
improved irrespective of LV function. In addition, the greater the
number of proximal stenosis, the greater the surgical benefit.456,460

Observational studies also support a survival advantage for CABG
in patientswith double-vessel disease in the presence of severeorex-
tensive ischaemia or severeangina.197,461 – 464 The concept of a revas-
cularization benefit in patients with extended ischaemia is currently
being tested in the ongoing International Study of Comparative
Health Effectiveness with Medical and Invasive Approaches
(ISCHEMIA).197,214,465

8.3.1.4 Left main coronary artery disease
The survival advantages for bypass surgery in patients with 50% or
greater stenosis of the LM coronary artery was established by the
striking differences noted in the Veterans Administration Coopera-
tive Study in a subgroup of 113 patients,466,467 and confirmed in
a subsequent meta-analysis,468 and in studies from the CASS
registry.469,470 The data now need to be re-interpreted in the light
of more recent data evaluating the functional severity of LM stenoses
and the possibility that revascularization can be safely deferred if FFR
.0.80.401

Irrespective, LM CAD (stenosis 50% or greater) continues to be a
Class 1 indication for revascularization.172,471 No further rando-
mized, controlled trials of bypass surgery or PCI vs. medical
therapy are likely to be undertaken in patients with LM CAD.

8.3.2 Revascularization in lower-risk populations
8.3.2.1 The randomized studies (see web addenda)
The older randomized studies that investigated revasculari-
zation vs. OMT are selectively reviewed in the web
addenda.26,41,461,472,473,459,474– 477 The three most recent studies
are also the largest and most informative studies for this compari-
son of revascularization with OMT.

The Clinical Outcomes Utilizing Revascularization and Aggres-
sive Drug Evaluation (COURAGE) trial (n ¼ 2287) compared
PCI + OMT with OMT only, in patients with SCAD or ischaemia
and coronary lesions suitable for PCI. The target study population
for the COURAGE trial were patients with chronic angina pectoris
Canadian Cardiovascular Society (CCS) Class I– III), stable post-MI
patients and asymptomatic patients with objective evidence of myo-
cardial ischaemia. All patients had angiographically defined CAD,
with at least one vessel meeting AHA/American College of Cardi-
ology (ACC) Class I or II indications for PCI. Patients with a prior
CABG were accepted. Patients with stenosis .80% in one or
more vessels, subtending a large area of myocardium, could be en-
rolled even in the absence of objective ischaemia. The primary end-
point of all-cause death or non-fatal MI did not differ between the
two groups during a mean follow-up of 4.6 years.23,478 However, in
patients who were invasively treated, freedom from angina was sig-
nificantly better up to 3 years of follow-up. In a sub-study, patients
with .10% ischaemia on stress myocardial perfusion scintigraphy

Table32 Indications for revascularization of stablecoronaryartery disease patients onoptimal medical therapy (adapted
from ESC/EACTS 2010 Guidelines)172

Indication a To improve 
prognosis: 

To improve 
symptoms 

persistent on 
OMT: 

Class d Level e Class d Level e Ref. f

A Heart Team approach to revascularization is recommended in patients with unprotected left main, 
2–3 vessel disease, diabetes or comorbidities.

I C I C
172,

426–428

Left main >50% diameter stenosisb. I A I A 172

Any proximal LAD >50% diameter stenosisb. I A I A 172

2–3 vessel disease with impaired LV function / CHF. I B IIa B 172

Single remaining vessel (>50% diameter stenosisb). I C I A 172

Proven large area of ischaemia (>10% LVc) I B I B 172

NA NA I A 172

Dyspnoea/cardiac heart failure with >10% ischaemia/viabilityc supplied by stenosis >50%. IIb B429, 430 IIa B 172

No limiting symptoms with OMT in vessel other than left main or proximal LAD or single remaining 
vessel or vessel subtending area of ischaemia <10% of myocardium or with FFR �0.80.

III A III C
23, 25, 

172, 400

References attached to these recommendations can be found in Table 8 of the original ESC guidelines for myocardial revascularization.172

CCS ¼ Canadian Cardiovascular Society; CHF: congestiveheart failure; FFR ¼ fractional fow reserve; LAD ¼ left anterior descending; LV ¼ left ventricle; NA: not available; OMT ¼
optimal medical treatment; SCAD ¼ stable coronary artery disease.
a In asymptomatic patients, the decision will be guided by the extent of ischaemia on stress testing.
b With documented ischaemia or FFR , 0.80 for angiographic diameter stenoses 50–90%.
c As assessed by non-invasive test (SPECT, MRI, stress echocardiography).
d Class of recommendation.
e Level of evidence.
f Reference(s) supporting levels of evidence.
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had a higher rate of death or MI. More PCI + OMT patients exhib-
ited significant ischaemia reduction (33 vs. 19%; P ¼ 0.0004).
Patients with ischaemia reduction had lower unadjusted risk for
death or MI, particularly if baseline ischaemia was moderate to
severe.214

The Clinical Outcomes Utilizing Revascularization and Aggres-
sive Drug Evaluation (BARI-2D) trial (n ¼ 2368) evaluated
whether PCI or CABG (choice left to the discretion of the treating
physician), combined with OMT, would be better than OMT alone
in patients with SCAD and type 2 diabetes mellitus.25 The target
study population were patients with a diagnosis of type 2 diabetes
and angiographically documented CAD for which revascularization
was not required for prompt control of severe or unstable angina.
Patients with stenosis .70% presenting with angina symptoms
were eligible for randomization, even without documented ischae-
mia. In contrast, approximately 30% of patients were asymptomat-
ic with a positive stress test. The primary endpoint of all-cause
mortality at 5 years follow-up did not differ between the two
treatment strategies, nor did rates of MI or stroke. The patients
with most severe disease were selected for CABG rather than
PCI and were a higher-risk group that drew a greater benefit
from early revascularization (reduction of MI compared with
OMT).

In the Fractional Flow Reserve vs. Angiography for Multivessel
Evaluation (FAME-2) trial, 888 SCAD patients with functionally sig-
nificant stenosis (FFR ≤0.80) were randomly assigned to
FFR-guided PCI plus OMT, or to OMT alone.400 The target study

population were patients who had at least one functionally signifi-
cant stenosis and, on average, large areas of ischaemic myocardium
(mean FFR value of 0.68) while the low-risk patients with non-
ischaemic FFR values were not randomized but followed in a separ-
ate registry. The study was stopped prematurely by the Data Safety
Monitoring Board, due to a highly significant reduction in hospital
re-admission and urgent revascularization in the FFR ≤0.80-PCI
group, compared with the FFR ≤0.80-OMT group. There was no
difference in rates of death or MI between the two strategies. In
patients without ischaemia (registry), the outcome appeared to
be favourable with OMT only.

Altogether, seven major (n of 200 or more) randomized trials of
revascularization vs. medical therapy in chronic SCAD have been
published over the past 10 years (Table 33). Typically, populations
of these studies were selected after an angiogram, had demonstrated
at least one significant stenosis of an epicardial coronary artery in
patients with typical or suspected angina—with or without docu-
mented myocardial ischaemia—with, in general, good LV function,
no comorbidities and excluding patients at high angiographic risk,
patients with LM coronary disease, CABG, multivessel disease, or
lesions deemed to be treated with revascularization without
further discussion for OMT only.

The results of these studies comparing myocardial revasculariza-
tion with OMT have been somewhat consistent in confirming that,
except for better symptom relief and lesser frequency of urgent
revascularization, there is no advantage of revascularization over
OMT alone to reduce mortality in angiographically selected patients

Table 33 Characteristics of the seven most recent randomized trials

TIME475 MASS II479 SWISSI II431 COURAGE23 BARI–2D25 JSAP477 FAME–2400

Recruitment (years) 1996–2000 1995–2000 1991–97 1999–2004 2001–2005 2002–2004 2010–2012

Study size (n) 301 611 201 2287 2368 384 888

Mean age (years) 80 60 55 61 62 64 64

Angina CCS II–IV II–III 0 0–III 0–II 0–II I–IV

Stress ischaemia 
(% of patients)

69 NA 100 NA NA NA 100

Prior MI 
(% of patients)

47 44 100 39 38 15 37

Mean LVEF (%) 52 67 57 62 NA 65
16% with 
EF<0.50

Angiographic 
selection

No Yes Yes Yes Yes Yes Yes

Mandatory 
documented 
ischaemia

No No Yes No No No Yes

Revascularization PCI or CABG PCI or CABG PCI PCI PCI or CABG PCI PCI

Primary Endpoint 
(PEP)

Angina
Death/MI/
refractory 
angina

Death/MI/
revascularization

Death/MI Death Death/ACS
Death/MI/
Urgent 
revascularization

Revascularization 
better on PEP

Yes
No at 1 year
Yes at 5 yrs 
(CABG)

Yes No No Yes Yes

CABG ¼ coronaryartery bypass graft; CCS ¼ Canadian Cardiovascular Society; LVEF ¼ left ventricular ejection fraction;MI ¼ myocardial infarction; PCI ¼ percutaneous coronary
intervention.
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presenting with SCAD, acknowledging the possibility of crossover
from medical therapy to intervention during follow-up. Although
interventional and surgical techniques have improved in the past
two decades, medical therapy has also improved over the same
period.

As a result, OMT may substantially improve long-term outcomes
of patients treated conservatively but also of patients undergoing
revascularization, reducing the impact of revascularization itself on
survival in non-ACS patients.

8.3.2.2 Limitations of the randomized studies (see web addenda)
All of these studies have their limitations, which may limit their
general applicability. These limitations are discussed in the additional
web addenda. In brief:

† Some patient subsets that are commonly encountered in clinical
practice were under-represented and the amount of evidence
may appear insufficient, or even contradictory to other studies.

† Patients were considered for inclusion only after coronary angiog-
raphy was performed: therefore conclusions from these trials
cannot be extended to patients with unknown coronary anatomy.

† Crossover rates from OMT to revascularization were high and
much higher than initially expected, suggesting that revasculariza-
tion was merely deferred in 33–42% of patients randomized to a
conservative approach.

† Documented ischaemia was not mandatory for enrolment in
COURAGE or in BARI 2D. Many patients with severe ischae-
mia—and, as such, considered to be at higher risk—were not ran-
domized in the study.

† The rapid evolution of revascularization techniques (e.g. DES for
PCI and arterial grafts for CABG) and antiplatelet, anticoagulant,
lipid-lowering and anti-ischaemic drugs render many of the
studies obsolete by contemporary standards or difficult to inter-
pret (e.g. stents used were mostly BMS).

† OMTwasparticularly well carried out in these trials (not reflecting
current practice), which emphasizes the need to educate physi-
cians in clinical practice about the necessity and the scope of OMT.

† COURAGE and BARI 2D failed to meet the statistical endpoint of
superiority and, as such, were neutral trials demonstrating that an
initial approach of intervention was neutral upon death or MI.

† Several meta-analyses of randomized studies have shown diver-
gent results on hard outcomes, as have registries with propensity
analyses.

8.3.2.3 Overall interpretation
In low-risk, stable CAD patients, after an ischaemic documentation
and a careful clinical and angiographic selection, the strategy of
initial OMT is safe and should be the default approach. When a
period of OMT has not been adequately conducted, cardiologists
and surgeons should be more conservative when making a decision
over revascularization, especially in case of high-risk comorbidities,
difficult anatomies, mildly symptomatic patients or in patients
without extensive provocable ischaemia. The trials have shown
that, despite frequent crossovers to revascularization, the majority
of patients remain on OMT alone for the duration of the trial.

When initial OMT has failed and patients remain symptomatic, or
when the ischaemic risk appears important, the various options need

to be discussed (OMT reinforcement or revascularization). The
advantages, limitations and advice from the Heart Team must be
fully presented in the discussion with the patient.

The early hazards of revascularization are well known: early peri-
procedural MI, stent thrombosis or late restenosis (much reduced
now by second-generation DES) after PCI, peri-operative MI,
stroke, cognitive dysfunction, surgical wound infection, prolonged
hospital stay and rehabilitation after CABG. Potential advantages of
an initial revascularization strategy (PCI or CABG) include better
relief of symptoms and no significant excess of mortality, fewer
drugs, fewer hospital visits and less revascularization within the first
year with globally improved QoL. The advantage of revascularization
over OMT on symptom relief is, however, blunted over time. OMT is
safer in the short term, and as safe as revascularization for mortality
up to 5 years in patients meeting the low-risk inclusion criteria of
these trials. However, OMT requires larger doses and numbers of
medications that may have a direct impact on adherence to treat-
ment, side-effects, drug interactions, QoL and long-term cost to
the patient and third party payers.

8.3.2.4 Ongoing studies for management of stable coronary artery disease
patients with demonstrated ischaemia
Several studies have suggested that patients with more extensive
ischaemia benefit from revascularization—and that this benefit
could translate into a long-term survival benefit if ischaemia is
severe and reduction of ischaemia is significant. This hypothesis
has been poorly investigated prospectively, although the positive
randomized trials ‘Asymptomatic Cardiac Ischaemia Pilot’ (ACIP)
and SWISSI II—with subset analyses of the CABG population in
BARI 2D, plus the results of PCI in FAME 2—strongly suggest
that ischaemia plays a key role in the benefit afforded by revascu-
larization.25,400,431,461

The hypothesis of deciding upon an invasive approach prior to angi-
ography and not after (as in COURAGE and BARI 2D)—on the basis
of documentedclinically meaningful ischaemiaduring stress testingor
haemodynamic assessment of stenoses identified at the time of angi-
ography—certainly needs re-evaluation. This hypothesis is currently
being evaluated in randomized trials: in the ongoing ISCHEMIA trial,
patients are randomized—before coronary angiography—to a con-
servative OMT strategy or to an invasive strategy when they have
documented myocardial ischaemia, the primary endpoint being
death or MI.

8.4 Percutaneous coronary intervention
vs. coronary artery bypass graft (see web
addenda)
8.4.1 Recent data and recommendations
The relative indications for PCI and CABG in SCAD patients have
been clearly defined by the recent recommendations.172,217,481,482

There has been an increasing recognition of the value of the Heart
Team in reaching consensus over if, when, and how to revascular-
ize patients. Figures 6 and 7 show suggested algorithms to help sim-
plify the decision-making process and to possibly avoid the need
for systematic discussion of every patient with locally agreed pro-
tocols (refer to specific ESC Guidelines on myocardial revascular-
ization for class and LOE concerning the respective indications of
PCI and CABG).172 The Guidelines emphasize the importance of
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OMT in all patients and for both procedures, and the pivotal role
of the heart team in most decisions over revascularization in
patient with multivessel or left main disease. This is particularly
true for patients with three-vessel disease when they present
with a syntax score ≥22 or when complete revascularization is
not achievable by one technique of revascularization, or when
they have diabetes. For these patients, CABG should most often
be the preferred option.

In SYNergy between percutaneous coronary intervention with
TAXus and cardiac surgery (SYNTAX), 1800 patients with three-
vessel or left main coronary artery disease were randomized to
undergo CABG or PCI. Publication of the 5-year results of the
SYNTAX trial have confirmed the initial findings, with a higher rate
of major adverse cardiac or cerebrovascular events at 12 months in
the PCI group, in large part because of an increased rate of repeat
revascularization.427,483,484 At 5 years, all-cause death was 13.9%
with PCI, against 11.4% with CABG (P ¼ 0.10) and cardiac death
was 9.0 vs. 5.3% (P ¼ 0.003) in favour of CABG. MACE was signifi-
cantly reduced with CABG also.484

Interestingly, this benefit was driven by the upper two tertiles of
the SYNTAX score; although PCI and CABG performed as well on
all endpoints for SYNTAX scores of 22 or less, there was a clear
benefit with CABG at 5 years, especially in patients with scores of
33 or more. In patients with intermediate or high SYNTAX scores,
MACE was significantly increased with PCI (intermediate score,
25.8% of the CABG group vs. 36.0% of the PCI group; P ¼ 0.008;
high score, 26.8 vs. 44.0%; P , 0.0001).

These findings are consistent with the survival benefit of CABG
reported in several large propensity-matched registries comparing
outcome of PCI and CABG.485 –487 Indeed, in a recently published
study of 7235 pairs of patients, matched for numerous baseline
characteristics, the overall 8-year survival rates were 78.0% for
CABG and 71.2% for stenting (HR 0.68; 95% CI 0.64–0.74; P ,

0.001). For anatomic groups, the HRs ranged from 0.53 (P ,

0.001) for patients with three-vessel disease involving the proximal
LAD to 0.78 (P ¼ 0.05) for patients with two-vessel disease but
no disease in the LAD artery. A lower risk of death after CABG
was observed in all subgroups stratified by a number of baseline
risk factors.487 Most recently, the Asymptomatic atrial fibrillation
and Stroke Evaluation in pacemaker patients and the atrial fibrilla-
tion Reduction atrial pacing Trial (ASSERT) reported survival in
86 244 CABG and 103 549 PCI propensity-matched patients
with two- or three-vessel CAD. At 4-year follow-up there was
increased mortality with PCI, compared with CABG. Despite stat-
istical adjustment, this huge registry cannot eliminate confounding
variables and the fact that sicker patients may have been assigned
to PCI.488

In SYNTAX, the results for 705 patients with LMS disease differ
from the remaining patients with three-vessel CAD. For these
patients, there was no overall difference between CABG and PCI in
terms of death (8.4% CABG vs. 7.3% PCI; P ¼ 0.64) or MI (4.1 vs.
6.9%; P ¼ 0.14) but a higher incidence of stroke with CABG (4 vs.
1.2%; P ¼ 0.02). The advantage of CABG was reduced repeat revas-
cularization at 12% vs. 20% for stents (P ¼ 0.004).

Number of coronary arteries with relevant stenosisa in proximal segment

1 or 2 vessel disease

Proximal LAD involvement

Heart Team Discussion®

No

PCI CABG

Yes

Syntax score 22 Syntax score 23

Low
surgical

risk b

3 vessel disease

Figure 6 Percutaneous coronary intervention (PCI) or coronary artery bypass graft surgery (CABG) in stable coronary artery disease without
left main coronary artery involvement. CABG ¼ coronary artery bypass graft; LAD ¼ left anterior descending; PCI ¼ percutaneous coronary
intervention.
a.50% stenosis and proof of ischaemia, .90% stenosis in two angiographic views, or FFR ¼ 0.80.
bCABG is the preferred option in most patients unless patients co-morbidities or specificities deserve discussion by the heart team. According to
local practice (time constraints, workload) direct transfer to CABG may be allowed in these low risk patients, when formal discussion in a multidis-
ciplinary team is not required (adapted from ESC/EACTS Guidelines on Myocardial Revascularization 2010).
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‘Premier of Randomized Comparison of Bypass Surgery vs.
Angioplasty Using Sirolimus-Eluting Stent in Patients with Left
Main Coronary Artery Disease’ (PRECOMBAT), another rando-
mized trial of 600 patients with left main stem (LMS) disease,
reported a composite endpoint of death, cerebrovascular accident
and MI as 4.7% for CABG and 4.4% for PCI.489 Furthermore, the
incidence of stroke was substantially lower than in SYNTAX and
similar for PCI (0.4%) and CABG (0.7%). It should be acknowl-
edged that Left Main SYNTAX was a subgroup analysis and
PRECOMBAT was not powered to detect a difference in hard
clinical endpoint. Accordingly, further large randomized con-
trolled trials are needed to establish the optimal mode of LM
revascularization with this degree of complexity [e.g. the Evalu-
ation of XIENCE PRIME or XIENCE V vs. Coronary Artery
Bypass Surgery for Effectiveness of Left Main Revascularization
(EXCEL)].

Meanwhile, angiographic characteristics of the LM disease are key
in selection between PCI and CABG (calcifications, ostial/mid/distal,
LM size, distal lesions, etc.) and, for at least lower severity of LMS
disease, PCI produces at least equivalent—if not superior—
outcomes to CABG.

The Design of the Future Revascularization Evaluation in patients
with Diabetes mellitus: Optimal management of Multivessel disease
(FREEDOM) trial (see chapter 9.2 on diabetes for details)—which
demonstrated a significant reduction on the primary ischaemic
outcome at 5 years in patients treated with CABG vs. PCI—taking
into consideration previous trials, suggests that there is a significant
mortality benefit from bypass surgery vs. PCI in diabetic patients
with multivessel disease when both options of revascularization are

technically feasible,426 albeit at the price of an increased risk of non-
fatal stroke.

The role of hybrid coronary revascularization (Figure 5) combining
Left Internal Mammary Artery (LIMA)-to-LAD artery grafting and
PCI of at least one non-LAD artery is evolving and is an option in
patients with multivessel disease and technical issues over one of
the two techniques of revascularization, comorbidities, prior
history of revascularization with limitations in graft conduits or
access for PCI (e.g. occlusion). It allows complete revascularization
with the advantages of both modes of revascularization. No rando-
mized study, and only small series of patients have so far been pub-
lished, precluding any firm recommendation.

8.4.2 Target populations of the randomized studies (see
web addenda)
Over the last two decades there have been approximately 20 trials of
PCI vs.CABG,whichhaveconsistently reported nooverall difference
in survival between the two interventional techniques, possibly
related to the low risk of the populations studied.490

In contrast, several propensity-matched registries have consistently
demonstrated a survival benefit of CABG after intervention, accom-
panied by a marked reduction in the need for repeat intervention,
although it may still be susceptible to confounding factors.485–487

8.5 Scores and decisions (see web
addenda)
8.5.1 Scores (see web addenda)
Interventional and surgical scores have been developed to evaluate
the risk of the different revascularization strategies.428,491 Although

Left main coronary artery with relevant stenosisa

±1 vessel disease

Heart Team Discussion®

PCI CABG

Syntax score 32 Syntax score 33Ostium/mid shaft Distal bifurcation

Low
surgical

risk b

High
surgical

risk b

+2 or 3 vessel disease

Figure 7 Percutaneous coronary intervention (PCI) or coronary artery bypass graft surgery (CABG) in stable coronary artery disease with left
main coronary artery involvement. CABG ¼ coronary artery bypass graft; PCI ¼ percutaneous coronary intervention.
a.50% stenosis and proof of ischaemia, .70% stenosis in two angiographic views, or fractional fow reserve ¼ 0.80.
bPreferred option in general. According to local practice (time constraints, workload) direct decision may be taken without formal multidisciplinary
discussion, but preferably with locally agreed protocols (adapted from ESC/EACTS Guidelines on Myocardial Revascularization 2010).
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we lack prospective validation of these scores in randomized studies
comparing CABG to PCI, the recommendations—and now the prac-
tice—are heavily based on these scores as tools for decision-making
in individual patients.

8.5.2 Appropriate utilization of revascularization (see web
addenda)
Appropriateness criteria are based upon expert consensus as to
when a procedure is appropriate.492 This is, however, an important
and complex area of concern as the cost of imaging and revasculari-
zation comes under increasing but appropriate scrutiny.

9. Special groups or considerations

9.1 Women (see web addenda)
Coronary artery disease develops 5–10 years later in women than in
men. Recent studies indicate that the decline in mortality from CAD
does not extend to younger women, in whom it has remained con-
stant.493 CVD guidelines in general are based on research conducted
primarily in men, the mean percentage of women enrolled in clinical
trials since 2006 being 30%.494 CVD risk factors in women and men
are the same, although their distribution differs over time and
betweenregions. Stableangina is themostcommoninitial presentation
of CAD in women.495 There is a widespread understanding that
women with CAD present with symptoms that are different from
those in men. Some of this is due to women presenting at older ages
and symptoms becoming less specific with advancing age. Several
studies have indicated gender-related differences in the care of both
acute and chronic CAD, in part related to differences in presentation
and pathophysiology. Compared with men, women have higher rates
of procedural complication, including mortality, stroke and vascular
complications. Women also have higher complication rates following
CABG but, although the numbers of women included in trials are
limited, results do not indicate gender-related differences in
outcome.496,497 Nonetheless, it may be prudent to adopt a more con-
servative approach in undertaking PCI and CABG in women.

Probably the most important difference between CAD in men
and women is that women, presenting with MI and angina twice
as often as men, have no significant obstructive CAD.23,480 (see
section 6.7.1 on microvascular angina).498 However, the notion
that these women have ‘normal’ coronary arteries should be
reconsidered in light of the IVUS sub-study within the Women’s
Ischemia Syndrome Evaluation (WISE) showing that, among a
sample of 100 such women, �80% had definite coronary athero-
sclerosis that was concealed by positive remodelling.499 Until suf-
ficient trial-based evidence is available, women with chest pain and
no obstructive coronary disease should be screened for CVD risk
factors and treated according to risk stratification, as described in
CVD prevention Guidelines,37 supplemented by individualized
symptomatic treatment for angina (see sections 7.5.1 and 7.5.2
on treatment of microvascular and vasospastic angina). At
present HRT is not recommended for primary or secondary pre-
vention of CVD.

9.2 Patients with diabetes (see web
addenda)
Mortality due to CVD is increased three-fold in diabetic men
and two- to five-fold in diabetic women, compared with age-
and sex-matched non-diabetic persons. A target HbA1c ,7%
(,53 mmol/mol) and target blood pressure ,140/85 mmHg are
recommended in recent European Guidelines on CVD prevention.
The high prevalence of significant CAD and prohibitively high
cardiovascular mortality may suggest the usefulness of routine
screening extended to asymptomatic patients. In the absence of
outcome trials confirming a clinical benefit, this strategy is not recom-
mended. Coronary artery revascularization of diabetics remains a
challenge. The decision to use either PCI or CABG as preferred
mode of revascularization should be based on anatomical factors, to-
gether with clinical factors and other logistical or local factors (see
chapter 8 and Figure 6). As a rule, PCI is recommended in diabetic
patient with single-vessel disease. Conversely, given the results of
the FREEDOM trial, CABG is recommended in diabetic patients
with multivessel disease after discussion in a Heart Team meeting.

9.3 Patients with chronic kidney disease
(see web addenda)
Chronic kidney disease is a risk factor for—and strongly associated
with—CAD and has a major impact on outcomes and therapeutic
decisions. The use of drugs and iodinated contrast agents is
exposes patients to more complications. This is also a group of
patients poorly explored in clinical trials, with limited strong evidence
based medicine.

9.4 Elderly patients (see web addenda)
This population is specific in many ways:

(1) Higher prevalence of comorbidities.
(2) Population is usually undertreated and under-represented in

clinical trials.
(3) Difficult diagnosis due to atypical symptoms and difficulties in

performing stress testing.
(4) Patients are more often referred to PCI than CABG but age

should not be the sole criterion for the choice of type of revas-
cularization.

(5) Higher risk of complications during and after coronary revascu-
larization.

9.5 The patient after revascularization
(see web addenda)
Therapy and secondary prevention should be initiated during hospi-
talization, when patients are highly motivated. Follow-up strategies
should focus on the assessment of the patient’s symptoms, functional
status and secondary prevention, and not only on the detection of re-
stenosis or graft occlusion. Recommendations are given below in
Table 34.
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9.6 Repeat revascularization of the patient
with prior coronary artery bypass graft
revascularization (see web addenda)
Repeat revascularization in the patient who has undergone prior
CABG poses a clinical challenge.506 – 508 Considerations in determin-
ing the preferred modality of revascularization include the age of
patients, co-morbidities and diffuseness of coronary disease, as well
as the potential fordamage to patent grafts, intraluminal embolization
in saphenous vein grafts, lack of suitable arterial and venous conduits
and instability of a graft-independent circulation. PCI may be pre-
ferred in patients with discrete lesions in grafts and preserved LV
function or accessible native vessel disease. Repeat bypass surgery
may be preferred when the vessels are unsuitable for PCI and
when there are good distal vessel targets for bypass graft placement.

The use of distal embolic protection devices is recommended in
saphenous vein graft interventions. Any revascularization strategy
needs to be accompanied by optimizing medical therapy with anti-
anginal drugs and risk factor reduction.

9.7 Chronic total occlusions (see web
addenda)
Chronic total occlusions (CTO) are identified in 15–30% of all
patients referred for coronary angiography. A worse prognosis has
been attached to chronic total occlusions. Revascularization needs
to be discussed in patients with symptoms of occlusion or large is-
chaemic areas. Percutaneous coronary intervention (PCI) of CTOs
is technically challenging and requires familiarity with advanced
techniques and specialized equipment. Surgical treatment, with the
implantation of a distal bypass graft, is also a valid option for
discussion.

9.8 Refractory angina (see web addenda)
The term ‘refractory angina’ is defined as "a chronic condition caused
by clinically established reversible myocardial ischaemia in the pres-
ence of CAD, which cannot be adequately controlled by a combin-
ation of medical therapy, angioplasty or coronary artery bypass
graft". For this patient group, a number of treatment options has

Table 34 Follow-up of revascularized stable coronary artery disease patients

Recommendations Class a Level b Ref. C

General measures

It is recommended that all revascularized patients receive a secondary prevention and be scheduled for follow-up visit. I A

It is recommended to instruct patients before discharge about return to work and reuptake of full activities. Patients 
have to be advised to seek immediate medical contact if symptoms (re-) occur.

I C -

172, 333
501–503

500

Antiplatelet therapy

I

DAPT is indicated after BMS for at least 1 month. I A

A

DAPT is indicated for 6 to 12 months after 2nd generation DES. I B

DAPT may be used for more than 1 year in patients at high ischaemic risk (e.g. stent thrombosis, recurrent ACS on 
DAPT, post MI/diffuse CAD) and low bleeding risk.

IIb B

DAPT for 1 to 3 months may be used after DES implantation in patients at high bleeding risk or with undeferrable
surgery or concomitant anticoagulant treatment.

IIb C -

504, 505

501,502
504,505

Imaging management

In symptomatic patients, stress imaging (stress echocardiography, MRI or MPS) is indicated rather than stress ECG. I C -

recommended.
I C -

recommended.
I C -

Late (6 months) stress imaging test after revascularization may be considered to detect patients with restenosis after 
stenting or graft occlusion irrespective of symptomsd.

IIb C -

After high risk PCIs (e.g. LM disease) late (3-12 months) control angiography may be considered, irrespective of symptoms. IIb C -

Systematic control angiography, early or late after PCI, is not recommended. III C -

ACS ¼ acute coronary syndrome; BMS ¼ bare metal stents; CABG ¼ coronary artery bypass graft surgery; DAPT ¼ dual antiplatelet therapy; DES ¼ drug eluting stents;
ECG ¼ electrocardiogram; LM ¼ left main; MPS ¼ myocardial perfusion scintigraphy; MRI ¼ magnetic resonance imaging; PCI ¼ percutaneous coronary intervention;
SAPT ¼ single antiplatelet therapy.
a Class of recommendation.
b Level of evidence.
c Reference(s) supporting levels of evidence.
d Specific patient subsets indicated for early stress testing:
– patients with safety critical professions (e.g. pilots, drivers, divers) and competitive athletes.
– patients who would like to engage in activities for, which high oxygen consumption is required.
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emerged, including some new pharmacological options (see section
7.1.3.2 on drugs) and non-pharmacological treatments (seeTable35).

Among non-pharmacological treatments, enhanced external coun-
terpulsation therapy and neurostimulatory techniques have shown
that they can ameliorate symptoms and improve quality of life, al-
though convincing evidence regarding reduction in both ischaemia
burden and mortality is still lacking. Conversely, transmyocardial or
percutaneous myocardial revascularization have been abandoned
because they are ineffective.

9.9 Primary care (see web addenda)
Primary care physicians have an important role in the identification
and management of patients with SCAD. In particular:

† identifying those patients presenting with symptoms of possible
SCAD that requires further evaluation and investigation

† identifying those at increased risk of developing SCAD and ensur-
ing that modifiable risk factors are actively managed, with lifestyle
and therapeutic interventions, in order to reduce their future risk

† ensuring that those with SCAD are aware of the benefits, both in
respect of symptom control and prognosis, of optimal medical
therapy and, in appropriate cases, the benefits of percutaneous
intervention or surgery

† establishing a systematic approach to the follow-up of patients
with SCAD, at appropriate intervals, for the primary carephysician
to re-appraise the patient’s clinical symptoms, medication and risk
factors.

9.10 Gaps in evidence (see web addenda)
These guidelines suffer from limitations inherent in the evidence
available, uncertainties on the best imaging modalities, on what is
the best modern pharmacologic approach and on what is the real
benefit from myocardial revascularization.

References
1. Hamm CW, Bassand JP, Agewall S, Bax J, Boersma E, Bueno H, Caso P, Dudek D,

Gielen S, Huber K, Ohman M, Petrie MC, Sonntag F, Uva MS, Storey RF,
Wijns W, Zahger D, Bax JJ, Auricchio A, Baumgartner H, Ceconi C, Dean V,
Deaton C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Knuuti J, Kolh P,
McDonagh T, Moulin C, Poldermans D, Popescu BA, Reiner Z, Sechtem U,
Sirnes PA, Torbicki A, Vahanian A, Windecker S, Achenbach S, Badimon L,
Bertrand M, Botker HE, Collet JP, Crea F, Danchin N, Falk E, Goudevenos J,
Gulba D, Hambrecht R, Herrmann J, Kastrati A, Kjeldsen K, Kristensen SD,
Lancellotti P, Mehilli J, Merkely B, Montalescot G, Neumann FJ, Neyses L, Perk J,
RoffiM,RomeoF, Ruda M,SwahnE,ValgimigliM, VrintsCJ, WidimskyP. ESCGuide-
lines for the management of acute coronary syndromes in patients presenting
without persistent ST-segment elevation: The Task Force for the management of
acute coronary syndromes (ACS) in patients presenting without persistent
ST-segment elevation of the European Society of Cardiology (ESC). Eur Heart J
2011;32:2999–3054.

2. Greenland P, Alpert JS, Beller GA, Benjamin EJ, Budoff MJ, Fayad ZA, Foster E,
Hlatky MA, Hodgson JM, Kushner FG, Lauer MS, Shaw LJ, Smith SC Jr., Taylor AJ,

Weintraub WS, Wenger NK, Jacobs AK, Anderson JL, Albert N, Buller CE,
Creager MA, Ettinger SM, Guyton RA, Halperin JL, Hochman JS, Nishimura R,
Ohman EM, Page RL, Stevenson WG, Tarkington LG, Yancy CW. 2010 ACCF/
AHA guideline for assessment of cardiovascular risk in asymptomatic adults: a
report of the American College of Cardiology Foundation/American Heart Asso-
ciation Task Force on Practice Guidelines. J Am Coll Cardiol 2010;56:e50–e103.

3. FoxK, GarciaMA, Ardissino D, Buszman P, Camici PG, CreaF, Daly C,De BackerG,
Hjemdahl P, Lopez-Sendon J, Marco J, Morais J, Pepper J, Sechtem U, Simoons M,
Thygesen K, Priori SG, Blanc JJ, Budaj A, Camm J, Dean V, Deckers J, Dickstein K,
Lekakis J, McGregor K, Metra M, Morais J, Osterspey A, Tamargo J, Zamorano JL.
Guidelines on the management of stable angina pectoris: executive summary:
The Task Force on the Management of Stable Angina Pectoris of the European
Society of Cardiology. Eur Heart J 2006;27:1341–1381.

4. Gibbons RJ, Chatterjee K, Daley J, Douglas JS, Fihn SD, Gardin JM, Grunwald MA,
Levy D, Lytle BW, O’Rourke RA, Schafer WP, Williams SV, Ritchie JL,
Cheitlin MD, Eagle KA, Gardner TJ, Garson A Jr. Russell RO, Ryan TJ, Smith SC
Jr. ACC/AHA/ACP-ASIM guidelines for the management of patients with chronic
stable angina: a report of the American College of Cardiology/American Heart As-
sociation Task Force on Practice Guidelines (Committee on Management of
Patients With Chronic Stable Angina). J Am Coll Cardiol 1999;33:2092–2197.

Table 35 Treatment options in refractory angina

Recommendations Class a Level b Ref. C

EECP should be
considered for symptom relief 
in patients with invalidating 
angina refractory to optimal 
medical and revascularization 
strategies.

IIa B 509, 510

TENS may be considered 
to ameliorate symptoms of 
invalidating angina refractory 
to optimal medical and 
revascularization strategies.

IIb C -

SCS may be considered to 
ameliorate symptoms and 
quality of life in patients with 
invalidating angina refractory 
to optimal medical and 
revascularization strategies.

IIb B 511

TMR is not indicated in 
patients with invalidating angina 
refractory to optimal medical 
and revascularization strategies.

III A 514

EECP ¼ enhanced external counterpulsation; TENS ¼ transcutaneous electrical
nerve stimulation; TMR ¼ transmyocardial revascularization; SC ¼ spinal cord
stimulation.
a Class of recommendation.
b Level of evidence.
c Reference(s) supporting levels of evidence.

The CME text ‘2013 ESC Guidelines on the management of stable coronary artery disease’ is accredited by the European Board for Accreditation in Cardiology (EBAC). EBAC works
according to the quality standards of the European Accreditation Council forContinuing Medical Education (EACCME), which is an institution of the European Union of Medical Specialists
(UEMS). In compliance with EBAC/EACCME Guidelines, all authors participating in this programme have disclosed any potential conflicts of interest that might cause a bias in the article.
The Organizing Committee is responsible for ensuring that all potential conflicts of interest relevant to the programme are declared to the participants prior to the CME activities.

CME questions for this article are available at: European Heart Journal http://www.oxforde-learning.com/eurheartj and European Society of Cardiology http://www.escardio.
org/guidelines.

ESC Guidelines2996

 by guest on January 5, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://www.oxforde-learning.com/eurheartj
http://www.oxforde-learning.com/eurheartj
http://www.oxforde-learning.com/eurheartj
http://www.oxforde-learning.com/eurheartj
http://www.escardio.org/guidelines
http://www.escardio.org/guidelines
http://www.escardio.org/guidelines
http://www.escardio.org/guidelines
http://www.escardio.org/guidelines
http://www.escardio.org/guidelines
http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


5. Campeau L. The Canadian Cardiovascular Society grading of angina pectoris revis-
ited 30 years later. Can J Cardiol 2002;18:371–379.

6. Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey DE Jr.,
Chavey WE 2nd, Fesmire FM, Hochman JS, Levin TN, Lincoff AM, Peterson ED,
Theroux P, Wenger NK, Wright RS, Smith SC Jr., Jacobs AK, Halperin JL,
Hunt SA, Krumholz HM, Kushner FG, Lytle BW, Nishimura R, Ornato JP,
Page RL, Riegel B. ACC/AHA 2007 guidelines for the management of patients
with unstable angina/non-ST-Elevation myocardial infarction: a report of the
American College of Cardiology/American Heart Association Task Force on Prac-
tice Guidelines (Writing Committee to Revise the 2002 Guidelines for the Manage-
ment of Patients With Unstable Angina/Non-ST-Elevation Myocardial Infarction)
developed in collaboration with the American College of Emergency Physicians,
the Society for Cardiovascular Angiography and Interventions, and the Society of
Thoracic Surgeons endorsed by the American Association of Cardiovascular and
Pulmonary Rehabilitation and the Society for Academic Emergency Medicine.
J Am Coll Cardiol 2007;50:e1–e157.

7. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD. Third uni-
versal definition of myocardial infarction. Eur Heart J 2012;33:2551–2567.

8. Ndrepepa G, Braun S, Mehilli J, Birkmeier KA, Byrne RA, Ott I, Hosl K, Schulz S,
Fusaro M, Pache J, Hausleiter J, Laugwitz KL, Massberg S, Seyfarth M, Schomig A,
Kastrati A. Prognostic value of sensitive troponin T in patients with stable and un-
stable angina and undetectable conventional troponin. Am Heart J 2011;161:
68–75.

9. Omland T, de Lemos JA, Sabatine MS, Christophi CA, Rice MM, Jablonski KA,
Tjora S, Domanski MJ, Gersh BJ, Rouleau JL, Pfeffer MA, Braunwald E. A sensitive
cardiac troponin T assay in stable coronary artery disease. N Eng J Med 2009;
361:2538–2547.

10. Crea F. Chronic ischaemic heart disease. In. ESC textbook of cardiology. Oxford:
Oxford University Press; 2010.

11. Crea F, Pupita G, Galassi AR, el-Tamimi H, Kaski JC, Davies G, Maseri A. Role of
adenosine in pathogenesis of anginal pain. Circulation 1990;81:164–172.

12. Rose GA, Blackburn H. Cardiovascular survey methods. Monogr Ser World Health
Organ 1968;56:1–188.

13. National Institutes of Health NH, Lung, and Blood Institute. Morbidity & Mortality:
2012 Chart Book on Cardiovascular, Lung, and Blood Diseases. Bethesda, MD: National
Heart, Lung, and Blood Institute; 2012.

14. Reis SE, Holubkov R, Conrad Smith AJ, Kelsey SF, Sharaf BL, Reichek N, Rogers WJ,
Merz CN, Sopko G, Pepine CJ. Coronary microvascular dysfunction is highly preva-
lent in women with chest pain in the absence of coronary artery disease: results
from the NHLBI WISE study. Am Heart J 2001;141:735–741.

15. Han SH, Bae JH, Holmes DR Jr., Lennon RJ, Eeckhout E, Barsness GW, Rihal CS,
Lerman A. Sex differences in atheroma burden and endothelial function in patients
with early coronary atherosclerosis. Eur Heart J 2008;29:1359–1369.

16. Hemingway H, McCallum A, Shipley M, Manderbacka K, Martikainen P, Keskimaki I.
Incidence and prognostic implications of stable angina pectoris among women and
men. JAMA 2006;295:1404–1411.

17. Ducimetiere P, Ruidavets JB, Montaye M, Haas B, Yarnell J. Five-year incidence of
angina pectoris and other forms of coronary heart disease in healthy men aged
50–59 in France and Northern Ireland: the Prospective Epidemiological Study of
Myocardial Infarction (PRIME) Study. Int J Epidemiol 2001;30:1057–1062.

18. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, Bravata DM,
Dai S, Ford ES, Fox CS, Fullerton HJ, Gillespie C, Hailpern SM, Heit JA, Howard VJ,
Kissela BM, Kittner SJ, Lackland DT, Lichtman JH, Lisabeth LD, Makuc DM,
Marcus GM, Marelli A, Matchar DB, Moy CS, Mozaffarian D, Mussolino ME,
Nichol G, Paynter NP, Soliman EZ, Sorlie PD, Sotoodehnia N, Turan TN,
Virani SS, Wong ND, Woo D, Turner MB. Heart disease and stroke statistics:
2012 update: a report from the american heart association. Circulation 2012;125:
e2–e220.

19. Ong P, Athanasiadis A, Borgulya G, Mahrholdt H, Kaski JC, Sechtem U. High preva-
lence of a pathological response to acetylcholine testing in patients with stable
angina pectoris and unobstructed coronary arteries. The ACOVA Study (Abnor-
mal COronary VAsomotion in patients with stable angina and unobstructed coron-
ary arteries). J Am Coll Cardiol 2012;59:655–662.

20. Kitta Y, Obata JE, Nakamura T, HiranoM, Kodama Y, Fujioka D, Saito Y, Kawabata K,
Sano K, Kobayashi T, Yano T, Nakamura K, Kugiyama K. Persistent impairment of
endothelial vasomotor function has a negative impact on outcome in patients
with coronary artery disease. J Am Coll Cardiol 2009;53:323–330.

21. Gulati M, Cooper-DeHoff RM, McClure C, Johnson BD, Shaw LJ, Handberg EM,
Zineh I, Kelsey SF, Arnsdorf MF, Black HR, Pepine CJ, Merz CN. Adverse cardiovas-
cular outcomes in women with nonobstructive coronary artery disease: a report
from the Women’s Ischemia Syndrome Evaluation Study and the St James
Women Take Heart Project. Arch Intern Med 2009;169843–850.

22. Jespersen L, Hvelplund A, Abildstrom SZ, Pedersen F, Galatius S, Madsen JK,
Jorgensen E, Kelbaek H, Prescott E. Stable angina pectoris with no obstructive

coronary artery disease is associated with increased risks of major adverse cardio-
vascular events. Eur Heart J 2012;33:734–744.

23. Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ,
Knudtson M, Dada M, Casperson P, Harris CL, Chaitman BR, Shaw L,
Gosselin G, Nawaz S, Title LM, Gau G, Blaustein AS, Booth DC, Bates ER,
Spertus JA, Berman DS, Mancini GB, Weintraub WS. Optimal medical therapy
with or without PCI for stable coronary disease. N Eng J Med 2007;356:1503–1516.

24. Chung SC, Hlatky MA, Faxon D, Ramanathan K, Adler D, Mooradian A, Rihal C,
Stone RA, Bromberger JT, Kelsey SF, Brooks MM. The effect of age on clinical out-
comes and health status BARI 2D (Bypass Angioplasty Revascularization Investiga-
tion in Type 2 Diabetes). J Am Coll Cardiol 2011;58:810–819.

25. FryeRL, August P, BrooksMM, Hardison RM, KelseySF, MacGregor JM, OrchardTJ,
Chaitman BR, Genuth SM, Goldberg SH, Hlatky MA, Jones TL, Molitch ME,
Nesto RW, Sako EY, Sobel BE. A randomized trial of therapies for type 2 diabetes
and coronary artery disease. N Eng J Med 2009;360:2503–2515.

26. Henderson RA, Pocock SJ, Clayton TC, Knight R, Fox KA, Julian DG,
Chamberlain DA. Seven-year outcome in the RITA-2 trial: coronary angioplasty
versus medical therapy. J Am Coll Cardiol 2003;42:1161–1170.

27. Poole-Wilson PA, Lubsen J, Kirwan BA, van Dalen FJ, Wagener G, Danchin N,
Just H, Fox KA, Pocock SJ, Clayton TC, Motro M, Parker JD, Bourassa MG,
Dart AM, Hildebrandt P, Hjalmarson A, Kragten JA, Molhoek GP, Otterstad JE,
Seabra-Gomes R, Soler-Soler J, Weber S. Effect of long-acting nifedipine on mor-
tality and cardiovascular morbidity in patients with stable angina requiring treat-
ment (ACTION trial): randomised controlled trial. Lancet 2004;364:849–857.

28. Steg PG, Greenlaw N, Tardif JC, Tendera M, Ford I, Kaab S, Abergel H, Fox KM,
Ferrari R. Women and men with stable coronary artery disease have similar clinical
outcomes: insights fromthe international prospectiveCLARIFY registry. Eur Heart J
2012;33:2831–2840.

29. Daly CA, De Stavola B, Sendon JL, Tavazzi L, Boersma E, Clemens F, Danchin N,
Delahaye F, Gitt A, Julian D, Mulcahy D, Ruzyllo W, Thygesen K, Verheugt F,
Fox KM. Predicting prognosis in stable angina: results from the Euro heart survey
of stable angina: prospective observational study. BMJ 2006;332:262–267.

30. Steg PG, Bhatt DL, Wilson PW, D’Agostino R Sr., Ohman EM, Rother J, Liau CS,
Hirsch AT, Mas JL, Ikeda Y, Pencina MJ, Goto S. One-year cardiovascular event
rates in outpatients with atherothrombosis. JAMA 2007;297:1197–1206.

31. Bayturan O, Kapadia S, Nicholls SJ, Tuzcu EM, Shao M, Uno K, Shreevatsa A,
Lavoie AJ, Wolski K, Schoenhagen P, Nissen SE. Clinical predictors of plaque pro-
gression despite very low levels of low-density lipoprotein cholesterol. J Am Coll
Cardiol 2010;55:2736–2742.

32. Chhatriwalla AK, Nicholls SJ, Wang TH, Wolski K, Sipahi I, Crowe T,
Schoenhagen P, Kapadia S, Tuzcu EM, Nissen SE. Low levels of low-density lipopro-
tein cholesterol and blood pressure and progression of coronary atherosclerosis.
J Am Coll Cardiol 2009;53:1110–1115.

33. Kronmal RA, McClelland RL, Detrano R, Shea S, Lima JA, Cushman M, Bild DE,
BurkeGL. Risk factors for the progressionof coronaryartery calcification in asymp-
tomatic subjects: results from the Multi-Ethnic Study of Atherosclerosis (MESA).
Circulation 2007;115:2722–2730.

34. Nicholls SJ, Hsu A, Wolski K, Hu B, Bayturan O, Lavoie A, Uno K, Tuzcu EM,
Nissen SE. Intravascular ultrasound-derived measures of coronary atherosclerotic
plaque burden and clinical outcome. J Am Coll Cardiol 2010;55:2399–2407.

35. Pekkanen J, Linn S, Heiss G, Suchindran CM, Leon A, Rifkind BM, Tyroler HA.
Ten-year mortality from cardiovascular disease in relation to cholesterol level
among men with and without preexisting cardiovascular disease. N Eng J Med
1990;322:1700–1707.

36. Bayturan O, Tuzcu EM, Uno K, Lavoie AJ, Hu T, Shreevatsa A, Wolski K,
Schoenhagen P, Kapadia S, Nissen SE, Nicholls SJ. Comparison of rates of progres-
sion of coronaryatherosclerosis inpatientswith diabetes mellitus versus thosewith
the metabolic syndrome. Am J Cardiol 2010;105:1735–1739.

37. Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, Albus C,
Benlian P, Boysen G, Cifkova R, Deaton C, Ebrahim S, Fisher M, Germano G,
Hobbs R, Hoes A, Karadeniz S, Mezzani A, Prescott E, Ryden L, Scherer M,
Syvanne M, Scholte Op Reimer WJ, Vrints C, Wood D, Zamorano JL, Zannad F,
Cooney MT, Bax J, Baumgartner H, Ceconi C, Dean V, Fagard R,
Funck-Brentano C, Hasdai D, Kirchhof P, Knuuti J, Kolh P, McDonagh T,
Moulin C, Popescu BA, Sechtem U, Sirnes PA, Tendera M, Torbicki A,
Vahanian A, Windecker S, Aboyans V, Ezquerra EA, Baigent C, Brotons C,
Burell G, Ceriello A, De Sutter J, Deckers J, Del Prato S, Diener HC,
Fitzsimons D, Fras Z, Hambrecht R, Jankowski P, Keil U, Kirby M, Larsen ML,
Mancia G, Manolis AJ, McMurray J, Pajak A, Parkhomenko A, Rallidis L, Rigo F,
Rocha E, Ruilope LM, van der Velde E, Vanuzzo D, Viigimaa M, Volpe M,
WiklundO, Wolpert C. EuropeanGuidelines oncardiovasculardisease prevention
in clinical practice (version 2012): The Fifth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease Prevention
in Clinical Practice (constituted by representatives of nine societies and by invited
experts) * Developed with the special contribution of the European Association

ESC Guidelines 2997

 by guest on January 5, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J 2012;33:
1635–1701.

38. Frey P, Waters DD, DeMicco DA, Breazna A, Samuels L, Pipe A, Wun CC,
BenowitzNL. Impactof smokingon cardiovascularevents inpatients with coronary
disease receiving contemporary medical therapy (from the Treating to New
Targets [TNT] and the Incremental Decrease in End Points Through Aggressive
Lipid Lowering [IDEAL] trials). Am J Cardiol 2011;107:145–150.

39. Otaki Y, Gransar H, Berman DS, Cheng VY, Dey D, Lin FY, Achenbach S,
Al-Mallah M, Budoff MJ, Cademartiri F, Callister TQ, Chang HJ, Chinnaiyan K,
Chow BJ, Delago A, Hadamitzky M, Hausleiter J, Kaufmann P, Maffei E, Raff G,
Shaw LJ, Villines TC, Dunning A, Min JK. Impact of family history of coronary
artery disease in young individuals (from the CONFIRM registry). Am J Cardiol
2013;111:1081–1086.

40. Nicholls SJ, Ballantyne CM, Barter PJ, Chapman MJ, Erbel RM, Libby P, Raichlen JS,
Uno K, Borgman M, Wolski K, Nissen SE. Effect of two intensive statin regimens on
progression of coronary disease. N Eng J Med 2011;365:2078–2087.

41. Mock MB, Ringqvist I, Fisher LD, Davis KB, Chaitman BR, Kouchoukos NT,
Kaiser GC, Alderman E, RyanTJ, Russell RO Jr., Mullin S, FrayD, Killip T 3rd. Survival
of medically treated patients in the coronary artery surgery study (CASS) registry.
Circulation 1982;66:562–568.

42. Harris PJ, Harrell FE Jr., Lee KL, Behar VS, Rosati RA. Survival in medically treated
coronary artery disease. Circulation 1979;60:1259–1269.

43. Diaz A, Bourassa MG, Guertin MC, Tardif JC. Long-term prognostic value of resting
heart rate in patients with suspected or proven coronary artery disease. Eur Heart J
2005;26:967–974.

44. Califf RM, Armstrong PW, Carver JR, D’Agostino RB, Strauss WE. 27th Bethesda
Conference: matching the intensity of risk factor management with the hazard
for coronary disease events. Task Force 5. Stratification of patients into high,
medium and low risk subgroups for purposes of risk factor management. J Am
Coll Cardiol 1996;27:1007–1019.

45. Califf RM, Mark DB, Harrell FE Jr., Hlatky MA, Lee KL, Rosati RA, Pryor DB. Import-
ance of clinical measures of ischemia in the prognosis of patients with documented
coronary artery disease. J Am Coll Cardiol 1988;11:20–26.

46. Ladwig KH, Roll G, Breithardt G, Budde T, Borggrefe M. Post-infarction depression
and incomplete recovery 6 months after acute myocardial infarction. Lancet 1994;
343:20–23.

47. Frasure-Smith N, Lesperance F, Talajic M. Depression following myocardial infarc-
tion. Impact on 6-month survival. JAMA 1993;270:1819–1825.

48. Amsterdam EA, Kirk JD, Bluemke DA, Diercks D, Farkouh ME, Garvey JL,
Kontos MC, McCord J, Miller TD, Morise A, Newby LK, Ruberg FL, Scordo KA,
Thompson PD. Testing of low-risk patients presenting to the emergency depart-
ment with chest pain: a scientific statement from the American Heart Association.
Circulation 2010;122:1756–1776.

49. Lockie TP, Rolandi MC, Guilcher A, Perera D, De Silva K, Williams R, Asrress KN,
Patel K, Plein S, Chowienczyk P, Siebes M, Redwood SR, Marber MS. Synergistic
adaptations to exercise in the systemic and coronary circulations that underlie
the warm-up angina phenomenon. Circulation 2012;126:2565–2574.

50. Diamond GA. Aclinically relevant classificationof chestdiscomfort. J Am CollCardiol
1983;1:574–575.

51. Lanza GA, Sestito A, Sgueglia GA, Infusino F, Manolfi M, Crea F, Maseri A. Current
clinical features, diagnostic assessment and prognostic determinants of patients
with variant angina. Int J Cardiol 2007;118:41–47.

52. Lanza GA, Crea F. Primary coronary microvascular dysfunction: clinical presenta-
tion, pathophysiology, and management. Circulation 2010;121:2317–2325.

53. Campeau L. Letter: Grading of angina pectoris. Circulation 1976;54:522–523.
54. Boesner S, Haasenritter J, Becker A, Karatolios K, Vaucher P, Gencer B, Herzig L,

Heinzel-Gutenbrunner M, Schaefer JR, Abu Hani M, Keller H, Sonnichsen AC,
Baum E, Donner-Banzhoff N. Ruling out coronary artery disease in primary care:
development and validation of a simple prediction rule. CMAJ 2010;182:
1295–1300.

55. Boesner S, Becker A, Abu Hani M, Keller H, Sonnichsen AC, Haasenritter J,
Karatolios K, Schaefer JR, Baum E, Donner-Banzhoff N. Accuracy of symptoms
and signs for coronary heart disease assessed in primary care. Br J Gen Pract 2010;
60:e246–e257.

56. Madjid M, Fatemi O. Components of the complete blood count as risk predictors
for coronary heart disease: in-depth review and update. Tex Heart Inst J 2013;40:
17–29.

57. Ryden L. ESC Guideline diabetes 2013. Eur Heart J 2013.
58. Bartnik M, Ryden L, Malmberg K, Ohrvik J, Pyorala K, Standl E, Ferrari R, Simoons M,

Soler-Soler J, Euro Heart Survey I. Oral glucose tolerance test is needed for appro-
priate classification of glucose regulation in patients with coronary artery disease: a
report from the Euro Heart Survey on Diabetes and the Heart. Heart 2007;93:
72–77.

59. Lenzen M, Ryden L, Ohrvik J, Bartnik M, Malmberg K, Scholte Op Reimer W,
Simoons ML. Diabetes known or newly detected, but not impaired glucose

regulation, has a negative influence on 1-year outcome in patients with coronary
artery disease: a report from the Euro Heart Survey on diabetes and the heart.
Eur Heart J 2006;27:2969–2974.

60. Selvin E, Steffes MW, Zhu H, Matsushita K, Wagenknecht L, Pankow J, Coresh J,
Brancati FL. Glycated hemoglobin, diabetes, and cardiovascular risk in nondiabetic
adults. N Eng J Med 2010;362:800–811.

61. Gerstein HC, Islam S, Anand S, Almahmeed W, Damasceno A, Dans A, Lang CC,
Luna MA, McQueen M, Rangarajan S, Rosengren A, Wang X, Yusuf S. Dysglycaemia
and the risk of acute myocardial infarction in multiple ethnic groups: an analysis of
15,780 patients from the INTERHEART study. Diabetologia 2010;53:2509–2517.

62. Reiner Z, Catapano AL, De Backer G, Graham I, Taskinen MR, Wiklund O,
Agewall S, Alegria E, Chapman MJ, Durrington P, Erdine S, Halcox J, Hobbs R,
Kjekshus J, Filardi PP, Riccardi G, Storey RF, Wood D, Bax J, Vahanian A,
Auricchio A, Baumgartner H, Ceconi C, Dean V, Deaton C, Fagard R,
Filippatos G, Funck-Brentano C, Hasdai D, Hoes A, Kearney P, Knuuti J, Kolh P,
McDonagh T, Moulin C, Poldermans D, Popescu BA, Sechtem U, Sirnes PA,
Tendera M, Torbicki A, Vardas P, Widimsky P, Windecker S, Berkenboom G, De
Graaf J, Descamps O, Gotcheva N, Griffith K, Guida GF, Gulec S, Henkin Y,
Huber K, Kesaniemi YA, Lekakis J, Manolis AJ, Marques-Vidal P, Masana L,
McMurray J, Mendes M, Pagava Z, Pedersen T, Prescott E, Rato Q, Rosano G,
Sans S, Stalenhoef A, Tokgozoglu L, Viigimaa M, Wittekoek ME, Zamorano JL.
ESC/EAS Guidelines for the management of dyslipidaemias: the Task Force for
the management of dyslipidaemias of the European Society of Cardiology (ESC)
and the European Atherosclerosis Society (EAS). Eur Heart J 2011;32:1769–1818.

63. Sedlis SP, Jurkovitz CT, Hartigan PM, Goldfarb DS, Lorin JD, Dada M, Maron DJ,
Spertus JA, Mancini GB, Teo KK, O’Rourke RA, Boden WE, Weintraub WS.
Optimal medical therapy with or without percutaneous coronary intervention
for patients with stable coronary artery disease and chronic kidney disease. Am J
Cardiol 2009;104:1647–1653.

64. Reddan DN, Szczech LA, Tuttle RH, Shaw LK, Jones RH, Schwab SJ, Smith MS,
Califf RM, Mark DB, Owen WF Jr. Chronic kidney disease, mortality, and treatment
strategies among patients with clinically significant coronary artery disease. J Am Soc
Nephrol 2003;14:2373–2380.

65. Di Angelantonio E, Chowdhury R, Sarwar N, Aspelund T, Danesh J, Gudnason V.
Chronic kidney disease and risk of major cardiovascular disease and non-vascular
mortality: prospective population based cohort study. BMJ 2010;341:c4986.

66. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatin-
ine. Nephron 1976;16:31–41.

67. LeveyAS, Bosch JP, Lewis JB, GreeneT, RogersN, RothD. A moreaccuratemethod
to estimate glomerular filtration rate fromserumcreatinine: a newpredictionequa-
tion. Modification of Diet in Renal Disease Study Group. Ann Intern Med 1999;130:
461–470.

68. Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman HI, Greene T, Kusek JW,
Manzi J, Van Lente F, Zhang YL, Coresh J, Levey AS, Investigators C-E. Estimating
glomerular filtration rate from serum creatinine and cystatin C. N Eng J Med
2012;367:20–29.

69. Hemingway H, Philipson P, Chen R, Fitzpatrick NK, Damant J, Shipley M,
Abrams KR, Moreno S, McAllister KS, Palmer S, Kaski JC, Timmis AD,
Hingorani AD. Evaluating the quality of research into a single prognostic biomarker:
a systematic review and meta-analysis of 83 studies of C-reactive protein in stable
coronary artery disease. PLoS Med 2010;7:e1000286.

70. Sabatine MS, Morrow DA, de Lemos JA, Omland T, Sloan S, Jarolim P, Solomon SD,
Pfeffer MA, Braunwald E. Evaluation of multiple biomarkers of cardiovascular stress
for risk prediction and guiding medical therapy in patients with stable coronary
disease. Circulation 2012;125:233–240.

71. Sutaria S, Philipson P, Fitzpatrick NK, Abrams K, Moreno SG, Timmis A,
Hingorani AD, Hemingway H. Translational phases of evidence in a prognostic bio-
marker: a systematic review and meta-analysis of natriuretic peptides and the prog-
nosis of stable coronary disease. Heart 2012;98:615–622.

72. Humphries SE, Drenos F, Ken-Dror G, Talmud PJ. Coronary heart disease risk pre-
diction in the era of genome-wide association studies: current status and what the
future holds. Circulation 2010;121:2235–2248.

73. Reichlin T, Hochholzer W, Bassetti S, Steuer S, Stelzig C, Hartwiger S, Biedert S,
Schaub N, Buerge C, Potocki M, Noveanu M, Breidthardt T, Twerenbold R,
Winkler K, Bingisser R, Mueller C. Early diagnosis of myocardial infarction with sen-
sitive cardiac troponin assays. N Eng J Med 2009;361:858–867.

74. Keller T, ZellerT, PeetzD,Tzikas S, RothA,Czyz E, BickelC, Baldus S,Warnholtz A,
Frohlich M, Sinning CR, Eleftheriadis MS, Wild PS, Schnabel RB, Lubos E,
Jachmann N, Genth-Zotz S, Post F, Nicaud V, Tiret L, Lackner KJ, Munzel TF,
Blankenberg S. Sensitive troponin I assay in early diagnosis of acute myocardial in-
farction. N Eng J Med 2009;361:868–877.

75. da Silveira AD, Ribeiro RA, Rossini AP, Stella SF, Ritta HA, Stein R, Polanczyk CA.
Association of anemia with clinical outcomes in stable coronary artery disease.
Coron Artery Dis 2008;19:21–26.

ESC Guidelines2998

 by guest on January 5, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


76. Schwarz PE, Li J, Lindstrom J, Tuomilehto J. Tools for predicting the risk of type 2
diabetes in daily practice. Horm Metab Res 2009;41:86–97.

77. Di Angelantonio E, Danesh J, Eiriksdottir G, Gudnason V. Renal function and risk of
coronary heart disease in general populations: new prospective study and system-
atic review. PLoS Med 2007;4:e270.

78. Androulakis A, Aznaouridis KA, Aggeli CJ, Roussakis GN, Michaelides AP,
Kartalis AN, Stougiannos PN, Dilaveris PE, Misovoulos PI, Stefanadis CI,
Kallikazaros IE. Transient ST-segment depression during paroxysms of atrial fibril-
lation in otherwise normal individuals: relation with underlying coronary artery
disease. J Am Coll Cardiol 2007;50:1909–1911.

79. Daly C, Norrie J, Murdoch DL, Ford I, Dargie HJ, Fox K. The value of routine non-
invasive tests to predict clinical outcome in stable angina. Eur Heart J 2003;24:
532–540.

80. Douglas PS, Garcia MJ, Haines DE, Lai WW, Manning WJ, Patel AR, Picard MH,
Polk DM, Ragosta M, Ward RP, Weiner RB. ACCF/ASE/AHA/ASNC/HFSA/HRS/
SCAI/SCCM/SCCT/SCMR 2011 Appropriate Use Criteria for Echocardiography.
A Report of the American College of Cardiology Foundation Appropriate Use Cri-
teria Task Force, American Society of Echocardiography, American Heart Associ-
ation, American Society of Nuclear Cardiology, Heart Failure Society of America,
Heart Rhythm Society, Society for Cardiovascular Angiography and Interventions,
Society of Critical Care Medicine, Society of Cardiovascular Computed Tomog-
raphy, andSociety forCardiovascularMagnetic ResonanceEndorsed by the Ameri-
can College of Chest Physicians. J Am Coll Cardiol 2011;57:1126–1166.

81. Korcarz CE, Hirsch AT, Bruce C, DeCara JM, Mohler ER, Pogue B, Postley J,
Tzou WS, Stein JH. Carotid intima-media thickness testing by non-sonographer
clinicians: the office practice assessment of carotid atherosclerosis study. J Am
Soc Echocardiogr 2008;21:117–122.

82. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, Najjar SS,
Rembold CM, Post WS, American Society of Echocardiography Carotid Intima-
Media Thickness Task F. Use of carotid ultrasound to identify subclinical vascular
disease and evaluate cardiovascular disease risk: a consensus statement from the
American Society of Echocardiography Carotid Intima-Media Thickness Task
Force. Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiogr
2008;21:93–111.

83. Plichart M, Celermajer DS, Zureik M, Helmer C, Jouven X, Ritchie K, Tzourio C,
Ducimetiere P, Empana JP. Carotid intima-media thickness in plaque-free site,
carotid plaques and coronary heart disease risk prediction in older adults. The
Three-City Study. Atherosclerosis 2011;219:917–924.

84. O’Mahony MS, Sim MF, Ho SF, Steward JA, Buchalter M, Burr M. Diastolic heart
failure in older people. Age Ageing 2003;32:519–524.

85. Aroesty JM, McKay RG, Heller GV, Royal HD, Als AV, Grossman W. Simultaneous
assessment of left ventricular systolic and diastolic dysfunction during
pacing-induced ischemia. Circulation 1985;71:889–900.

86. Shaw LJ, Bugiardini R, Merz CN. Women and ischemic heart disease: evolving
knowledge. J Am Coll Cardiol 2009;54:1561–1575.

87. Hendel RC, Patel MR, Kramer CM, Poon M, Carr JC, Gerstad NA, Gillam LD,
Hodgson JM, Kim RJ, Lesser JR, Martin ET, Messer JV, Redberg RF, Rubin GD,
Rumsfeld JS, Taylor AJ, Weigold WG, Woodard PK, Brindis RG, Douglas PS,
Peterson ED, Wolk MJ, Allen JM. ACCF/ACR/SCCT/SCMR/ASNC/NASCI/
SCAI/SIR 2006 appropriateness criteria for cardiac computed tomography and
cardiac magnetic resonance imaging: a report of the American College of Cardi-
ology Foundation Quality Strategic Directions Committee Appropriateness Cri-
teria Working Group, American College of Radiology, Society of Cardiovascular
Computed Tomography, Society for Cardiovascular Magnetic Resonance, Ameri-
can Society of Nuclear Cardiology, North American Society for Cardiac Imaging,
Society for Cardiovascular Angiography and Interventions, and Societyof Interven-
tional Radiology. J Am Coll Cardiol 2006;48:1475–1497.

88. Cohn PF, Fox KM, Daly C. Silent myocardial ischemia. Circulation 2003;108:
1263–1277.

89. McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K, Falk V,
Filippatos G, Fonseca C, Gomez-Sanchez MA, Jaarsma T, Kober L, Lip GY,
Maggioni AP, Parkhomenko A, Pieske BM, Popescu BA, Ronnevik PK, Rutten FH,
Schwitter J, Seferovic P, Stepinska J, Trindade PT, Voors AA, Zannad F, Zeiher A,
Bax JJ, Baumgartner H, Ceconi C, Dean V, Deaton C, Fagard R,
Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, Knuuti J, Kolh P, McDonagh T,
Moulin C, Reiner Z, Sechtem U, Sirnes PA, Tendera M, Torbicki A, Vahanian A,
Windecker S, Bonet LA, Avraamides P, Ben Lamin HA, Brignole M, Coca A,
Cowburn P, Dargie H, Elliott P, Flachskampf FA, Guida GF, Hardman S, Iung B,
Merkely B, Mueller C, Nanas JN, Nielsen OW, Orn S, Parissis JT, Ponikowski P.
ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure 2012: The Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiology. Developed
in collaboration with the Heart Failure Association (HFA) of the ESC. Eur Heart J
2012;33:1787–1847.

90. Diamond GA,Forrester JS.Analysisof probability as an aid in the clinical diagnosis of
coronary-artery disease. N Eng J Med 1979;300:1350–1358.

91. Gibbons RJ, Abrams J, Chatterjee K, Daley J, Deedwania PC, Douglas JS,
Ferguson TB Jr., Fihn SD, Fraker TD Jr., Gardin JM, O’Rourke RA, Pasternak RC,
Williams SV, Alpert JS, Antman EM, Hiratzka LF, Fuster V, Faxon DP,
Gregoratos G, Jacobs AK, Smith SC Jr. ACC/AHA 2002 guideline update for the
management of patients with chronic stable angina: summary article: a report of
the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines (Committee on the Management of Patients With Chronic
Stable Angina). Circulation 2003;107:149–158.

92. Diamond GA, Kaul S. Gone fishing!: on the "real-world" accuracy of computed
tomographic coronary angiography: Comment on the "Ontario multidetector
computed tomographic coronary angiography study". Arch Intern Med 2011;171:
1029–1031.

93. Mark DB, Hlatky MA, Harrell FE Jr., Lee KL, Califf RM, Pryor DB. Exercise treadmill
score for predicting prognosis in coronary artery disease. Ann Intern Med 1987;106:
793–800.

94. Froelicher VF, Lehmann KG, Thomas R, Goldman S, Morrison D, Edson R, Lavori P,
Myers J, Dennis C, Shabetai R, Do D, Froning J. The electrocardiographic exercise
test in a population with reduced workup bias: diagnostic performance, computer-
ized interpretation, and multivariable prediction. Veterans Affairs Cooperative
Study in Health Services #016 (QUEXTA) Study Group. Quantitative Exercise
Testing and Angiography. Ann Intern Med 1998;128:965–974.

95. Morise AP, Diamond GA. Comparison of the sensitivity and specificity of exercise
electrocardiography in biased and unbiased populations of men and women. Am
Heart J 1995;130:741–747.

96. Heijenbrok-Kal MH, Fleischmann KE, Hunink MG. Stress echocardiography, stress
single-photon-emission computed tomography and electron beam computed
tomography for the assessment of coronary artery disease: a meta-analysis of diag-
nostic performance. Am Heart J 2007;154:415–423.

97. Mc Ardle BA, Dowsley TF, deKemp RA, Wells GA, Beanlands RS. Does
rubidium-82 PET have superior accuracy to SPECT perfusion imaging for the diag-
nosis of obstructive coronary disease?: A systematic review and meta-analysis. J Am
Coll Cardiol 2012;60:1828–1837.

98. de Jong MC, Genders TS, van Geuns RJ, Moelker A, Hunink MG. Diagnostic per-
formance of stress myocardial perfusion imaging for coronary artery disease: a sys-
tematic review and meta-analysis. Eur Radiol 2012;22:1881–1895.

99. Higgins JP, Williams G, Nagel JS, Higgins JA. Left bundle-branch block artifact on
single photon emission computed tomography with technetium Tc 99m
(Tc-99m) agents: mechanisms and a method to decrease false-positive interpreta-
tions. Am Heart J 2006;152:619–626.

100. Nandalur KR, Dwamena BA, Choudhri AF, Nandalur MR, Carlos RC. Diagnostic
performance of stress cardiac magnetic resonance imaging in the detection of cor-
onary artery disease: a meta-analysis. J Am Coll Cardiol 2007;50:1343–1353.

101. Hamon M, Fau G, Nee G, Ehtisham J, Morello R. Meta-analysis of the diagnostic per-
formance of stress perfusion cardiovascular magnetic resonance for detection of
coronary artery disease. J Cardiovasc Magn Reson 2010;12:29.

102. Schwitter J, Wacker CM, Wilke N, Al-Saadi N, Sauer E, Huettle K, Schonberg SO,
Luchner A, Strohm O, Ahlstrom H, Dill T, Hoebel N, Simor T. MR-IMPACT II: Mag-
netic Resonance Imaging for Myocardial Perfusion Assessment in Coronary artery
disease Trial: perfusion-cardiac magnetic resonance vs. single-photon emission
computed tomography for the detection of coronary artery disease: a comparative
multicentre, multivendor trial. Eur Heart J 2012; 34(10):775–81

103. Budoff MJ, Dowe D, Jollis JG, Gitter M, Sutherland J, Halamert E, Scherer M,
Bellinger R, Martin A, Benton R, Delago A, Min JK. Diagnostic performance of
64-multidetector row coronary computed tomographic angiography for evalu-
ation of coronary artery stenosis in individuals without known coronary artery
disease: results from the prospective multicenter ACCURACY (Assessment by
Coronary Computed Tomographic Angiography of Individuals Undergoing Inva-
sive Coronary Angiography) trial. J Am Coll Cardiol 2008;52:1724–1732.

104. Miller JM, Rochitte CE, Dewey M, Arbab-Zadeh A, Niinuma H, Gottlieb I, Paul N,
Clouse ME, Shapiro EP, Hoe J, Lardo AC, Bush DE, de Roos A, Cox C, Brinker J,
Lima JA. Diagnostic performance of coronary angiography by 64-row CT. N Eng J
Med 2008;359:2324–2336.

105. Meijboom WB, Meijs MF, Schuijf JD, Cramer MJ, Mollet NR, van Mieghem CA,
Nieman K, van Werkhoven JM, Pundziute G, Weustink AC, de Vos AM,
Pugliese F, Rensing B, Jukema JW, Bax JJ, Prokop M, Doevendans PA, Hunink MG,
Krestin GP, de Feyter PJ. Diagnostic accuracy of 64-slice computed tomography
coronary angiography: a prospective, multicenter, multivendor study. J Am Coll
Cardiol 2008;52:2135–2144.

106. Jaarsma C, Leiner T, Bekkers SC, Crijns HJ, Wildberger JE, Nagel E, Nelemans PJ,
Schalla S. Diagnostic performance of noninvasive myocardial perfusion imaging
using single-photon emission computed tomography, cardiac magnetic resonance,
and positron emission tomography imaging for the detection of obstructive coron-
ary artery disease: a meta-analysis. J Am Coll Cardiol 2012;59:1719–1728.

ESC Guidelines 2999

 by guest on January 5, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


107. National Institute for Health and Clinical Excellence. (2010) Chest pain of recent
onset. (Clinical guideline 95.). http://guidance.nice.org.uk/CG95., http://
www.nice.org.uk/guidance/CG95 (7 August 2013).

108. Genders TS, Steyerberg EW, Alkadhi H, Leschka S, Desbiolles L, Nieman K,
Galema TW, Meijboom WB, Mollet NR, de Feyter PJ, Cademartiri F, Maffei E,
Dewey M, Zimmermann E, Laule M, Pugliese F, Barbagallo R, Sinitsyn V,
Bogaert J, Goetschalckx K, Schoepf UJ, Rowe GW, Schuijf JD, Bax JJ, de Graaf FR,
Knuuti J, Kajander S, van Mieghem CA, Meijs MF, Cramer MJ, Gopalan D,
Feuchtner G, Friedrich G, Krestin GP, Hunink MG. A clinical prediction rule for
the diagnosis of coronary artery disease: validation, updating, and extension. Eur
Heart J 2011;32:1316–1330.

109. Miller TD, RogerVL, Hodge DO, Gibbons RJ. A simple clinical score accurately pre-
dicts outcome in a community-based population undergoing stress testing. Am J
Med 2005;118:866–872.

110. Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van’ t Veer M, Klauss V,
Manoharan G, Engstrom T, Oldroyd KG, Ver Lee PN, MacCarthy PA,
Fearon WF. Fractional flow reserve versus angiography for guiding percutaneous
coronary intervention. N Eng J Med 2009;360:213–224.

111. Abbara S, Arbab-Zadeh A, Callister TQ, Desai MY, Mamuya W, Thomson L,
Weigold WG. SCCT guidelines for performance of coronary computed tomo-
graphic angiography: a report of the Society of Cardiovascular Computed Tomog-
raphy Guidelines Committee. J Cardiovasc Comput Tomogr 2009;3:190–204.

112. Genders TS, Meijboom WB, Meijs MF, Schuijf JD, Mollet NR, Weustink AC,
Pugliese F, Bax JJ, Cramer MJ, Krestin GP, de Feyter PJ, Hunink MG. CT coronary
angiography in patients suspected of having coronary artery disease: decision
making from various perspectives in the face of uncertainty. Radiology 2009;253:
734–744.

113. Belardinelli R, Lacalaprice F, Carle F, Minnucci A, Cianci G, Perna G, D’Eusanio G.
Exercise-induced myocardial ischaemia detected by cardiopulmonary exercise
testing. Eur Heart J 2003;24:1304–1313.

114. Pradhan R, Chaudhary A, Donato AA. Predictive accuracy of ST depression during
rapid atrial fibrillation on the presence of obstructive coronary artery disease. Am J
Emerg Med 2012;30:1042–1047.

115. Shaw LJ, Mieres JH, Hendel RH, Boden WE, Gulati M, Veledar E, Hachamovitch R,
Arrighi JA, Merz CN, Gibbons RJ, Wenger NK, Heller GV. Comparative effective-
ness of exercise electrocardiography with or without myocardial perfusion single
photon emission computed tomography in women with suspected coronary
artery disease: results from the What Is the Optimal Method for Ischemia Evalu-
ation in Women (WOMEN) trial. Circulation 2011;124:1239–1249.

116. Gianrossi R, Detrano R, Mulvihill D, Lehmann K, Dubach P, Colombo A,
McArthur D, Froelicher V. Exercise-induced ST depression in the diagnosis of cor-
onary artery disease. A meta-analysis. Circulation 1989;80:87–98.

117. Fleischmann KE, Hunink MG, Kuntz KM, Douglas PS. Exercise echocardiographyor
exercise SPECT imaging? A meta-analysis of diagnostic test performance. JAMA
1998;280:913–920.

118. Chelliah R, Anantharam B, Burden L, Alhajiri A, Senior R. Independent and incre-
mental value of stress echocardiography over clinical and stress electrocardio-
graphic parameters for the prediction of hard cardiac events in new-onset
suspected angina with no history of coronary artery disease. Eur J Echocardiogr
2010;11:875–882.

119. Marwick TH, Shaw L, Case C, Vasey C, Thomas JD. Clinical and economic impact of
exercise electrocardiography and exercise echocardiography in clinical practice.
Eur Heart J 2003;24:1153–1163.

120. Mattera JA, Arain SA, Sinusas AJ, Finta L, Wackers FJ. Exercise testing with myocar-
dial perfusion imaging in patients with normal baseline electrocardiograms: cost
savings with a stepwise diagnostic strategy. J Nucl Cardiol 1998;5:498–506.

121. Sicari R, Nihoyannopoulos P, EvangelistaA, Kasprzak J, Lancellotti P, Poldermans D,
Voigt JU, Zamorano JL. Stress echocardiography expert consensus statement:
European Association of Echocardiography (EAE) (a registered branch of the
ESC). Eur J Echocardiogr 2008;9(415–437.

122. Senior R, Becher H, Monaghan M, Agati L, Zamorano J, Vanoverschelde JL,
Nihoyannopoulos P. Contrast echocardiography: evidence-based recommenda-
tions by European Association of Echocardiography. Eur J Echocardiogr 2009;10:
194–212.

123. Senior R, Moreo A, Gaibazzi N, Agati L, Tiemann K, Shivalkar B, von Bardeleben S,
Galiuto L, Lardoux H, Trocino G, Carrio I, Le Guludec D, Sambuceti G, Becher H,
Colonna P, Cate FT, Bramucci E, Cohen A, Bezante G, Aggeli C, Kasprzak JD. Com-
parison of Sulfur Hexafluoride Microbubble (SonoVue)-Enhanced Myocardial
Echocardiography to gated Single Photon Emission Computerized Tomography
for the Detection of Significant Coronary Artery Disease: A Large European Multi-
centre Study. J Am Coll Cardiol 2013; pii: S0735–1097(13)02262-6. doi: 10.1016/
j.jacc.2013.04.082. [Epub ahead of print]

124. Plana JC, Mikati IA, Dokainish H, Lakkis N, Abukhalil J, Davis R, Hetzell BC,
Zoghbi WA. A randomized cross-over study for evaluation of the effect of image
optimization with contrast on the diagnostic accuracy of dobutamine

echocardiography in coronary artery disease The OPTIMIZE Trial. JACC Cardiovasc
Imaging 2008;1:145–152.

125. Voigt JU, Exner B, Schmiedehausen K, Huchzermeyer C, Reulbach U, Nixdorff U,
Platsch G, Kuwert T, Daniel WG, Flachskampf FA. Strain-rate imaging during dobu-
tamine stress echocardiography provides objective evidence of inducible ischemia.
Circulation 2003;107:2120–2126.

126. Imbert L, Poussier S, Franken PR, Songy B, Verger A, Morel O, Wolf D, Noel A,
Karcher G, Marie PY. Compared performance of high-sensitivity cameras dedi-
cated to myocardial perfusion SPECT: a comprehensive analysis of phantom and
human images. J Nucl Med 2012;53:1897–1903.

127. Ritchie JL, Bateman TM, Bonow RO, Crawford MH, Gibbons RJ, Hall RJ,
O’Rourke RA, Parisi AF, Verani MS. Guidelines for clinical use of cardiac radio-
nuclide imaging. Report of the American College of Cardiology/American Heart
Association Task Force on Assessment of Diagnostic and Therapeutic Cardiovas-
cular Procedures (Committee on Radionuclide Imaging), developed in collabor-
ation with the American Society of Nuclear Cardiology. J Am Coll Cardiol 1995;
25:521–547.

128. Al Jaroudi W, Iskandrian AE. Regadenoson: a new myocardial stress agent. J Am Coll
Cardiol 2009;54:1123–1130.

129. Bateman TM, Heller GV, McGhie AI, Friedman JD, Case JA, Bryngelson JR,
Hertenstein GK, Moutray KL, Reid K, Cullom SJ. Diagnostic accuracy of rest/
stress ECG-gated Rb-82 myocardial perfusion PET: comparison with ECG-gated
Tc-99m sestamibi SPECT. J Nucl Cardiol 2006;13:24–33.

130. Di Carli MF, Hachamovitch R. New technology for noninvasive evaluation of cor-
onary artery disease. Circulation 2007;115:1464–1480.

131. Kajander S, Joutsiniemi E, Saraste M, Pietila M, Ukkonen H, Saraste A, Sipila HT,
Teras M, Maki M, Airaksinen J, Hartiala J, Knuuti J. Cardiac positron emission tom-
ography/computed tomography imaging accurately detects anatomically and func-
tionally significant coronary artery disease. Circulation 2010;122:603–613.

132. Nagel E, Lehmkuhl HB, Bocksch W, Klein C, Vogel U, Frantz E, Ellmer A, Dreysse S,
Fleck E. Noninvasive diagnosis of ischemia-induced wall motion abnormalities with
the use of high-dose dobutamine stress MRI: comparison with dobutamine stress
echocardiography. Circulation 1999;99:763–770.

133. Wahl A, Paetsch I, Gollesch A, Roethemeyer S, Foell D, Gebker R, Langreck H,
Klein C, Fleck E, Nagel E. Safety and feasibility of high-dose dobutamine-atropine
stress cardiovascular magnetic resonance for diagnosis of myocardial ischaemia:
experience in 1000 consecutive cases. Eur Heart J 2004;25:1230–1236.

134. Secknus MA, Marwick TH. Evolution of dobutamine echocardiography protocols
and indications: safety and side effects in 3,011 studies over 5 years. J Am Coll
Cardiol 1997;29:1234–1240.

135. Hundley WG, Hamilton CA, Thomas MS, Herrington DM, Salido TB, Kitzman DW,
Little WC, Link KM. Utility of fast cine magnetic resonance imaging and display for
the detectionof myocardial ischemia inpatients not well suited for second harmon-
ic stress echocardiography. Circulation 1999;100:1697–1702.

136. Greenwood JP, Maredia N, Younger JF, Brown JM, Nixon J, Everett CC,
Bijsterveld P, Ridgway JP, Radjenovic A, Dickinson CJ, Ball SG, Plein S. Cardiovascu-
lar magnetic resonance and single-photon emission computed tomography for
diagnosis of coronary heart disease (CE-MARC): a prospective trial. Lancet 2012;
379:453–460.

137. Heydari B, Jerosch-Herold M, Kwong RY. Assessment of myocardial ischemia with
cardiovascular magnetic resonance. Prog Cardiovasc Dis 2011;54:191–203.

138. Lockie T, Ishida M, Perera D, Chiribiri A, De Silva K, Kozerke S, Marber M, Nagel E,
Rezavi R, Redwood S, Plein S. High-resolution magnetic resonance myocardial per-
fusion imaging at 3.0-Tesla to detect hemodynamically significant coronary sten-
oses as determined by fractional flow reserve. J Am Coll Cardiol 2011;57:70–75.

139. Cheng AS, Pegg TJ, Karamitsos TD, Searle N, Jerosch-Herold M, Choudhury RP,
Banning AP, Neubauer S, Robson MD, Selvanayagam JB. Cardiovascular magnetic
resonance perfusion imaging at 3-tesla for the detection of coronary artery
disease: a comparison with 1.5-tesla. J Am Coll Cardiol 2007;49:2440–2449.

140. Bernhardt P, Walcher T, Rottbauer W, Wohrle J. Quantification of myocardial per-
fusion reserve at 1.5 and 3.0 Tesla: a comparison to fractional flow reserve. Int J Car-
diovasc Imaging 2012;28:2049–2056.

141. Gaemperli O, Bengel FM, Kaufmann PA. Cardiac hybrid imaging. Eur Heart J 2011;
32:2100–2108.

142. Pazhenkottil AP, Nkoulou RN, Ghadri JR, Herzog BA, Buechel RR, Kuest SM,
Wolfrum M, Fiechter M, Husmann L, Gaemperli O, Kaufmann PA. Prognostic
value of cardiac hybrid imaging integrating single-photon emission computed tom-
ography with coronary computed tomography angiography. Eur Heart J 2011;32:
1465–1471.

143. Sabharwal NK, Stoykova B, Taneja AK, Lahiri A. A randomized trial of exercise
treadmill ECG versus stress SPECT myocardial perfusion imaging as an initial diag-
nostic strategy in stable patients with chest pain and suspected CAD: cost analysis.
J Nucl Cardiol 2007;14:174–186.

ESC Guidelines3000

 by guest on January 5, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://guidance.nice.org.uk/CG95
http://guidance.nice.org.uk/CG95
http://guidance.nice.org.uk/CG95
http://guidance.nice.org.uk/CG95
http://guidance.nice.org.uk/CG95
http://guidance.nice.org.uk/CG95
http://www.nice.org.uk/guidance/CG95
http://www.nice.org.uk/guidance/CG95
http://www.nice.org.uk/guidance/CG95
http://www.nice.org.uk/guidance/CG95
http://www.nice.org.uk/guidance/CG95
http://www.nice.org.uk/guidance/CG95
http://www.nice.org.uk/guidance/CG95
http://dx.doi.org/10.1016/j.jacc.2013.04.082
http://dx.doi.org/10.1016/j.jacc.2013.04.082
http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


144. Underwood SR, Anagnostopoulos C, Cerqueira M, Ell PJ, Flint EJ, Harbinson M,
Kelion AD, Al-Mohammad A, Prvulovich EM, Shaw LJ, Tweddel AC. Myocardial
perfusion scintigraphy: the evidence. Eur J Nucl Med Mol Imaging 2004;31:261–291.

145. Garber AM, Solomon NA. Cost-effectiveness of alternative test strategies for the
diagnosis of coronary artery disease. Ann Intern Med 1999;130:719–728.

146. Yao SS, Qureshi E, Sherrid MV, Chaudhry FA. Practical applications in stress echo-
cardiography: risk stratification and prognosis in patients with known or suspected
ischemic heart disease. J Am Coll Cardiol 2003;42:1084–1090.

147. Berman DS, Hachamovitch R, Kiat H, Cohen I, Cabico JA, Wang FP, Friedman JD,
Germano G, Van Train K, Diamond GA. Incremental value of prognostic testing
in patients with known or suspected ischemic heart disease: a basis for optimal util-
ization of exercise technetium-99m sestamibi myocardial perfusion single-photon
emission computed tomography. J Am Coll Cardiol 1995;26:639–647.

148. Doesch C, Seeger A, Doering J, Herdeg C, Burgstahler C, Claussen CD, Gawaz M,
Miller S, May AE. Risk stratification by adenosine stress cardiac magnetic resonance
in patients with coronary artery stenoses of intermediate angiographic severity.
JACC Cardiovasc Imaging 2009;2:424–433.

149. Yao SS, Bangalore S, Chaudhry FA. Prognostic implications of stress echocardiog-
raphy and impact on patient outcomes: an effective gatekeeper for coronary angi-
ography and revascularization. J Am Soc Echocardiogr 2010;23:832–839.

150. Halliburton S, Arbab-Zadeh A, Dey D, Einstein AJ, Gentry R, George RT, Gerber T,
Mahesh M, Weigold WG. State-of-the-art in CT hardware and scan modes for car-
diovascular CT. J Cardiovasc Comput Tomogr 2012;6:154–163.

151. Hausleiter J, Martinoff S, Hadamitzky M, Martuscelli E, Pschierer I, Feuchtner GM,
Catalan-Sanz P, Czermak B, Meyer TS, Hein F, Bischoff B, Kuse M, Schomig A,
Achenbach S. Image quality and radiation exposure with a low tube voltage proto-
col for coronary CT angiography results of the PROTECTION II Trial. JACC Cardi-
ovasc Imaging 2010;3:1113–1123.

152. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr., Detrano R.
Quantification of coronary artery calcium using ultrafast computed tomography.
J Am Coll Cardiol 1990;15:827–832.

153. O’Rourke RA, Brundage BH, Froelicher VF, Greenland P, Grundy SM,
Hachamovitch R, Pohost GM, Shaw LJ, Weintraub WS, Winters WL Jr.,
Forrester JS, Douglas PS, Faxon DP, Fisher JD, Gregoratos G, Hochman JS,
Hutter AM Jr., Kaul S, Wolk MJ. American College of Cardiology/American
Heart Association Expert Consensus document on electron-beam computed
tomography for the diagnosis and prognosis of coronary artery disease. Circulation
2000;102:126–140.

154. Marwan M, Ropers D, Pflederer T, Daniel WG, Achenbach S. Clinical characteris-
tics of patients with obstructive coronary lesions in the absence of coronary calci-
fication: an evaluation by coronary CT angiography. Heart 2009;95:1056–1060.

155. Brodoefel H, Burgstahler C, Tsiflikas I, Reimann A, Schroeder S, Claussen CD,
Heuschmid M, Kopp AF. Dual-source CT: effect of heart rate, heart rate variability,
and calcification on image quality and diagnostic accuracy. Radiology 2008;247:
346–355.

156. Chen CC, Chen CC, Hsieh IC, Liu YC, Liu CY, Chan T, Wen MS, Wan YL. The effect
of calcium score on the diagnostic accuracy of coronary computed tomography
angiography. Int J Cardiovasc Imaging 2011;27 Suppl 1:37–42.

157. van Werkhoven JM, de Boer SM, Schuijf JD, Cademartiri F, Maffei E, Jukema JW,
Boogers MJ, Kroft LJ, de Roos A, Bax JJ. Impact of clinical presentation and
pretest likelihood on the relation between calcium score and computed tomo-
graphic coronary angiography. Am J Cardiol 2010;106:1675–1679.

158. Meijs MF, Meijboom WB, Prokop M, Mollet NR, van Mieghem CA, Doevendans PA,
deFeyterPJ,CramerMJ. Is therea role forCT coronaryangiography inpatients with
symptomatic angina? Effect of coronary calcium score on identification of stenosis.
Int J Cardiovasc Imaging 2009;25:847–854.

159. Vavere AL, Arbab-Zadeh A, Rochitte CE, Dewey M, Niinuma H, Gottlieb I,
Clouse ME, Bush DE, Hoe JW, de Roos A, Cox C, Lima JA, Miller JM. Coronary
artery stenoses: accuracy of 64-detector row CT angiography in segments with
mild, moderate, or severe calcification: a subanalysisof the CORE-64 trial. Radiology
2011;261:100–108.

160. Alkadhi H, Scheffel H, Desbiolles L, Gaemperli O, Stolzmann P, Plass A,
Goerres GW, Luescher TF, Genoni M, Marincek B, Kaufmann PA, Leschka S. Dual-
source computed tomography coronary angiography: influence of obesity, calcium
load, and heart rate on diagnostic accuracy. Eur Heart J 2008;29:766–776.

161. Westwood ME, Raatz HD, Misso K, Burgers L, Redekop K, Lhachimi SK,
Armstrong N, Kleijnen J. Systematic Review of the Accuracy of Dual-Source
Cardiac CT for Detection of Arterial Stenosis in Difficult to Image Patient
Groups. Radiology 2013; 267(2):387–95.

162. Paech DC, Weston AR. A systematic review of the clinical effectiveness of 64-slice
or higher computed tomographyangiographyas an alternative to invasive coronary
angiography in the investigation of suspected coronary artery disease. BMC Cardi-
ovasc Disord 2011;11:32.

163. Ropers D, Pohle FK, Kuettner A, Pflederer T, Anders K, Daniel WG, Bautz W,
Baum U, Achenbach S. Diagnostic accuracy of noninvasive coronary angiography

in patients after bypass surgery using 64-slice spiral computed tomography with
330-ms gantry rotation. Circulation 2006;114:2334–2341.

164. Weustink AC, Nieman K, Pugliese F, Mollet NR, Meijboom WB, van Mieghem C,
ten Kate GJ, Cademartiri F, Krestin GP, de Feyter PJ. Diagnostic accuracy of com-
puted tomography angiography in patients after bypass grafting: comparison with
invasive coronary angiography. JACC Cardiovasc Imaging 2009;2:816–824.

165. Min JK, Dunning A, Lin FY, Achenbach S, Al-Mallah M, Budoff MJ, Cademartiri F,
Callister TQ, Chang HJ, Cheng V, Chinnaiyan K, Chow BJ, Delago A,
Hadamitzky M, Hausleiter J, Kaufmann P, Maffei E, Raff G, Shaw LJ, Villines T,
Berman DS. Age- and sex-related differences in all-cause mortality risk based on
coronary computed tomography angiography findings results from the Inter-
national Multicenter CONFIRM (Coronary CTAngiography Evaluation for Clinical
Outcomes: An International Multicenter Registry) of 23,854 patients without
known coronary artery disease. J Am Coll Cardiol 2011;58:849–860.

166. Hadamitzky M, Freissmuth B, Meyer T, Hein F, Kastrati A, Martinoff S, Schomig A,
Hausleiter J. Prognostic value of coronary computed tomographic angiography for
prediction of cardiac events in patients with suspected coronary artery disease.
JACC Cardiovasc Imaging 2009;2:404–411.

167. Chow BJ, Small G, Yam Y, Chen L, Achenbach S, Al-Mallah M, Berman DS,
Budoff MJ, Cademartiri F, Callister TQ, Chang HJ, Cheng V, Chinnaiyan KM,
Delago A, Dunning A, Hadamitzky M, Hausleiter J, Kaufmann P, Lin F, Maffei E,
Raff GL, Shaw LJ, Villines TC, Min JK. Incremental prognostic value of cardiac com-
puted tomography in coronary artery disease using CONFIRM: COroNary com-
puted tomography angiography evaluation for clinical outcomes: an
InteRnational Multicenter registry. Circ Cardiovasc Imaging 2011;4:463–472.

168. Meijboom WB, van Mieghem CA, Mollet NR, Pugliese F, Weustink AC, van Pelt N,
Cademartiri F, Nieman K, Boersma E, de Jaegere P, Krestin GP, de Feyter PJ. 64-slice
computed tomography coronary angiography in patients with high, intermediate,
or low pretest probability of significant coronary artery disease. J Am Coll Cardiol
2007;50:1469–1475.

169. Min JK, Leipsic J, Pencina MJ, Berman DS, Koo BK, van Mieghem C, Erglis A, Lin FY,
Dunning AM, Apruzzese P, Budoff MJ, Cole JH, Jaffer FA, Leon MB, Malpeso J,
Mancini GB, ParkSJ, Schwartz RS, ShawLJ, Mauri L. Diagnostic accuracyof fractional
flow reserve from anatomic CT angiography. JAMA 2012;308:1237–1245.

170. Kato S, Kitagawa K, Ishida N, Ishida M, Nagata M, Ichikawa Y, Katahira K,
Matsumoto Y, Seo K, Ochiai R, Kobayashi Y, Sakuma H. Assessment of coronary
artery disease using magnetic resonance coronary angiography: a national multi-
center trial. J Am Coll Cardiol 2010;56:983–991.

171. Sakuma H. Coronary CT versus MR angiography: the role of MR angiography. Radi-
ology 2011;258:340–349.

172. Wijns W, Kolh P, Danchin N, Di Mario C, Falk V, Folliguet T, Garg S, Huber K,
James S, Knuuti J, Lopez-Sendon J, Marco J, Menicanti L, Ostojic M, Piepoli MF,
Pirlet C, Pomar JL, Reifart N, Ribichini FL, Schalij MJ, Sergeant P, Serruys PW,
Silber S, Sousa Uva M, Taggart D. Guidelines on myocardial revascularization.
Eur Heart J 2010;31:2501–2555.

173. Jolly SS, Amlani S, Hamon M, Yusuf S, Mehta SR. Radial versus femoral access for
coronary angiography or intervention and the impact on major bleeding and ische-
mic events: a systematic review and meta-analysis of randomized trials. Am Heart J
2009;157:132–140.

174. Arora N, Matheny ME, Sepke C, Resnic FS. A propensity analysis of the risk of vas-
cular complications after cardiac catheterization procedures with the use of vascu-
lar closure devices. Am Heart J 2007;153:606–611.

175. Noto TJ Jr., Johnson LW, Krone R, Weaver WF, Clark DA, Kramer JR Jr.,
Vetrovec GW. Cardiac catheterization 1990: a report of the Registry of the
Society for Cardiac Angiography and Interventions (SCA&I). Cathet Cardiovasc
Diagn 1991;24:75–83.

176. Effects of ramipril on cardiovascular and microvascular outcomes in people with
diabetes mellitus: results of the HOPE study and MICRO-HOPE substudy. Heart
Outcomes Prevention Evaluation Study Investigators. Lancet 2000;355:253–259.

177. Effect of nicorandil on coronary events in patients with stable angina: the Impact Of
Nicorandil in Angina (IONA) randomised trial. Lancet 2002;359:1269–1275.

178. Hjemdahl P, Eriksson SV, Held C, Forslund L, Nasman P, Rehnqvist N. Favourable
long term prognosis in stable angina pectoris: an extended follow up of the angina
prognosis study in Stockholm (APSIS). Heart 2006;92:177–182.

179. Wilson PW, D’Agostino R Sr., Bhatt DL, Eagle K, Pencina MJ, Smith SC, Alberts MJ,
Dallongeville J, Goto S, Hirsch AT, Liau CS, Ohman EM, Rother J, Reid C, Mas JL,
Steg PG. An international model to predict recurrent cardiovascular disease. Am
J Med 2012;125:695–703.

180. Weiner DA, Ryan TJ, McCabe CH, Chaitman BR, Sheffield LT, Ferguson JC,
Fisher LD, Tristani F. Prognostic importance of a clinical profile and exercise test
in medically treated patients with coronary artery disease. J Am Coll Cardiol 1984;
3:772–779.

181. Hammermeister KE, DeRouen TA, Dodge HT. Variables predictive of survival in
patients with coronary disease. Selection by univariate and multivariate analyses

ESC Guidelines 3001

 by guest on January 5, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


from the clinical, electrocardiographic, exercise, arteriographic, and quantitative
angiographic evaluations. Circulation 1979;59:421–430.

182. Pryor DB, Shaw L, McCants CB, Lee KL, Mark DB, Harrell FE Jr., Muhlbaier LH,
Califf RM. Value of the history and physical in identifying patients at increased
risk for coronary artery disease. Ann Intern Med 1993;118:81–90.

183. Emond M, Mock MB, Davis KB, Fisher LD, Holmes DR Jr., Chaitman BR, Kaiser GC,
Alderman E, Killip T 3rd. Long-term survival of medically treated patients in the
Coronary Artery Surgery Study (CASS) Registry. Circulation 1994;90:2645–2657.

184. Mahmarian JJ, Dakik HA, Filipchuk NG, Shaw LJ, Iskander SS, Ruddy TD, Keng F,
Henzlova MJ, Allam A, Moye LA, Pratt CM. An initial strategy of intensive
medical therapy is comparable to that of coronary revascularization for suppres-
sion of scintigraphic ischemia in high-risk but stable survivors of acute myocardial
infarction. J Am Coll Cardiol 2006;48:2458–2467.

185. Hachamovitch R, Rozanski A, Shaw LJ, Stone GW, Thomson LE, Friedman JD,
Hayes SW, Cohen I, Germano G, Berman DS. Impact of ischaemia and scar on
the therapeutic benefit derived from myocardial revascularization vs. medical
therapy among patients undergoing stress-rest myocardial perfusion scintigraphy.
Eur Heart J 2011;32:1012–1024.

186. Rihal CS, Davis KB, Kennedy JW, Gersh BJ. The utility of clinical, electrocardio-
graphic, and roentgenographic variables in the prediction of left ventricular func-
tion. Am J Cardiol 1995;75:220–223.

187. Raymond I, Pedersen F, Steensgaard-Hansen F, Green A, Busch-Sorensen M,
Tuxen C, Appel J, Jacobsen J, Atar D, HildebrandtP. Prevalence of impaired left ven-
tricular systolic function and heart failure in a middle aged and elderly urban popu-
lation segment of Copenhagen. Heart 2003;89:1422–149.

188. Ashley EA, Myers J, Froelicher V. Exercise testing in clinical medicine. Lancet 2000;
356:1592–1597.

189. Mark DB, Shaw L, Harrell FE Jr., Hlatky MA, Lee KL, Bengtson JR, McCants CB,
Califf RM, Pryor DB. Prognostic value of a treadmill exercise score in outpatients
with suspected coronary artery disease. N Eng J Med 1991;325:849–853.

190. Schinkel AF, Bax JJ, Geleijnse ML, Boersma E, Elhendy A, Roelandt JR,
Poldermans D. Noninvasive evaluation of ischaemic heart disease: myocardial per-
fusion imaging or stress echocardiography? Eur Heart J 2003;24:789–800.

191. Marwick TH, Mehta R, Arheart K, Lauer MS. Use of exercise echocardiography for
prognosticevaluationof patientswith knownor suspected coronaryartery disease.
J Am Coll Cardiol 1997;30:83–90.

192. Olmos LI, Dakik H, Gordon R, Dunn JK, Verani MS, Quinones MA, Zoghbi WA.
Long-term prognostic value of exercise echocardiographycompared with exercise
201Tl, ECG, and clinical variables in patients evaluated for coronary artery disease.
Circulation 1998;98:2679–2686.

193. Marwick TH, Case C, Vasey C, Allen S, Short L, Thomas JD. Prediction of mortality
by exercise echocardiography: a strategy for combination with the duke treadmill
score. Circulation 2001;103:2566–2571.

194. Impact of an Automated Multimodality Point-of-Order Decision Support Tool on
Rates of Appropriate Testing and Clinical Decision Making for Individuals With Sus-
pected Coronary Artery Disease: A Prospective Multicenter Study.Lin FY,
Dunning AM, Narula J, Shaw LJ, Gransar H, Berman DS, Min JK.J Am Coll Cardiol.
2013;62(4):308–16

195. Brown KA. Prognostic value of thallium-201 myocardial perfusion imaging. A diag-
nostic tool comes of age. Circulation 1991;83:363–381.

196. Hachamovitch R, Berman DS, Shaw LJ, Kiat H, Cohen I, Cabico JA, Friedman J,
Diamond GA. Incremental prognostic value of myocardial perfusion single
photon emission computed tomography for the prediction of cardiac death: differ-
ential stratification for risk of cardiac death and myocardial infarction. Circulation
1998;97:535–543.

197. Hachamovitch R, Hayes SW, Friedman JD, Cohen I, Berman DS. Comparison of the
short-term survival benefit associated with revascularization compared with
medical therapy in patients with no prior coronary artery disease undergoing
stress myocardial perfusion single photon emission computed tomography. Circu-
lation 2003;107:2900–2907.

198. Dorbala S, Di Carli MF, Beanlands RS, Merhige ME, Williams BA, Veledar E,
Chow BJ, Min JK, Pencina MJ, Berman DS, Shaw LJ. Prognostic value of stress myo-
cardial perfusion positron emission tomography: results from a multicenter obser-
vational registry. J Am Coll Cardiol 2013;61:176–184.

199. Murthy VL, Naya M, Foster CR, Gaber M, Hainer J, Klein J, Dorbala S, Blankstein R,
Di Carli MF. Association between coronary vascular dysfunction and cardiac mor-
tality in patients with and without diabetes mellitus. Circulation 2012;126:
1858–1868.

200. Korosoglou G, Elhmidi Y, Steen H, Schellberg D, Riedle N, Ahrens J, Lehrke S,
Merten C, Lossnitzer D, Radeleff J, Zugck C, Giannitsis E, Katus HA. Prognostic
value of high-dose dobutamine stress magnetic resonance imaging in 1,493 con-
secutive patients: assessment of myocardial wall motion and perfusion. J Am Coll
Cardiol 2010;56:1225–1234.

201. JahnkeC, Nagel E, GebkerR,Kokocinski T, Kelle S, Manka R, Fleck E, Paetsch I. Prog-
nostic value of cardiac magnetic resonance stress tests: adenosine stress perfusion
and dobutamine stress wall motion imaging. Circulation 2007;115:1769–1776.

202. Motoyama S, Sarai M, Harigaya H, Anno H, Inoue K, Hara T, Naruse H, Ishii J,
Hishida H, Wong ND, Virmani R, Kondo T, Ozaki Y, Narula J. Computed tomo-
graphic angiography characteristics of atherosclerotic plaques subsequently result-
ing in acute coronary syndrome. J Am Coll Cardiol 2009;54:49–57.

203. Ostrom MP, Gopal A, Ahmadi N, Nasir K, Yang E, Kakadiaris I, Flores F, Mao SS,
Budoff MJ. Mortality incidence and the severity of coronary atherosclerosis
assessed by computed tomography angiography. J Am Coll Cardiol 2008;52:
1335–1343.

204. Hulten EA, Carbonaro S, Petrillo SP, Mitchell JD, Villines TC. Prognostic value of
cardiac computed tomography angiography: a systematic review and meta-analysis.
J Am Coll Cardiol 2011;57:1237–1247.

205. Mark DB, Nelson CL, Califf RM, Harrell FE Jr., Lee KL, Jones RH, Fortin DF, Stack RS,
Glower DD, Smith LR et al. Continuing evolution of therapy for coronary artery
disease. Initial results from the era of coronary angioplasty. Circulation 1994;89:
2015–2025.

206. Christian TF, Miller TD, Bailey KR, Gibbons RJ. Exercise tomographic thallium-201
imaging in patients with severe coronary artery disease and normal electrocardio-
grams. Ann Intern Med 1994;121:825–832.

207. Hachamovitch R, Berman DS, Kiat H, Cohen I, Friedman JD, Shaw LJ. Value of stress
myocardial perfusion single photon emission computed tomography in patients
with normal resting electrocardiograms: an evaluation of incremental prognostic
value and cost-effectiveness. Circulation 2002;105:823–829.

208. Daugherty SL, Magid DJ, Kikla JR, Hokanson JE, Baxter J, Ross CA, Masoudi FA.
Gender differences in the prognostic value of exercise treadmill test characteris-
tics. Am Heart J 2011;161:908–914.

209. Coelho-FilhoOR,SeabraLF,Mongeon FP, Abdullah SM, Francis SA,BlanksteinR,Di
Carli MF, Jerosch-Herold M, Kwong RY. Stress myocardial perfusion imaging by
CMR provides strong prognostic value to cardiac events regardless of patient’s
sex. JACC Cardiovasc Imaging 2011;4:850–861.

210. Metz LD, Beattie M, Hom R, Redberg RF, Grady D, Fleischmann KE. The prognostic
value of normal exercise myocardial perfusion imaging and exercise echocardiog-
raphy: a meta-analysis. J Am Coll Cardiol 2007;49:227–237.

211. Nallamothu N, Ghods M, Heo J, Iskandrian AS. Comparison of thallium-201 single-
photon emission computed tomography and electrocardiographic response
during exercise in patients with normal rest electrocardiographic results. J Am
Coll Cardiol 1995;25:830–836.

212. Mahajan N, Polavaram L, Vankayala H, Ference B, Wang Y, Ager J, Kovach J,
Afonso L. Diagnostic accuracy of myocardial perfusion imaging and stress echocar-
diography for the diagnosis of left main and triple vessel coronary artery disease: a
comparative meta-analysis. Heart 2010;96:956–966.

213. Shaw LJ, Cerqueira MD, Brooks MM, Althouse AD, Sansing VV, Beller GA,
Pop-Busui R, Taillefer R, Chaitman BR, Gibbons RJ, Heo J, Iskandrian AE. Impact
of left ventricular function and the extent of ischemia and scar by stress myocardial
perfusion imaging on prognosis and therapeutic risk reduction in diabetic patients
with coronary artery disease: results from the Bypass Angioplasty Revasculariza-
tion Investigation 2 Diabetes (BARI 2D) trial. J Nucl Cardiol 2012;19:658–669.

214. Shaw LJ, Berman DS, Maron DJ, Mancini GB, Hayes SW, Hartigan PM,
Weintraub WS, O’Rourke RA, Dada M, Spertus JA, Chaitman BR, Friedman J,
Slomka P, Heller GV, Germano G, Gosselin G, Berger P, Kostuk WJ,
Schwartz RG, Knudtson M, Veledar E, Bates ER, McCallister B, Teo KK,
Boden WE. Optimal medical therapy with or without percutaneous coronary
intervention to reduce ischemic burden: results from the Clinical Outcomes Util-
izing Revascularization and Aggressive Drug Evaluation (COURAGE) trial nuclear
substudy. Circulation 2008;117:1283–1291.

215. Shaw LJ, Hachamovitch R, Heller GV, Marwick TH, Travin MI, Iskandrian AE,
Kesler K, Lauer MS, Hendel R, Borges-Neto S, Lewin HC, Berman DS, Miller D.
Noninvasive strategies for theestimationof cardiac risk in stable chestpain patients.
The Economics of Noninvasive Diagnosis (END) Study Group. Am J Cardiol 2000;
86:1–7.

216. America YG, Bax JJ, Boersma E, Stokkel M, van der Wall EE. Prognostic value of
gated SPECT in patients with left bundle branch block. J Nucl Cardiol 2007;14:
75–81.

217. Tandogan I, Yetkin E, Yanik A, Ulusoy FV, Temizhan A, Cehreli S, Sasmaz A. Com-
parison of thallium-201 exercise SPECT and dobutamine stress echocardiography
for diagnosis of coronary artery disease in patients with left bundle branch block. Int
J Cardiovasc Imaging 2001;17:339–345.

218. Biagini E, Shaw LJ, Poldermans D, Schinkel AF, Rizzello V, Elhendy A, Rapezzi C,
Bax JJ. Accuracy of non-invasive techniques for diagnosis of coronary artery
disease and prediction of cardiac events in patients with left bundle branch
block: a meta-analysis. Eur J Nucl Med Mol Imaging 2006;33:1442–1451.

219. Biagini E, Schinkel AF, Elhendy A, Bax JJ, Rizzello V, van Domburg RT, Krenning BJ,
Schouten O, Branzi A, Rocchi G, Simoons ML, Poldermans D. Pacemaker stress

ESC Guidelines3002

 by guest on January 5, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


echocardiography predicts cardiac events in patients with permanent pacemaker.
Am J Med 2005;118:1381–1386.

220. Picano E, Alaimo A, Chubuchny V, Plonska E, Baldo V, Baldini U, Pauletti M,
Perticucci R, Fonseca L, Villarraga HR, Emanuelli C, Miracapillo G, Hoffmann E,
De Nes M. Noninvasive pacemaker stress echocardiography for diagnosis of cor-
onary artery disease: a multicenter study. J Am Coll Cardiol 2002;40:1305–1310.

221. Fowkes FG, Murray GD, Butcher I, Heald CL, Lee RJ, Chambless LE, Folsom AR,
Hirsch AT, Dramaix M, deBacker G, Wautrecht JC, Kornitzer M, Newman AB,
Cushman M, Sutton-Tyrrell K, Lee AJ, Price JF, d’Agostino RB, Murabito JM,
Norman PE, Jamrozik K, Curb JD, Masaki KH, Rodriguez BL, Dekker JM,
Bouter LM, Heine RJ, Nijpels G, Stehouwer CD, Ferrucci L, McDermott MM,
Stoffers HE, Hooi JD, Knottnerus JA, Ogren M, Hedblad B, Witteman JC,
Breteler MM, Hunink MG, Hofman A, Criqui MH, Langer RD, Fronek A,
Hiatt WR, Hamman R, Resnick HE, Guralnik J. Ankle brachial index combined
with Framingham Risk Score to predict cardiovascular events and mortality: a
meta-analysis. JAMA 2008;300:197–208.

222. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK Jr.
Carotid-artery intima and media thickness as a risk factor for myocardial infarction
and stroke in older adults. Cardiovascular Health Study Collaborative Research
Group. N Eng J Med 1999;340:14–22.

223. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC. Coronary artery
calcium score combined with Framingham score for risk prediction in asymptom-
atic individuals. JAMA 2004;291:210–215.

224. Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom AR, Liu K, Shea S, Szklo M,
Bluemke DA, O’Leary DH, Tracy R, Watson K, Wong ND, Kronmal RA. Coronary
calcium as a predictor of coronary events in four racial or ethnic groups.N Eng J Med
2008;358:1336–1345.

225. Belcaro G, Nicolaides AN, Ramaswami G, Cesarone MR, De Sanctis M, Incandela L,
Ferrari P, Geroulakos G, Barsotti A, Griffin M, Dhanjil S, Sabetai M, Bucci M,
Martines G. Carotid and femoral ultrasound morphology screening and cardiovas-
cular events in low risk subjects: a 10-year follow-up study (the CAFES-CAVE
study(1)). Atherosclerosis 2001;156:379–387.

226. Anand DV, Lim E, Hopkins D, Corder R, Shaw LJ, Sharp P, Lipkin D, Lahiri A. Risk
stratification in uncomplicated type 2 diabetes: prospective evaluation of the com-
bined use of coronary artery calcium imaging and selective myocardial perfusion
scintigraphy. Eur Heart J 2006;27:713–721.

227. Elkeles RS, Godsland IF, Feher MD, Rubens MB, Roughton M, Nugara F,
Humphries SE, Richmond W, Flather MD. Coronary calcium measurement
improves prediction of cardiovascular events in asymptomatic patients with type
2 diabetes: the PREDICT study. Eur Heart J 2008;29:2244–2251.

228. Gulati M, Pandey DK, Arnsdorf MF, Lauderdale DS, Thisted RA, Wicklund RH,
Al-Hani AJ, Black HR. Exercise capacity and the risk of death in women: the St
James Women Take Heart Project. Circulation 2003;108:1554–1559.

229. Wei M, Kampert JB, Barlow CE, Nichaman MZ, Gibbons LW, Paffenbarger RS Jr.,
Blair SN. Relationship between low cardiorespiratory fitness and mortality in
normal-weight, overweight, and obese men. JAMA 1999;282:1547–1553.

230. Zellweger MJ, Hachamovitch R, Kang X, Hayes SW, Friedman JD, Germano G,
Berman DS. Threshold, incidence, and predictors of prognostically high-risk
silent ischemia in asymptomatic patients without prior diagnosis of coronary
artery disease. J Nucl Cardiol 2009;16:193–200.

231. Steg G. ESC guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation. Eur Heart J 2012.

232. Harb SC, Cook T, Jaber WA, Marwick TH. Exercise testing in asymptomatic
patients after revascularization: are outcomes altered? Arch Intern Med 2012;172:
854–861.

233. Hachamovitch R, Hayes S, Friedman JD, Cohen I, Shaw LJ, Germano G, Berman DS.
Determinants of risk and its temporal variation in patients with normal stress myo-
cardial perfusion scans: what is the warranty period of a normal scan? J Am Coll
Cardiol 2003;41:1329–1340.

234. CarryerDJ, Askew JW, Hodge DO, Miller TD, Gibbons RJ. The timing and impact of
follow-up studies after normal stress single-photon emission computed tomog-
raphy sestamibi studies. Circ Cardiovasc Imaging 2010;3:520–526.

235. Proudfit WL, Shirey EK, Sones FM Jr. Selective cine coronary arteriography. Cor-
relation with clinical findings in 1,000 patients. Circulation 1966;33:901–910.

236. Patel MR, Peterson ED, Dai D, Brennan JM, Redberg RF, Anderson HV, Brindis RG,
Douglas PS. Low diagnostic yield of elective coronary angiography. N Eng J Med
2010;362:886–895.

237. Holubkov R, Laskey WK, Haviland A, Slater JC, Bourassa MG, Vlachos HA,
Cohen HA, Williams DO, Kelsey SF, Detre KM. Angina 1 year after percutaneous
coronary intervention: a report from the NHLBI Dynamic Registry. Am Heart J
2002;144:826–833.

238. Venkitachalam L, Kip KE, Mulukutla SR, Selzer F, Laskey W, Slater J, Cohen HA,
Wilensky RL, Williams DO, Marroquin OC, Sutton-Tyrrell K, Bunker CH,
Kelsey SF. Temporal trends in patient-reported angina at 1 year after percutaneous
coronary revascularization in the stent era: a report from the National Heart, Lung,

and Blood Institute-sponsored 1997–2006 dynamic registry. Circ Cardiovasc Qual
Outcomes 2009;2:607–615.

239. Camici PG, Crea F. Coronary microvascular dysfunction. N Eng J Med 2007;356:
830–840.

240. Panza JA, Laurienzo JM, Curiel RV, Unger EF, Quyyumi AA, Dilsizian V, Cannon RO
3rd. Investigation of the mechanism of chest pain in patients with angiographically
normal coronary arteries using transesophageal dobutamine stress echocardiog-
raphy. J Am Coll Cardiol 1997;29:293–301.

241. Ong P, Athanasiadis A, Mahrholdt H, Borgulya G, Sechtem U, Kaski JC. Increased
coronary vasoconstrictor response to acetylcholine in women with chest pain
and normal coronary arteriograms (cardiac syndrome X). Clin Res Cardiol 2012;
101(8):673–81

242. Yilmaz A, Hill S, Schaufele T, VohringerM, Geissler A, Sechtem U. Exercise-induced
spastic coronary artery occlusion at the site of a moderate stenosis: neither Prinz-
metal’s angina nor cardiac syndrome X but "Prinzmetal X". Circulation 2010;122:
e570–e574.

243. Prinzmetal M, Kennamer R, Merliss R, Wada T, Bor N. Angina pectoris. I. A variant
form of angina pectoris; preliminary report. Am J Med 1959;27:375–388.

244. Sueda S, Kohno H, Fukuda H, Inoue K, Suzuki J, Watanabe K, Ochi T, Uraoka T. Clin-
ical and angiographical characteristics of acetylcholine- induced spasm: relationship
to dose of intracoronary injection of acetylcholine. Coron Artery Dis 2002;13:
231–236.

245. Matsubara T, Tamura Y, Yamazoe M, Hori T, Konno T, Ida T, Higuchi K,
Takemoto M, Imai S, AizawaY. Correlation betweenarteriographic and electrocar-
diographic features during spasm in the left anterior descending coronary artery.
Coron Artery Dis 1997;8:525–535.

246. Guidelines for diagnosis and treatment of patients with vasospastic angina (coron-
ary spastic angina) (JCS 2008): digest version. Circ J 2010;74:1745–1762.

247. Maseri A, Davies G, Hackett D, Kaski JC. Coronary artery spasm and vasoconstric-
tion. The case for a distinction. Circulation 1990;81:1983–1991.

248. Mohri M, Koyanagi M, Egashira K, Tagawa H, Ichiki T, Shimokawa H, Takeshita A.
Angina pectoris caused by coronary microvascular spasm. Lancet 1998;351:
1165–1169.

249. Takagi Y, Yasuda S, Takahashi J, Tsunoda R, Ogata Y, Seki A, Sumiyoshi T, Matsui M,
Goto T, Tanabe Y, Sueda S, Sato T, Ogawa S, Kubo N, Momomura S, Ogawa H,
Shimokawa H, Japanese Coronary Spasm A. Clinical implications of provocation
tests for coronary artery spasm: safety, arrhythmic complications, and prognostic
impact: multicentre registry study of the Japanese Coronary Spasm Association.
Eur Heart J 2013;34:258–267.

250. Sueda S, Saeki H, Otani T, Mineoi K, Kondou T, Yano K, Ochi T, Ochi N, Hayashi Y,
Tsuruoka T, Kawada H, Matsuda S, Uraoka T. Major complications during spasm
provocation tests with an intracoronary injection of acetylcholine. Am J Cardiol
2000;85:391–394, A10.

251. Morales MA, Lombardi M, Distante A, Carpeggiani C, Reisenhofer B, L’Abbate A.
Ergonovine-echo test to assess the significance of chest pain at rest without ECG
changes. Eur Heart J 1995;16:1361–1366.

252. Buxton A, Goldberg S, Hirshfeld JW, Wilson J, Mann T, Williams DO, Overlie P,
Oliva P. Refractory ergonovine-induced coronary vasospasm: importance of intra-
coronary nitroglycerin. Am J Cardiol 1980;46:329–334.

253. Meyers DG, Neuberger JS, He J. Cardiovascular effect of bans on smoking in public
places: a systematic reviewand meta-analysis. J Am Coll Cardiol 2009;54:1249–1255.

254. Lam Tea. IARC Handbooks of Cancer Prevention, Tobacco Control, Vol. 11: Reversal of
Risk After Quitting Smoking. IARC, World Health Organization, 2007, 366.

255. Critchley J, Capewell S. Smoking cessation for the secondary prevention of coron-
ary heart disease. Cochrane Database Syst Rev 2004(1):CD003041.

256. Hubbard R, Lewis S, Smith C, Godfrey C, Smeeth L, Farrington P, Britton J. Use of
nicotine replacement therapy and the risk of acute myocardial infarction, stroke,
and death. Tob Control 2005;14:416–421.

257. Ludvig J, Miner B, Eisenberg MJ. Smoking cessation in patients with coronary artery
disease. Am Heart J 2005;149:565–572.

258. Rigotti NA, Thorndike AN, Regan S, McKool K, Pasternak RC, Chang Y, Swartz S,
Torres-Finnerty N, Emmons KM, Singer DE. Bupropion for smokers hospitalized
with acute cardiovascular disease. Am J Med 2006;119:1080–1087.

259. Tonstad S, Farsang C, Klaene G, Lewis K, Manolis A, Perruchoud AP, Silagy C, van
Spiegel PI, Astbury C, Hider A, Sweet R. Bupropion SR for smoking cessation in
smokers with cardiovascular disease: a multicentre, randomised study. Eur Heart
J 2003;24:946–955.

260. Rigotti NA, Pipe AL, Benowitz NL, Arteaga C, Garza D, Tonstad S. Efficacy and
safety of varenicline for smoking cessation in patients with cardiovascular
disease: a randomized trial. Circulation 2010;121:221–229.

261. Singh S, Loke YK, Spangler JG, Furberg CD. Risk of serious adverse cardiovascular
events associated with varenicline: a systematic review and meta-analysis. CMAJ
2011;183:1359–1366.

ESC Guidelines 3003

 by guest on January 5, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


262. Filion KB, ElKhouryF, Bielinski M, Schiller I,DendukuriN,Brophy JM.Omega-3 fatty
acids in high-risk cardiovascular patients: a meta-analysis of randomized controlled
trials. BMC Cardiovasc Disord 2010;10:24.

263. Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular disease: effects on
risk factors, molecular pathways, and clinical events. J Am Coll Cardiol 2011;58:
2047–2067.

264. Kwak SM, Myung SK, Lee YJ, Seo HG. Efficacy of Omega-3 Fatty Acid Supplements
(Eicosapentaenoic Acid and Docosahexaenoic Acid) in the Secondary Prevention
of Cardiovascular Disease: A Meta-analysisof Randomized, Double-blind, Placebo-
Controlled Trials. Arch Intern Med 2012;172(9):686–94.

266. Estruch R, Ros E, Salas-Salvado J, Covas MI, Pharm D, Corella D, Aros F,
Gomez-Gracia E, Ruiz-Gutierrez V, Fiol M, Lapetra J, Lamuela-Raventos RM,
Serra-Majem L, Pinto X, Basora J, Munoz MA, Sorli JV, Martinez JA,
Martinez-Gonzalez MA, the PSI. Primary Prevention of Cardiovascular Disease
with a Mediterranean Diet. N Eng J Med 2013;368(14):1279–90

267. Gupta BP, Murad MH, Clifton MM, Prokop L, Nehra A, Kopecky SL. The effect of
lifestyle modification and cardiovascular risk factor reduction on erectile dysfunc-
tion: a systematic review and meta-analysis. Arch Intern Med 2011;171:1797–1803.

268. Kloner R, Padma-Nathan H. Erectile dysfunction in patients with coronary artery
disease. Int J Impot Res 2005;17:209–215.

269. Russell ST, Khandheria BK, Nehra A. Erectile dysfunction and cardiovascular
disease. Mayo Clin Proc 2004;79:782–794.

270. Kostis JB, Jackson G, Rosen R, Barrett-Connor E, Billups K, Burnett AL, Carson C
3rd, Cheitlin M, Debusk R, Fonseca V, Ganz P, Goldstein I, Guay A,
Hatzichristou D, Hollander JE, Hutter A, Katz S, Kloner RA, Mittleman M,
Montorsi F, Montorsi P, Nehra A, Sadovsky R, Shabsigh R. Sexual dysfunction
and cardiac risk (the Second Princeton Consensus Conference). Am J Cardiol
2005;96:85M–93M.

271. Kohler M, Stradling JR. Mechanisms of vascular damage in obstructive sleep apnea.
Nat Rev Cardiol 2010;7:677–685.

272. Pasceri V, Patti G, Nusca A, Pristipino C, Richichi G, Di Sciascio G. Randomized trial
of atorvastatin for reduction of myocardial damage during coronary intervention:
results from the ARMYDA (Atorvastatin for Reduction of MYocardial Damage
during Angioplasty) study. Circulation 2004;110:674–678.

273. Umpierrez GE, Hellman R, Korytkowski MT, Kosiborod M, Maynard GA,
Montori VM, Seley JJ, Van den Berghe G, Endocrine S. Management of hypergly-
cemia in hospitalized patients in non-critical care setting: an endocrine society clin-
ical practice guideline. J Clin Endocrinol Metab 2012;97:16–38.

274. Mancia G, Laurent S, Agabiti-Rosei E, Ambrosioni E, Burnier M, Caulfield MJ,
Cifkova R, Clement D, Coca A, Dominiczak A, Erdine S, Fagard R, Farsang C,
Grassi G, Haller H, Heagerty A, Kjeldsen SE, Kiowski W, Mallion JM, Manolis A,
Narkiewicz K, Nilsson P, Olsen MH, Rahn KH, Redon J, Rodicio J, Ruilope L,
Schmieder RE, Struijker-Boudier HA, van Zwieten PA, Viigimaa M, Zanchetti A. Re-
appraisal of Europeanguidelines on hypertension management: a EuropeanSociety
of Hypertension Task Force document. J Hypertens 2009;27:2121–2158.

275. ManciaG FR, NarkiewiczK,Redon J,Zanchetti A,BöhmM, ChristiaensT,CifkovaR,
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