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In this issue of the Journal, Stirrup et al.1 present an

accurate comparison of the American College of Car-

diology and American Heart Association (ACC/AHA)

and the European Society of Cardiology (ESC) and

European Association for Cardio-Thoracic Surgery

(EACTS) guidelines for myocardial revascularization.

In a user-friendly and well-illustrated format, the authors

outline agreement, similarity, and discordance between

the final documents drawn by the United States and

European task forces. Points where specific equivalent

recommendations are lacking are also indicated. The

effort of Stirrup et al.1 is more appreciable considering

that, while only two comprehensive European guidelines

were needed for the comparison,2,3 nine ACC/AHA

documents were examined and specific points

extrapolated.1

Before any comments on specific differences

potentially relevant, some preliminary considerations

seem necessary. The choice of multiple documents of

ACC/AHA conveys an impression of division or

watertight compartment thinking where a common

multidisciplinary approach is needed. The ACC and

AHA have developed a rigorous methodology during

their partnership lasting more than 30 years and their

clinical practice guidelines are direct to a nation with an

enough uniform system of care, also if best and worst

states for health insurance costs exist. Differently, more

than 30 national (also non-European) cardiac societies

were actively involved in drafting the 2014 ESC/EACTS

guidelines on myocardial revascularization and were

encouraged to endorse, translate, and implement the

guidelines. However, feasibility and affordability of the

national implementation process may substantially vary

among European countries in agreement with disparities

in cultural, economic, social and political differences,

with dissimilarity in university and post-university

training, as well public health priority.4 When health

care measures are implemented, the national process can

result in priorities different from those expected from

the European guidelines alone.5 Another relevant aspect

is the durability of recommendations. As an example,

the durability of cardiology guidelines recommendations

for procedures and treatments promulgated by the ACC/

AHA vary across individual guidelines and levels of

evidence. Downgrades, reversals, and omissions are

common among class I recommendations not supported

by multiple randomized studies.6 Another limitation of

the rigorous methodology of clinical practice guidelines

is a long improving development period. To avoid out-

dated guidelines, focused updates are published by more

rapid turn-around time when needed. Noteworthy, some

guidelines considered by Stirrup et al.1 have been

recently updated.7,8 It should be considered that a

number of performance measures and appropriateness

criteria have been developed. Performance measures are

derivative products of the guidelines that serve as tools

for measuring quality and to secure health system

improvement and accountability. In comparison with the

guidelines, the development of appropriate use criteria is

more recent. The first appropriateness document was

published in 2005,9 in response to growing utilization

and cost of noninvasive cardiovascular imaging and

recognition that randomized clinical trials marginally

supported its use in guidelines recommendations.
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Recently, appropriate use criteria for coronary revascu-

larization in patients with acute coronary syndromes

have been published,10 while those in patients with

stable ischemic heart disease are forthcoming. There-

fore, as outlined by the ESC, the guidelines never

supersede the responsibility of health professionals.

Guidelines can never provide the definitive answers for

all possible clinical scenarios and should not be fol-

lowed slavishly.

Entering the specific differences between the

American and European guidelines, many class of rec-

ommendations are similar, with differences only in the

level of evidence (LOE). However, some points deserve

a thorough discussion. The indications for diagnostic

imaging in patients with suspected coronary artery dis-

ease (CAD) are different for a few aspects. In particular,

ESC/EACTS guidelines recommend diagnostic testing

in stable CAD only in symptomatic patients and based

on the probability of significant disease. In patients with

intermediate probability (15%-85%) of CAD, functional

testing using stress echocardiography, myocardial per-

fusion imaging (MPI), magnetic resonance imaging

(MRI) or positron emission tomography (PET) is rec-

ommended (class I, LOE A for all four modalities),

while computed tomography (CT) angiography is con-

sidered a class IIa (LOE A) indication. In case of high

([85%) probability of CAD, coronary angiography is

recommended (class I, LOE A). The ACC/AHA guide-

lines look into the recommendation of diagnostic tests in

greater detail.11 Of note, while exercise electrocardio-

gram (ECG) is not mentioned in the ESC/EACTS

guidelines, in the American guidelines it is recom-

mended in patients with interpretable standard ECG

(class I, LOE A). Exercise test with nuclear imaging or

echocardiography is a class I indication (LOE B) only

for patients with non-interpretable ECG. In patients

unable to exercise, pharmacological stress MPI or

echocardiography should be performed (class I, LOE B).

CT angiography is reasonable (class IIa, LOE B) for

patients with a low to intermediate pre-test probability

of CAD and at least moderate physical functioning or no

disabling comorbidity and in those who are incapable of

at least moderate physical functioning or have disabling

comorbidity. For patients with a low to intermediate pre-

test probability of obstructive CAD, non-contrast car-

diac CT to determine the coronary calcium content may

be considered (class IIb, LOE C) according to ACC/

AHA guidelines, while the role of calcium score is not

mentioned in the European guidelines. Probably, this

point will be addressed in future updates, according to

the long-term warranty period of a zero calcium

score.12,13 An important difference in European and

American guidelines is that the European guidelines

recommend combined or hybrid imaging in

symptomatic patients with intermediate probability of

CAD, while no specific recommendation is included in

the American guidelines. These latter only state that

limited evidence were available on hybrid imaging at the

time of writing. However, a more recent ACC/AHA

update on these guidelines do not still reports a specific

indication for hybrid imaging in the diagnostic work-up

of patients with suspected CAD.14

In patients with low probability of CAD, the

European guidelines do not recommend diagnostic

imaging (class III, LOE A for stress echocardiography

and MPI; LOE C for CT angiography, stress MRI, PET,

and combined or hybrid imaging),2 while in ACC/AHA

guidelines diagnostic imaging (exercise and pharmaco-

logic stress MPI, echocardiography or MRI) is a class III

indication (LOE C) only in patients with an inter-

pretable ECG capable of at least moderate physical

exertion.11

A relevant problem for both European and Ameri-

can guidelines is that the indication for ischemia testing

are stratified according to the presence or not of symp-

toms and graded according to selected cut-off of pre-test

probability of disease. For the first point, this distinction

does not take into consideration that many patients

exhibit a myriad of atypical symptoms including dysp-

nea or heart palpitations, while other patients do not

experience any symptoms at all but may have silent

myocardial ischemia. For pre-test probability of CAD,

many algorithm have been proposed.11,15–18 Other

guidelines recommended imaging patients at interme-

diate or high CAD risk based on the Framingham risk

score.19 The precise definition of intermediate proba-

bility of CAD is somewhat arbitrary. A definition of

10% and 90% was first introduced in 1980 and applied

in several studies.20 Other boundaries have also been

proposed and used (i.e., between 15% and 85%, 20%

and 80%, or 30% and 70%). In addition, other features

should be considered in referring a patient to testing,

such as the degree of uncertainty acceptable to the

physician and patient; the likelihood of an alternative

diagnosis; the accuracy of the diagnostic test selected,

test accessibility, procedural cost, and risks of testing;

and how tests results impact the therapeutic options and

patient prognosis. Also noninvasive testing for ischemia

in geriatric patients, young women with atypical angina

and asymptomatic diabetic patients is a controversial

issue.1,21,22 With regard to asymptomatic diabetic

patients, it has been demonstrated that post-stress left

ventricular ejection fraction and stress-induced ischemia

by gated MPI predict the temporal characteristic of the

patient’s cardiac risk at long-term follow-up, with

patients with ischemia and ejection fraction B45%

showing the major risk acceleration in time.23 Con-

versely, a meta-analysis of studies including diabetic
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patients with known or suspected CAD found a negative

predictive value for cardiac death or nonfatal myocardial

infarction of normal MPI of 95%, during a weighted

mean follow-up of 36 months, resulting in estimated

annualized event rate after a negative test of 1.60%,

leading to define a ‘‘relatively low-risk’’ patients

category.24

In diabetic patients, both guidelines consider coro-

nary artery bypass grafting (CABG) to be a class I

indication; however, according to the European guide-

lines, in diabetics with stable multivessel CAD and

angiographic SYNTAX score B22, percutaneous coro-

nary intervention (PCI) should be considered (class IIa,

LOE B) as alternative to CABG. The rate of CABG is

worldwide reducing and in Medicare enrollees the cur-

rent ratio of PCI to CABG is 3:1. However, there is a

great variation in this ratio across countries, with a PCI

proportion of 84% in Germany.25 Economic considera-

tions, preference for less invasive procedures and

differences in healthcare system organization may

explain the heterogeneity. Given the current guidelines,

CABG is probably underutilized in patients with mul-

tivessel disease, especially diabetics, still undergoing

PCI, whereas CABG may be overused at least in some

patients with left main CAD. Noteworthy, both the

European and American guidelines recommend (class I,

LOE C) for heart team involvement to facilitate and

support efficient clinical workflows, particularly for

complex CAD, to better evaluate patient comorbidities,

surgical risk and long-term outcomes anticipation.

Recently we demonstrated that the presence of stress-

induced transient ischemic dilation (TID) provides

independent and incremental prognostic information for

the prediction of cardiac death or nonfatal myocardial

infarction in patients with diabetes.26 The addition of

TID to a prediction model based on cardiovascular risk

factors, left ventricular ejection fraction and ischemia

significantly improves risk discrimination and reclassi-

fication for incident cardiac events. The effect of

revascularization seems to be influenced by systolic

function, stress-induced myocardial ischemia, and TID.

A further difference between European and Amer-

ican guidelines concerns the recommendations on new-

generation drug-eluting stents (DES). The European

guidelines state that new-generation DES should be

considered by default in all clinical conditions and

lesion subsets. In addition, the European guidelines state

that new-generation DES are recommended over bare

metal stents also in patients who may require earlier

discontinuation of antiplatelet therapy. Conversely, the

American guidelines pose several, strong contraindica-

tion to DES use, such as the inability to comply or

tolerate a prolonged dual antiplatelet therapy (DAPT). In

particular, according to American guidelines, balloon

angioplasty or bare metal stents should be used in

patients with high bleeding risk, inability to comply with

12 months of DAPT, or anticipated invasive or surgical

procedures within the next 12 months, during which

time DAPT may be interrupted (class I, LOE B). It

should be considered that the American guidelines on

PCI used for the comparison were published in 2011.27

However, these differences were not leveled with

updated editions and the 2016 ACC/AHA guidelines

focused update on duration of DAPT in CAD patients

again states that in current practice, BMS are generally

reserved for patients who cannot receive DAPT for

[1 month for active bleeding, non adherence to medical

therapy or planned surgery.28

Also the assessment of patients after revascular-

ization according to the presence of symptoms is

addressed differently between the European and Amer-

ican guidelines. The European guidelines clearly

differentiate between asymptomatic and symptomatic

patients. In these latter stress testing is a class I indica-

tion for patients with new or worsening symptoms not

consistent with unstable angina and stress imaging is

preferred over the exercise ECG.2,3 In asymptomatic

patients, the European guidelines state that routine stress

testing may be considered (class IIb, LOE C)[2 years

after PCI and [5 years after CABG.2 The American

guidelines consider separately patients with new,

recurrent, or worsening symptoms and those asymp-

tomatic (or with stable symptoms). MPI,

echocardiography or MRI, with either exercise or

pharmacological stress or CT angiography are not rec-

ommended by the American guidelines for follow-up

assessment of stable patients if performed more fre-

quently than at 5-year intervals after CABG or 2-year

intervals after PCI. The American guidelines state that

MPI, echocardiography or MRI with either exercise or

pharmacological stress can be useful for follow-up

assessment at 2-year or longer intervals in stable CAD

patients with prior evidence of silent ischemia or who

are at high risk for a recurrent cardiac event and are

unable to exercise to an adequate workload, or have an

non interpretable ECG, or have a history of incomplete

coronary revascularization (class IIa, LOE C).11 Stress

imaging is also reasonable in patients who have new or

worsening symptoms not consistent with unstable ang-

ina and previously required imaging with exercise stress,

or have known multivessel CAD, or have a high risk of

multivessel CAD (class IIa, LOE B).11 As clearly

reported by Stirrup et al.1 the other indications for the

follow-up of asymptomatic as well symptomatic patients

after revascularization are not directly comparable, due

to the lack of specific equivalent recommendation.1,2,11

Our group evaluated the long-term prognostic value of

stress MPI performed between 12 and 18 months after
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PCI. In a first study, patients were followed for a mean

period of 37 ± 16 months.29 At Cox analysis, the sum-

med stress score (P\ .05) and summed difference score

(P\ .001) were significant predictors of cardiac death,

nonfatal myocardial infarction, and late revasculariza-

tion procedures. Event-free survival curves showed a

higher event rate in patients with than without ischemia

(P\ .001). Noteworthy, the occurrence of events was

higher in the presence of ischemia in symptomatic and

symptom-free patients (both P\ .001). We also found

that combining clinical variables and stress MPI is

useful to characterize the risk of cardiac events and its

temporal variation.30 In particular, parametric survival

models seem useful to estimate predicted time to risk

and levels of risk at specific intervals after PCI. In

another study we assessed predictors and temporal

characteristics of cardiac risk in patients referred for

stress MPI five years after CABG.31 At multivariable

Cox analysis, ischemia at MPI and diabetes was inde-

pendent predictors of cardiac death and myocardial

infarction. The parametric survival model revealed that

the cardiac risk was greater for all time intervals and

accelerated more over time in patients with ischemia

than in those without (P\ .0001). Thus, stress MPI

performed five years after CABG is useful to charac-

terize the risk of cardiac events and its temporal

variation. Larger prospective studies are needed to

assess whether stress MPI will have an impact on the

outcome in asymptomatic patients after

revascularization.32

There are probably reasonable grounds to maintain

separate European and American guidelines for

myocardial revascularization, due to differences in tar-

get audiences, health organizations, and resources.

However, alignment on levels of evidence from the

same sources seems desirable, and may even be facili-

tated by the decision of the ACCF/AHA toward

engaging a separate evidence review committee com-

prised of methodologists, epidemiologists, and

biostatisticians.33 This process would be clearly

enhanced by an appropriately constituted single group

derived from both sides of the Atlantic that facilitate

optimizing care.34 The rise in health care costs may

hamper the introduction of novel therapeutic approach

in some countries. Consequently, it would be desirable

to implement an economic framework on investment to

address the potential cost-effectiveness of the recom-

mendations. The process for initiating, revising, and

updating clinical guidelines is continuously evolving.

Major challenges are responding timely to the continu-

ally expanding evidence while maintaining rigorous

processes and methodology, and bridging the gap

between researchers and policy makers.
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12. Valenti V, ÓHartaigh B, Heo R, Cho I, Schulman-Marcus J,

Gransar H, et al. A 15-year warranty period for asymptomatic

individuals without coronary artery calcium: A prospective follow-

up of 9,715 individuals. JACC Cardiovasc Imaging. 2015;8:900–9.

13. Nappi C, Nicolai E, Daniele S, Acampa W, Gaudieri V, Assante R,

et al. Long-term prognostic value of coronary artery calcium

scanning, coronary computed tomographic angiography and stress

myocardial perfusion imaging in patients with suspected coronary

artery disease. J Nucl Cardiol. 2016. doi:10.1007/s12350-016-

0657-2.

14. Fihn SD, Blankenship JC, Alexander KP, Bittl JA, Byrne JG,

Fletcher BJ, et al. 2014 ACC/AHA/AATS/PCNA/SCAI/STS

focused update of the guideline for the diagnosis and management

of patients with stable ischemic heart disease. J Am Coll Cardiol.

2014;64:1929–49.

15. Diamond GA, Forrester JS. Analysis of probability as an aid in the

clinical diagnosis of coronary-artery disease. N Engl J Med.

1979;300:1350–8.

16. Pryor DB, Shaw L, McCants CB, Lee KL, Mark DB, Harrell FE Jr,

et al. Value of the history and physical in identifying patients at

increased risk for coronary artery disease. Ann Intern Med.

1993;118:81–90.

17. Genders TS, Steyerberg EW, Alkadhi H, Leschka S, Desbiolles L,

Nieman K, et al. CAD Consortium. A clinical prediction rule for

the diagnosis of coronary artery disease: validation, updating, and

extension. Eur Heart J. 2011;32:1316–30.

18. Genders TS, Steyerberg EW, Hunink MG, Nieman K, Galema

TW, Mollet NR, et al. Prediction model to estimate presence of

coronary artery disease: Retrospective pooled analysis of existing

cohorts. BMJ. 2012;12(344):e3485.

19. Ferket BS, Genders TS, Colkesen EB, Visser JJ, Spronk S,

Steyerberg EW, et al. Systematic review of guidelines on imaging

of asymptomatic coronary artery disease. J Am Coll Cardiol.

2011;57:1591–600.

20. Diamond GA, Forrester JS, Hirsch M, Staniloff HM, Vas R,

Berman DS, et al. Application of conditional probability analysis

to the clinical diagnosis of coronary artery disease. J Clin Investig.

1980;65:1210–21.

21. Petretta M, Acampa W, Daniele S, Petretta MP, Nappi C, Assante

R, et al. Transient ischemic dilation in SPECT myocardial perfu-

sion imaging for prediction of severe coronary artery disease in

diabetic patients. J Nucl Cardiol. 2013;20:45–52.

22. Petretta M, Cuocolo A. Screening asymptomatic patients with type

2 diabetes is recommended: Pro. J Nucl Cardiol. 2015;22:1225–8.

23. Acampa W, Petretta M, Daniele S, Del Prete G, Assante R,

Zampella E, et al. Incremental prognostic value of stress

myocardial perfusion imaging in asymptomatic diabetic patients.

Atherosclerosis. 2013;227:307–12.

24. Acampa W, Cantoni V, Green R, Maio F, Daniele S, Nappi C,

et al. Prognostic value of normal stress myocardial perfusion

imaging in diabetic patients: A meta-analysis. J Nucl Cardiol.

2014;21:893–902.

25. OECD. Health at a Glance. OECD indicators. Paris: OECD Pub-

lishing; 2015. p. 2015.

26. Petretta M, Acampa W, Daniele S, Petretta MP, Plaitano M,

Cuocolo A. Transient ischemic dilation in patients with diabetes

mellitus: Prognostic value and effect on clinical outcome after

coronary revascularization. Circ Cardiovasc Imaging. 2013;6:908–

15.

27. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA,

Cercek B, et al. 2011 ACCF/AHA/SCAI guideline for percuta-

neous coronary intervention. J Am Coll Cardiol. 2011;58:e44–122.

28. Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA,

et al. 2016 ACC/AHA guideline focused update on duration of

dual antiplatelet therapy in patients with coronary artery disease: A

report of the American College of Cardiology/American Heart

Association task force on clinical practice guidelines: An Update

of the 2011 ACCF/AHA/SCAI guideline for percutaneous coro-

nary intervention, 2011 ACCF/AHA guideline for coronary artery

bypass graft surgery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAI/

STS guideline for the diagnosis and management of patients with

stable ischemic heart disease, 2013 ACCF/AHA guideline for the

management of ST-elevation myocardial infarction, 2014 AHA/

ACC guideline for the management of patients with non-ST-ele-

vation acute coronary syndromes, and 2014 ACC/AHA guideline

on perioperative cardiovascular evaluation and management of

patients undergoing noncardiac surgery. Circulation.

2016;134:e123–55.

29. Acampa W, Petretta M, Florimonte L, Mattera A, Cuocolo A.

Prognostic value of exercise cardiac tomography performed late

after percutaneous coronary intervention in symptomatic and

symptom-free patients. Am J Cardiol. 2003;91:259–63.

30. Acampa W, Evangelista L, Petretta M, Liuzzi R, Cuocolo A.

Usefulness of stress cardiac single-photon emission computed

tomographic imaging late after percutaneous coronary intervention

for assessing cardiac events and time to such events. Am J Cardiol.

2007;100:436–41.

31. Acampa W, Petretta M, Evangelista L, Nappi G, Luongo L, Pet-

retta MP, et al. Stress cardiac single-photon emission computed

tomographic imaging late after coronary artery bypass surgery for

risk stratification and estimation of time to cardiac events. J

Thorac Cardiovasc Surg. 2008;136:46–51.

32. Acampa W, Petretta MP, Daniele S, Perrone-Filardi P, Petretta M,

Cuocolo A. Myocardial perfusion imaging after coronary revas-

cularization: A clinical appraisal. Eur J Nucl Med Mol Imaging.

2013;40:1275–82.

33. Jacobs AK, Anderson JL, Halperin JL. The evolution and future of

ACC/AHA clinical practice guidelines: A 30-year journey: A

report of the American College of Cardiology/American Heart

Association task force on practice guidelines. J Am Coll Cardiol.

2014;64:1373–84.

34. Bainey KR, Armstrong PW. Transatlantic comparison of ST-seg-

ment elevation myocardial infarction guidelines: Insights from the

United States and Europe. J Am Coll Cardiol. 2016;67:216–29.

Journal of Nuclear Cardiology� Petretta and Cuocolo 1061

Volume 24, Number 3;1057–61 Guidelines for myocardial revascularization

http://dx.doi.org/10.1007/s12350-016-0657-2
http://dx.doi.org/10.1007/s12350-016-0657-2

	Comparison of ESC and ACC/AHA guidelines for myocardial revascularization: are the differences clinically relevant? The European perspective
	References




