current PCI procedures, including a realistic presentation
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Table 17. Grading of Angina Pectoris According to CCS
Classification

Class Description of Stage

I “Ordinary physical activity does not cause...angina,” such
as walking or climbing stairs. Angina occurs with strenuous,
rapid, or prolonged exertion at work or recreation.

II “Slight limitation of ordinary activity.” Angina occurs on
walking or climbing stairs rapidly; walking uphill; walking
or stair climbing after meals; in cold, in wind, or under emo-
tional stress; or only during the few hours after awaking.
Angina occurs on walking more than 2 blocks on the level
and climbing more than 1 flight of ordinary stairs at a nor-
mal pace and under normal conditions.

11 “Marked limitations of ordinary physical activity.” Angina
occurs on walking 1 to 2 blocks on the level and climbing1
flight of stairs under normal conditions and at a normal pace.

v “Inability to carry on any physical activity without discom-
fort—anginal symptoms may be present at rest.”

CCS indicates Canadian Cardiovascular Society.
Adapted with permission from Campeau. Circulation 1976;54:522-3 (385).

of the likelihood of restenosis and the potential for incom-
plete revascularization compared with CABG surgery. In
patients with CAD who are asymptomatic or have only mild
symptoms, the potential benefit of antianginal drug therapy
along with an aggressive program of risk reduction must also
be understood by the patient before a revascularization pro-
cedure is performed. In those clinical settings in which PCI
is recommended without evidence that it will reduce cardio-
vascular mortality but in which it does hold a promise to
reduce symptoms, a class Ila or IIb classification has been
chosen, which indicates a role for patient preference.

5.1. Patients With Asymptomatic Ischemia or
CCS Class I or Il Angina

Class Ila

1. PCI is reasonable in patients with asymptomatic
ischemia or CCS class I or II angina and with 1 or
more significant lesions in 1 or 2 coronary arteries
suitable for PCI with a high likelihood of success and
a low risk of morbidity and mortality. The vessels to
be dilated must subtend a moderate to large area of
viable myocardium or be associated with a moderate
to severe degree of ischemia on noninvasive testing.
(Level of Evidence: B)

2. PCI is reasonable for patients with asymptomatic
ischemia or CCS class I or II angina, and recurrent
stenosis after PCI with a large area of viable
myocardium or high-risk criteria on noninvasive test-
ing. (Level of Evidence: C)

3. Use of PCI is reasonable in patients with asympto-
matic ischemia or CCS class I or II angina with sig-
nificant left main CAD (greater than 50% diameter
stenosis) who are candidates for revascularization but
are not eligible for CABG. (Level of Evidence: B)
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Table 18. Provider Checklist: Key Areas for Consideration

Patients at High Risk
Assess key clinical and anatomic variables
Consider alternative therapies such as CABG in consultation with
the patient
Ensure that formalized surgical standby is available
Ensure periprocedural hemodynamic support is available

Patients at Low Risk
Assess key clinical and anatomic variables
Consider alternative therapies such as medical therapy in consulta-
tion with the patient

CABG indicates coronary artery bypass graft surgery.

Class IIb

1. The effectiveness of PCI for patients with asympto-
matic ischemia or CCS class I or II angina who have
2- or 3-vessel disease with significant proximal LAD
CAD who are otherwise eligible for CABG with 1
arterial conduit and who have treated diabetes or
abnormal LV function is not well established. (Level of
Evidence: B)

2. PCI might be considered for patients with asympto-
matic ischemia or CCS class I or II angina with non-
proximal LAD CAD that subtends a moderate area of
viable myocardium and demonstrates ischemia on
noninvasive testing. (Level of Evidence: C)

Class IIT

PCI is not recommended in patients with asympto-

matic ischemia or CCS class I or II angina who do not

meet the criteria as listed under the class II recom-

mendations or who have 1 or more of the following:

a. Only a small area of viable myocardium at risk
(Level of Evidence: C)

b. No objective evidence of ischemia. (Level of
Evidence: C)

c. Lesions that have a low likelihood of successful
dilatation. (Level of Evidence: C)

d. Mild symptoms that are unlikely to be due to
myocardial ischemia. (Level of Evidence: C)

e. Factors associated with increased risk of morbidity
or mortality. (Level of Evidence: C)

f. Left main disease and eligibility for CABG. (Level
of Evidence: C)

g. Insignificant disease (less than 50% coronary
stenosis). (Level of Evidence: C)

In the previous ACC/AHA guidelines for PCI, specific rec-
ommendations were made separately for patients with sin-
gle-vessel or multivessel disease (1,123). The current tech-
niques of PCI have matured to the point at which, in patients
with favorable anatomy, the competent practitioner can per-
form either single-vessel or multivessel PCI with low risk
and with a high likelihood of initial success. For this reason,
in this update of the guidelines, recommendations have been
made largely based on the patient’s clinical condition, spe-
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cific coronary lesion morphology and anatomy, LV function,
and associated medical conditions, and less emphasis has
been placed on the number of lesions or vessels requiring
PCI. The CCS classification of angina (I to IV) is used to
define the severity of symptoms. The categories described in
this section refer to an initial PCI procedure in a patient with-
out prior CABG surgery. The randomized trials comparing
PCI and medical therapy have been discussed (Table 12)
(11,12,279,282-290).

The Writing Committee recognizes that the majority of
patients with CCS class I or II angina should be treated med-
ically. The published ACIP study (301) casts some doubt on
the wisdom of medical management for those higher-risk
patients who are asymptomatic or have mild angina but have
objective evidence by both treadmill testing and ambulatory
monitoring of significant myocardial ischemia and CAD. In
addition, a substantial portion of the middle-aged and older-
age populations in the United States remain physically
active, participating in sports, such as tennis and skiing, or
performing regular and vigorous physical exercise, such as
jogging, have CAD. For such individuals with moderate or
severe ischemia and few symptoms, revascularization with
PCI or CABG surgery may reduce their risk of serious or
fatal cardiac events (301). For this reason, patients in this cat-
egory of higher-risk asymptomatic ischemia or mild symp-
toms and severe anatomic CAD are placed in class Ila or IIb
recommendations. PCI may be considered if there is a high
likelihood of success and a low risk of morbidity or mortali-
ty. The judgment of the experienced physician is deemed
valuable in assessing the extent of ischemia.

5.2. Patients With CCS Class III Angina

Class Ila

1. It is reasonable that PCI be performed in patients
with CCS class III angina and single-vessel or multi-
vessel CAD who are undergoing medical therapy and
who have 1 or more significant lesions in 1 or more
coronary arteries suitable for PCI with a high likeli-
hood of success and low risk of morbidity or mortali-
ty. (Level of Evidence: B)

2. It is reasonable that PCI be performed in patients
with CCS class III angina with single-vessel or multi-
vessel CAD who are undergoing medical therapy with
focal saphenous vein graft lesions or multiple stenoses
who are poor candidates for reoperative surgery.
(Level of Evidence: C)

3. Use of PClI is reasonable in patients with CCS class IIT
angina with significant left main CAD (greater than
50% diameter stenosis) who are candidates for revas-
cularization but are not eligible for CABG. (Level of
Evidence: B)

Class IIb

1. PCI may be considered in patients with CCS class I1I
angina with single-vessel or multivessel CAD who are
undergoing medical therapy and who have 1 or more
lesions to be dilated with a reduced likelihood of suc-
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cess. (Level of Evidence: B)

2. PCI may be considered in patients with CCS class I1I
angina and no evidence of ischemia on noninvasive
testing or who are undergoing medical therapy and
have 2- or 3-vessel CAD with significant proximal
LAD CAD and treated diabetes or abnormal LV func-
tion. (Level of Evidence: B)

Class IIT

PCI is not recommended for patients with CCS class

III angina with single-vessel or multivessel CAD, no

evidence of myocardial injury or ischemia on objec-

tive testing, and no trial of medical therapy, or who
have 1 of the following:

a. Only a small area of myocardium at risk. (Level of
Evidence: C)

b. All lesions or the culprit lesion to be dilated with
morphology that conveys a low likelihood of suc-
cess. (Level of Evidence: C)

c. A high risk of procedure-related morbidity or mor-
tality. (Level of Evidence: C)

d. Insignificant disease (less than 50% coronary
stenosis). (Level of Evidence: C)

e. Significant left main CAD and candidacy for
CABG. (Level of Evidence: C)

The primary benefit of PCI among patients with CCS class
III angina and single-vessel or multivessel CAD resides in
the relief of symptoms, which may be accomplished with
medical therapy. However, many patients with moderate or
severe stable angina do not respond adequately to medical
therapy and often have significant coronary artery stenoses
that are suitable for revascularization with CABG surgery or
PCI. In addition, a proportion of these patients have reduced
LV systolic function, which places them in a group that is
known to have improved survival with CABG surgery and
possibly with revascularization by PCI (386-389). In patients
without diabetes with 1- or 2-vessel disease in whom angio-
plasty of 1 or more lesions has a high likelihood of initial
success, PCI is the preferred approach. In a minority of such
patients, CABG surgery may be preferred, particularly for
those in whom the LAD can be revascularized with the IMA
or in those with left main coronary disease. (See Section
3.5.1.2 on left main CAD.)

5.3. Patients With UA/NSTEMI

Class I

An early invasive PCI strategy is indicated for
patients with UA/NSTEMI who have no serious
comorbidity and coronary lesions amenable to PCIL.
Patients must have any of the following high-risk fea-
tures:

a. Recurrent ischemia despite intensive anti-ischemic

therapy. (Level of Evidence: A)

b. Elevated troponin level. (Level of Evidence: A)

c. New ST-segment depression. (Level of Evidence: A)
d. HF symptoms or new or worsening MR. (Level of
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Evidence: A)

e. Depressed LV systolic function. (Level of Evidence:
A)

f. Hemodynamic instability. (Level of Evidence: A)

g. Sustained ventricular tachycardia. (Level of
Evidence: A)

h. PCI within 6 months. (Level of Evidence: A)

i. Prior CABG. (Level of Evidence: A)

Class Ila

1. It is reasonable that PCI be performed in patients
with UA/NSTEMI and single-vessel or multivessel
CAD who are undergoing medical therapy with focal
saphenous vein graft lesions or multiple stenoses who
are poor candidates for reoperative surgery. (Level of
Evidence: C)

2. In the absence of high-risk features associated with
UA/NSTEM], it is reasonable to perform PCI in
patients with amenable lesions and no contraindica-
tion for PCI with either an early invasive or early
conservative strategy. (Level of Evidence: B)

3. Use of PCI is reasonable in patients with UA/NSTE-
MI with significant left main CAD (greater than 50 %
diameter stenosis) who are candidates for revascular-
ization but are not eligible for CABG. (Level of
Evidence: B)

Class IIb

1. In the absence of high-risk features associated with
UA/NSTEMLI, PCI may be considered in patients with
single-vessel or multivessel CAD who are undergoing
medical therapy and who have 1 or more lesions to be
dilated with reduced likelihood of success. (Level of
Evidence: B)

2. PCI may be considered in patients with UA/NSTEMI
who are undergoing medical therapy who have 2- or
3-vessel disease, significant proximal LAD CAD, and
treated diabetes or abnormal LV function. (Level of
Evidence: B)

Class IIT

In the absence of high-risk features associated with

UA/NSTEMI, PCI is not recommended for patients

with UA/NSTEMI who have single-vessel or multi-

vessel CAD and no trial of medical therapy, or who
have 1 or more of the following:

a. Only a small area of myocardium at risk. (Level of
Evidence: C)

b. All lesions or the culprit lesion to be dilated with
morphology that conveys a low likelihood of suc-
cess. (Level of Evidence: C)

c. A high risk of procedure-related morbidity or
mortality. (Level of Evidence: C)

d. Insignificant disease (less than 50% coronary
stenosis). (Level of Evidence: C)
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e. Significant left main CAD and candidacy for
CABG. (Level of Evidence: B)

Clinical investigations have evaluated the use of routine
catheterization and PCI for patients with UA or NSTEMI and
have yielded inconsistent results. TIMI-IIIB was the first
trial to compare strategies of routine catheterization and
revascularization in addition to medical therapy and selective
use of aggressive treatment. In TIMI-IIIB, there was no dif-
ference in the incidence of death or recurrent MI at 1 year
between the 2 strategies, but patients treated by the aggres-
sive strategy experienced less angina and repeat hospitaliza-
tions for ischemia and required fewer medications (390). In
the VANQWISH trial (Veterans Affairs Non-Q-Wave
Infarction Strategies in Hospital) performed by the US
Veterans Administration, no difference in death or death and
MI was observed between the 2 strategies at late follow-up,
but the minority of patients in the aggressive strategy
received revascularization, and the mortality rate for those
having CABG was high (391). The FRISC II trial compared
medical and revascularization approaches among patients
after 6 days of low-molecular-weight heparin therapy before
a decision regarding PCI (304). Those randomized to the
conservative therapy only underwent PCI if they had at least
3 mm of ST-segment depression on stress testing. Compared
with prior studies, patients assigned to the aggressive strate-
gy in FRISC II experienced a 22% reduction (P equals
0.031) in the incidence of death or MI at 6 months (9.4%)
compared with conservatively treated patients (12.1%). In
addition, there was a significant decrease in the MI rate alone
and a nonsignificantly lower mortality rate in the treated
group (1.9% vs 2.9%; P equals 0.10). Symptoms of angina
and hospital readmission were decreased 50% by the inva-
sive strategy. These findings were supported by long-term
follow-up from the FRISC II study that indicated that low-
molecular-weight heparin and early intervention lowered the
risk of death, MI, and revascularization in unstable coronary
syndromes, at least during the first month of therapy. Early
protective therapy could be used to reduce the risk of late
events in patients waiting for definitive PCI (392). This treat-
ment benefit was most pronounced for high-risk patients.
The FRISC II trial (304) results support the use of catheteri-
zation and revascularization for selected patients with an
acute coronary syndrome. The TACTICS trial randomized
2220 patients to an early invasive strategy in which cardiac
catheterization and revascularization were performed 4 to 48
h after randomization or to a conservative strategy in which
revascularization was reserved for those patients who devel-
oped recurrent ischemia after medical stabilization (393). All
patients were treated with aspirin, heparin, beta-blockers,
cholesterol-lowering therapy, and tirofiban. The primary end
point, a composite of death, MI, and rehospitalization for
worsening chest pain by 6 months, was lower in patients
assigned to the invasive strategy (15.9% vs 19.4% in patients
assigned to conservative therapy; P equals 0.0025). The rate
of death or MI was also significantly reduced at 6 months in
the invasive strategy arm (7.3% vs 9.5% in patients assigned
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to conservative therapy; P less than 0.05) (393). The TIMI-
TACTICS group (394) has proposed a new risk stratification.
The early invasive strategy was particularly effective for
patients at moderate to high risk. The greater benefits derived
from PCI in the TACTICS and FRISC trials compared with
the TIMI III and VANQWISH trials can be explained in part
by the use of stents and GP-receptor blockers and lower
periprocedural complications in the TACTICS and FRISC II
trials. In several studies published to date, the use of routine
invasive therapy in patients with UA/NSTEMI, accompanied
by IIb/Illa receptor antagonists, has been shown to improve
survival (205,302,393,395-397). New trials such as RITA-3
(302) further demonstrate the safety and effectiveness of an
early invasive strategy.

It is recognized by the Committee that the assessment of
risk of unsuccessful PCI or serious morbidity or mortality
must always be made with consideration of the alternative
therapies available for the patient, including more intensive
or prolonged medical therapy or surgical revascularization
(Table 19) (302,304,390,391,393), especially in patients with
UA/NSTEML

When CABG surgery is a poor option because of high risk
due to special considerations or other organ system disease,
patients otherwise in class IIb may be appropriately managed
with PCI. Under these special circumstances, formal surgical
consultation is recommended.

5.4. Patients With STEMI
5.4.1. General and Specific Considerations

Class 1
General considerations:

1. If immediately available, primary PCI should be per-
formed in patients with STEMI (including true poste-
rior MI) or MI with new or presumably new left bun-
dle-branch block who can undergo PCI of the infarct
artery within 12 hours of symptom onset, if per-
formed in a timely fashion (balloon inflation goal
within 90 minutes of presentation) by persons skilled
in the procedure (individuals who perform more than
75 PCI procedures per year, ideally at least 11 PClIs
per year for STEMI). The procedure should be sup-
ported by experienced personnel in an appropriate
laboratory environment (one that performs more than
200 PCI procedures per year, of which at least 36 are
primary PCI for STEMI, and that has cardiac sur-
gery capability). (Level of Evidence: A) Primary PCI
should be performed as quickly as possible, with a
goal of a medical contact-to-balloon or door-to-bal-
loon time within 90 minutes. (Level of Evidence: B)

Specific Considerations:

2. Primary PCI should be performed for patients less
than 75 years old with ST elevation or presumably
new left bundle-branch block who develop shock
within 36 hours of MI and are suitable for revascular-
ization that can be performed within 18 hours of
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shock, unless further support is futile because of the
patient’s wishes or contraindications/unsuitability for
further invasive care. (Level of Evidence: A)

3. Primary PCI should be performed in patients with
severe congestive heart failure and/or pulmonary
edema (Killip class 3) and onset of symptoms within
12 hours. The medical contact-to-balloon or door-to-
balloon time should be as short as possible (i.e., goal
within 90 minutes). (Level of Evidence: B)

Class IIa
1. Primary PCI is reasonable for selected patients 75
years or older with ST elevation or left bundle-branch
block or who develop shock within 36 hours of MI and
are suitable for revascularization that can be per-
formed within 18 hours of shock. Patients with good
prior functional status who are suitable for revascu-
larization and agree to invasive care may be selected
for such an invasive strategy. (Level of Evidence: B)
2. It is reasonable to perform primary PCI for patients
with onset of symptoms within the prior 12 to 24
hours and 1 or more of the following:
a. Severe congestive heart failure (Level of Evidence:
0
b. Hemodynamic or electrical instability (Level of
Evidence: C)
c. Evidence of persistent ischemia (Level of Evidence:
9

Class IIb
The benefit of primary PCI for STEMI patients eligi-
ble for fibrinolysis when performed by an operator
who performs fewer than 75 PCI procedures per year
(or fewer than 11 PCIs for STEMI per year) is not well
established. (Level of Evidence: C)

Class IIT

1. Elective PCI should not be performed in a non-
infarct-related artery at the time of primary PCI of
the infarct related artery in patients without hemody-
namic compromise. (Level of Evidence: C)

2. Primary PCI should not be performed in asympto-
matic patients more than 12 hours after onset of
STEMI who are hemodynamically and electrically
stable. (Level of Evidence: C)

Acute STEMI results from a severe and sudden cessation
of myocardial blood flow, most commonly due to athero-
sclerotic-thrombotic occlusion of a major epicardial coro-
nary artery. PCl is a very effective method for re-establishing
coronary perfusion and is suitable for 90% of patients.
Considerable data support the use of PCI for patients with
STEMI (53,364,398). Reported rates of achieving TIMI 3
flow, the goal of reperfusion therapy, range from 70% to 90%
(399). Late follow-up angiography demonstrates that 87% of
infarct arteries remain patent (400). Although most studies of
primary PCI have been in patients who are eligible to receive
fibrinolytic therapy, considerable experience supports the
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