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Abstract

The American College of Cardiology Foundation (ACCF),
Society for Cardiovascular Angiography and Interventions
Society of Thoracic Surgeons, and the American Association
for Thoracic Surgery, along with key specialty and subaipeci
societies, conducted an appropriateness review of common
clinical scenarios in which coronary revascularizatidneis
quently considered. The clinical scenarios were develmped
mimic common situations encountered in everyday practice
and included information on symptom status, extent of med-
ical therapy, risk level as assessed by noninvasive tesiihg
coronary anatomy. Approximately 180 clinical scenarias we
developed by a writing committee and scored by a separate
technical panel on a scale of 1 to 9. Scores of 7 to 9 indicate
that revascularization was considered appropriate aglgt tix
improve health outcomes or survival. Scores of 1 to 3 iraicat
revascularization was considered inappropriate andelynti
improve health outcomes or survival. The mid range (4 to 6)
indicates a clinical scenario for which the likelihood that
coronary revascularization would improve health outcames
survival was considered uncertain. For the majority of the
clinical scenarios, the panel only considered the apjitepri
ness of revascularization irrespective of whether this was
accomplished by percutaneous coronary intervention (BCl)
coronary artery bypass graft surgery (CABG). In a select
subgroup of clinical scenarios in which revascularizagon
generally considered appropriate, the appropriateneBE bf
and CABG individually as the primary mode of revasculariza-
tion was considered.

In general, the use of coronary revascularization forratie
with acute coronary syndromes and combinations of sigmi®ca
symptoms and/or ischemia was viewed favorably. In contrast
revascularization of asymptomatic patients or patiente wi
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low-risk ®ndings on noninvasive testing and minimal médicaprocedures examined. Future evidence development may re-
therapy were viewed less favorably. It is anticipated testet  quire these ratings to be updated. The appropriatenessiarit
results will have an impact on physician decision making andre also developed to identify common clinical scenariagb b
patient education regarding expected bene®ts from réaascu they cannot possibly include every conceivable clintcal- si
ization and will help guide future research. tion. Thus, some patients seen in clinical practice are not
represented in these appropriateness criteria or havioadti
extenuating features compared with the clinical scenarios
presented. Additionally, although appropriateness réita-

_ dications and ratings are shaped by the practice guidgiives
The publication of appropriateness criteria re ects one Ofappropriateness criteria often contain more detailedasicen
several ongoing efiorts by the ACCF and its partners t0 @SSighan the more generalized situations covered in clinicaitjve

clinicians caring for patients with cardiovascular de&gds g jigelines, and thus, subtle differences between thesil2 gu
deliver high-quality cardiovascular care. The AmericalieQe ance tools is possible.

of Cardiology (ACC)/American Heart Association (AHA) Finally, appropriateness criteria are intended to assist

pr?C“Ce guidelines p_rowde a foundation for Summ_ar'z'ngpatients and clinicians, but are not intended to diminish the
evidence-based cardiovascular care and, when evidence

) . i . ) a(':inowledged dif®culty or uncertainty of clinical decision
lacking, provide expert consensus opinion that is apprioved

review by the ACCF and AHA. However, in many areas making and cannot act as substitutes for sound clinical
marked variability remains in thé use of ca{rdiovascularepro’ judgment and practice experience. Rather, the aim of these

- : criteria is to allow assessment of utilization patterns for a
dures, raising questions of over- or under-use. One reason ftest or procedure. Comparing utilization patterns across a
this variability is a paucity of large randomized clinicellg P ' paring P

conducted assessing the value of technology for speci®c Iggr_ge subset Of, prczwder's patients can aII_ow fo.r an assess-
tients, including cardiac imaging, catheterization, amidoary ment of a provider's managgment strategies W,'th those of
revascularization. As such, there are many instancesdticera hls/hgr peer's. The ACCF and '|ts col!aborators bgheye that an
where the guidelines provide no recommendation, or alterna®"g0ing review of one's practice using these criteria eff) h
tively, a Level C recommendation (expert opinion). For othe 9uide a more efiective, ef®cient, and equitable allocafion
areas, evidence is available but variabilty in clinicattipe ~ h€alth care resources, and ultimately, better patienboes.
remains. In either case, appropriateness criteria. provattical In developing these appropriateness criteria for coronary
tools to measure this variability to examine utilizatiotiguas. revascularization, the technical panel was asked to assess
Appropriateness criteria are developed to serve as a-suppfghether coronary revascularization for each indication was
ment to ACC/AHA guideline documents. Appropriateness appropriate, uncertain, or inappropriate using the following
criteria are designed to examine the use of diagnostic ar@e®nition of appropriateness:
therapeutic procedures to support ef®cient use of medical Coronary revascularization is appropriate when the ex-
resources during the pursuit of quality medical care. Thepected bene®ts, in terms of survival or health outcomes
process of appropriateness criteria development has keen dsymptoms, functional status, and/or quality of life) exceed
®ned previousiyl). Brie'y, the appropriateness criteria writing the expected negative consequences of the procedure.
group combines speci®c clinical characteristics to qeste The technical panel scored each indication on a scale
typical patient scenarios. These scenarios are then pebtod from 1 to 9 as follows:
a separate technical panel for appropriateness rating. The -
technical panel is created from nominations given by nialtip Amw 9 . . .
relevant professional societies and provider-led orgtmis as Appropriate fgr thg indication provided, meaning coro-
well as from health policy and payer communities. To presen/1a7Y revascularizatioss generally acceptable aigla rea-
objectivity, the technical panels are created so as to dati ~ S0nable approach for the indication andikely to improve
a majority of individuals whose livelihood is tied to the the patients health outcomes or survival.

technology under study. Uncertain: Score 4 to 6

In making its appropriateness determinations, the teelinic  yncertain for the indication provided, meaning coronary
panel is provided with summaries of the relevant evideooe fr  eyascularizatiomaybe acceptable andaybe a reasonable
the medical literature and practice guidelines. They aem th approach for the indication but with uncertainty implying

asked @®rst individually and then collectively to assess thgai more research andlor patient information is needed to
bene®ts and risks of a test or procedure in the context of thﬁlrther classify the indication

potential bene®ts to patients' outcomes and an implicietnd

standing of the associated resource use and costs. After thelnappropriate: Score 1 to 3

ranking process, the ®nal appropriateness ratings areaumm Inappropriate for the indication provided, meaning cor-

rized using an established rigorous methodol@yy ( onary revascularizationnst generally acceptable andist
Appropriateness criteria are based on current understgndi a reasonable approach for the indication andrikkely to

of the technical capabilities and potential patient bese®the  improve the patients' health outcomes or survival.
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It is acknowledged that grouping these scores into 3 cate- All prior appropriateness criteria publications from the
gories is somewhat arbitrary and that the numeric desigmati ACCF and collaborating organizations have re ected an
should be viewed as a continuum. Since some diversity iongoing effort to critically and systematically create, review,
clinical opinions for particular clinical scenarios wilseor  and categorize the appropriateness of certain cardiovascular
available research is limited or conicting, scores in thediagnostic tests. This document presents the ®rst attempt to
intermediate level of appropriateness are labeled 2antért develop appropriateness criteria for therapeutic procedures:
This identi®es the need for targeted investigations tifgllwe  in this case, 2 distinct approaches to coronary artery revas-
best therapy in these circumstances. It is anticipatediiese  cularization. This is an important shift to the explicit
appropriateness criteria will require updates as further dre  consideration of the potential bene®ts and risks of a thera-
generated and information from the implementation of thesepeutic procedure. This document presents the results of this
criteria accumulates. effort, but it is critical to understand the background and

To prevent bias in the scoring process, the technical panacope of this document before interpreting the rating tables.
was deliberately comprised of physicians with varyingpeers
tives on coronary revascularization and not comprisely dle
experts (e.g., interventional cardiologists or cardamlassur-  Methods
geons) in the particular procedure under evaluation. Suck

ex_perts, while offering important clinical and t.echnigalghts., . Brie'y, this process combines evidence-based mediciite-gu
might have a natural tendency to rate the indications W'th'nlines, and practice experience by engaging a technicalipane

their specialty as more appropriate than nonspecialists. 'modi®ed Delohi exercise as previously described by RAND
addition, care was taken in providing objective, nonbiased P P y y RAND (

information, including national practice guidelines arftt@ad

range of key references, to the technical panel. » o
We are grateful to the technical panel, a professionairhe writing group for the coronary revascularization indi-

group with a wide range of skills and insights, for their cations was comprised of members from the relevant pro-

thoughtful and thorough deliberation of the merits of fessional societies including both practicing interventional

coronary revascularization for various indications. In addicardiologists and a cardiothoracic surgeon. Recognizing

tion to our thanks to the technical panel for their dedicatedVariability in- many patient factors, local practice patterns,
work and review, we would like to offer special thanks to the?Nd @ lack of data comparing PCI with CABG in all
many individuals who provided a careful review of the draffPossible clinical scenarios, the technical panel was asked to
indications: to Peggy Christiansen, the ACCF librarian, for 'ate the majority of clinical indications only for the appro-
her comprehensive literature searches; to Karen CarutiPriateness of revascularization and not to distinguish be-
who continually drove the process forward; to Lindsey LawfWeen the speci®c modes of revascularization (i.e., PCI

and Kennedy Elliott, who helped map these criteria with Versus CABG). In addition, the writing group identi®ed
existing ACC/AHA practice guidelines; and to Manesh indications for patients with advanced coronary disease and

Patel, MD, the chair of the writing committee, for his symptoms, where revascularization is generally considered
dedication, insight and leadership. to be appropriate. In this section, PClI and CABG were
Frederick A. Masoudi. MD. MSPH. FACC independently evaluated for appropriateness.

Moderator, Coronary Revascularization Technical PanePnce the indications were drafted, reviewers from all
participating collaborators and stakeholders, including car-

Ralph G. Brindis, MD, MPH, FACC, FSCAI djovascular and surgical societies, provided feedback regard-
Chair, Appropriateness Criteria Task ForGgg the clinical indications for coronary revascularization.
These comments led to substantial improvements and
Introduction changes in the clinical scenarios.

Indication Development

This report addresses the appropriateness of coronary revaz<0Pe of Indications

cularization. The increasing prevalence of coronary arteryhe indications contained in this report are purposefully
disease (CAD), advances in surgical and percutaneousoad and intended to represent the most common patient
techniques for revascularization as well as concomitarsicenarios for which coronary revascularization is considered.
medical therapy for CAD, and the costs of revascularizatioriThe development of these clinical scenarios re-emphasized
have resulted in heightened interest regarding the approprito the writing group the complexity of the decision-making
ateness of coronary revascularization. Clinicians, payers, aptbcess for revascularization and the number of variables
patients are interested in the speci®c bene®ts of revasculdrat inform this decision. The writing group estimated that
ization. Importantly, inappropriate use of revascularizationover 4,000 separate clinical scenarios would be required to
may be potentially harmful to patients and generate unwarincorporate all permutations of these variables. However,
ranted costs to the health care system, whereas approprigieoviding that level of granularity to this framework would
procedures should likely improve patients' clinical outcomese cumbersome and likely degrade the purpose of these
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criteria. As this was not a viable option, the indications were At the face-to-face meeting, each panelist received a

developed considering the following common variables: personalized rating form that indicated his/her rating for
each indication and the distribution of deidenti®ed ratings

a. The clinical presentation (e.g., acute coronary syndromey other members of the panel. In addition, the moderator

stable angina, and so on); _ _ ~ received a summary rating form with similar information
b. Severity of angina (asymptomatic, Canadian Cardiovastincluding panelist identi®cation), along with other statistics
cular Society [CCS] Class I, I, I, or V), re ecting the level of agreement among panel members.

c. Extent of ischemia on noninvasive testing and theThe level of agreement among panelists, as de®ned by
presence or absence of other prognostic factors, such RAND, was analyzed for each indication based on the
congestive heart failure (CHF), depressed left ventriculaBIOMED rule for a panel of 14 to 16 (a simpli®ed RAND
function, or diabetes; method for determining disagreementR)( Per the

d. Extent of medical therapy; and BIOMED de®nition, agreement was de®ned as an indica-

e. Extent of anatomic disease (1-, 2-, 3-vessel disease, wition where 4 or fewer panelists' ratings fell outside the
or without proximal left anterior descending artery 3-point region containing the median score. Disagreement
[LAD] or left main coronary disease). was de®ned as a situation where at least 5 panelists' ratings

fell in both the appropriate and the inappropriate categories.

The clinical indications developed include coronary anat'Because the panel had 17 representatives, which exceeded

omy, as this is the focu_s of much of the previous Ilteraturqhe 16 addressed in this rule, an additional level of agree-
on coronary revascularization. H(_)wever, the writing groupant analysis as described by RAND was performed that
recognizes that for everyday patient care, symptom statugy s mines the interpercentile range compared to interpercen-
ischemic burden, and level of medical therapy often play g range adjusted for symmetrg)( This information was

critical role in decision making even before the coronary geq by the moderator to guide the panel's discussion by

anatomy has been de®ned by angiography. ~ highlighting areas of differences among the panelists.
Please note that the indications focus on revascularigzatio

percutaneous or surgical, and therefore do not address diag;,arg Assumptions
nostic catheterization or coronary angiography. Addaibn
the clinical scenarios presented are not inclusive of eversy ) ) . )
possible clinical situation. For example, the use of coyona SPECI®C assumptions are provided that were considered by
revascularization for patients with multivessel diseseding the technical pa_mel in rating the reIeva}nt 9I|n|cal indications

1 or more occluded vessels and clinical symptoms or iSChen'T%l.’ the appropriateness of revascularization:

was not included as a separate indication since otherivagat 1. Each clinical indication includes the patient's clinical

of multivessel disease are present. status/symptom complex, ischemic burden by noninva-
sive functional testing when presented, burden of cor-
Panel Selection onary atherosclerosis as determined by angiography,

Stakeholders were given the opportunity to participate in and intensity of medical therapy in the determination of

the appropriateness criteria process by submitting nominees  the appropriateness of coronary revascularization.
from their organizations through a call for nominations 2- ASSume coronary angiography has been performed

announced in the summer of 2006. Erom this list of when these ®ndings are presented in the clinical indi-

nominees, the task force and writing group selected techni- cations. The panel should rate the gppropnateness of
cal panel members to ensure an appropriate balance with revascularlzat_lon based upon the cI|n|.caI features _and
respect to expertise. The 17-member technical panel was coronary ®ndings, gnd not the appropriateness of diag-
composed of 4 interventional cardiologists, 4 cardiovascular, nostic coronary angiography. .

surgeons, 8 members representing cardiologists, other phy~" Assume Ieftomaln coronary artery steno§|s (greater tf_lan 0
sicians who treat patients with cardiovascular disease, health equal to 50% luminal diameter narrowing) or proximal

. LAD stenosis (greater than or equal to 70% luminal
outcome researchers, and 1 medical of®cer from a health plan . . . .
diameter narrowing) is not present unless speci®cally

noted. Assume no other signi®cant coronary artery steno-
ses are present except those noted in the clinical scenario.
The panel members ®rst rated indications independently.4. The clinical scenarios should be rated based on the
Then the panel met for a discussion of each indication.  published literature regarding the risks and bene®ts of
After the face-to-face discussion, panel members then percutaneous and surgical coronary revascularization.
independently provided their ®nal scores for each indica- Note that speci®c patient groups not well represented in
tion. Each panel member had equal weight in producing the  the literature are not presented in the current clinical
®nal result for the indications and was not forced into  scenarios. However, the writing group recognizes that
consensus. For each indication, the median numerical score decisions about coronary artery revascularization in
was determined. such patients are frequently required. Examples of such
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Table A. CAD Prognostic Index 9. Revascularization by either percutaneous or surgical
Prognostic 5Year methods is performed in a manner consistent with
Weight Survival Rate established standards of cat®£129.

Extent of CAD (0+100) %oy 10. In the clinical scenarios, no unusual extenuating cir-
1-vessel disease, 75% 2 o cumstances exist (such as inability to comply with
| Lvessel disease, 5% to 74% 23 9 antiplatelet agents, do not resuscitate status, patient
:::z:: ZEZ:? 95% 3327 9;8 unwilling to consider revascularization, technically not
2-vessel disease. botl 95% 42 o6 f§a5|ble to perform 'revascularlzatlon, or gomorbldltles

4 . likely to markedly increase procedural risk substan-
1-vessel disease$ 95% proximal LAD 48 83 . .
2-vessel diseases 95% LAD 18 83 tially), unless speci®cally noted.
2-vessel disease$ 95% proximal LAD 56 79
3-vessel disease 56 79 De®nitions
3-vessel disease$ 95% in at least 1 63 73
3-vessel disease, 75% proximal LAD o7 67 A complete set of de®nitions of terms used throughout the
3-vessel disease$ 95% proximal LAD 74 59

indication set are listed idppendix A These de®nitions
were provided and discussed with the technical panel prior
to ratings of indications.

*Assuming medical treatment only. CAD indicates coronary artery disease; LAD, left anterior
descending coronary artery. From Califf RM, Armstrong PW, Carver JR, et al. Task Force 5.
Strati®cation of patients into high-, medium-, and low-risk subgroups for purposes of risk factor

management. J Am Coll Cardiol. 1996;27:964+1047 (4). Maximal Anti-Ischemic Medical Therapy
) ) _ ) As previously stated, the indications assume that patients
patients include those with end-stage renal disease Qe receiving risk factor modi®cation according to guideline-
advanced age. based recommendations. For the purposes of the clinical
5. Clinical outcome is related to the extent of coronarygcenarios presentemaximal antianginal medical therapy

artery diseasel@ble A) (3). Based on this observation s de@ned as the use of at least 2 classes of therapies to
and clinical guideline recommendations regarding ®boreduce anginal symptoms.

derline® angiographic stenoses (50% to 60%) in epicar- ) _ o
dial (non-left main) locations, a signi®cant coronaryStress Testing and Risk of Findings on
stenosis for the purpose of the clinical scenarios ifloninvasive Testing

de®ned as: Stress testing is commonly used for both diagnosis and risk
> greater than or equal to 70% luminal diameterStrat'®Cat'°n of patients with coronary artery disease. Using

narrowing, by visual assessment, of an epicardi&”te”a de®ned for traditional exercise stress t&§)s (

stenosis measured in the 2worst view® angiographic [ow-risk stress test ®ndingsassociated with a cardiac
projection. mortality of less than 1% per year;

2 greater than or equal to 50% luminal diameter |niermediate-risk stress test ®ndingsassociated with a
narrowing, by visual assessment, of a left main 1% to 3% per year cardiac mortality:

stenosis measured in the 2worst view® angiographic | . . . . .
S glograp High-risk stress test ®ndingsassociated with a greater
projection. 0 . .
than 3% per year cardiac mortality.

6. All patients are receiving standard care, including Examples of ®ndings from noninvasive studies and their
guideline-based risk factor modi®cation for primary orassociated level of risk for cardiac mortality are presented in
secondary prevention in cardiovascular patients unlessple A2 (12). As noted in the footnote to this table, for
speci®cally notecb£9. certain low-risk ®ndings, there may be additional ®ndings

7. Despite the best efforts of the clinician, all patients mayhat alter the assessment of risk, but these relationships have
not achieve target goals for risk factor modi®cationnot been well studied. Implicit in these risk de®nitions is a
However, a plan of care to address risk factors isneasure of the amount of myocardium at risk, or ischemic
assumed to be occurring in patients represented in thenyocardium. For the purpose of the clinical indications for
indications. For patients with chronic stable angina, thecoronary revascularization, stress test ®ndings are presented
writing group recognizes that there is a wide variance irby these risk criteria. For patients without stress test
the medical therapy for angina. The speci®c de®nitio®ndings, please refer to the note below on invasive methods
of maximal anti-ischemic medical therapy is presentetf determining hemodynamic signi®cance. Assume that
in the de®nition section. when prior testing (including an imaging procedure) is

8. Operators performing percutaneous or surgical revascueferenced in an indication, the testing was performed
larization have appropriate clinical training and experi-correctly and with suf®cient quality so as to produce a
ence and have satisfactory outcomes as assessednisaningful and accurate result within the limits of the test
quality assurance monitorind@+12. performance.
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Table B. Grading of Angina Pectoris by the Canadian
Cardiovascular Society Classi®cation System

Class |

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

Class Il

Slight limitation of ordinary activity. Angina occurs on walking or climbing
stairs rapidly, walking uphill, walking or stair climbing after meals or in cold,
or in wind, or under emotional stress, or only during the few hours after
awakening. Angina occurs on walking more than 2 blocks on the level and
climbing more than one “ight of ordinary stairs at a normal pace and in
normal condition.

Class Il

Marked limitations of ordinary physical activity. Angina occurs on walking one
to two blocks on the level and climbing one “ight of stairs in normal
conditions and at a normal pace.

Class IV

Inability to carry on any physical activity without discomfortbanginal
symptoms may be present at rest.

From Campeau L. Grading of angina pectoris [letter]. Circulation. 1976;54:522+3 (L4). Copyright
1976 American Heart Association, Inc. Reprinted with permission.
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2 Cardiac marker
X Elevated cardiac Troponin T, Troponin |, or crea-
tine kinase-MB (e.g., Troponin T or | greater than
0.1 ng per ml)

Abbreviations

CABG 5 coronary artery bypass grafting
CAD 5 coronary artery disease

CCS 5 Canadian Cardiovascular Society
CCT 5 cardiac computed tomography
CHF 5 congestive heart failure

ECG 5 electrocardiogram

FFR 5 fractional ow reserve

HF 5 heart failure

IVUS 5 intravascular ultrasound

LAD 5 left anterior descending artery
LIMA 5 left internal mammary artery
LV 5 left ventricular

LVEF 5 left ventricular ejection fraction
MI 5 myocardial infarction

For the purposes of the clinical indications in this NTG 5 nitroglycerin
document, patients with both typical and atypical angina ard’Cl 5 percutaneous coronary intervention
classi®ed by the feature of the CCS grading system pré2DA 5 patent ductus arteriosus
sented inTable B Patients with noncardiac chest pain STEMI 5 ST-segment elevation myocardial infarction

should be considered to be asymptomatic.

High-Risk Features for Short-Term Risk of Death or
Nonfatal MI for UA/INSTEMI ( 15)

At least 1 of the following:

UA/NSTEMI 5 unstable angina/non+ST-segment eleva-
tion myocardial infarction

Results of Ratings

The ®nal ratings for coronary revascularizatiteb{es 1to 4)

2 HistorybAccelerating tempo of ischemic symptoms in are listed by indication sequentially as obtained fromrgeco

preceding 48 hours

round rating sheets submitted by each panelist. Figures dem

2 Character of painbProlonged ongoing (greater than 20 onstrating trends in appropriateness rating by symptotmsta

minutes) rest pain

2 Clinical ®ndings
X Pulmonary edema, most likely due to ischemia
X New or worsening mitral regurgitation murmur
X S5 or new/worsening rales
X Hypotension, bradycardia, tachycardia
X Age greater than 75 years

2 Electrocardiogram

ischemic risk, and method of revascularization are alseries.
There was generally less variation in ratings for the indica

tions labeled as either appropriate or inappropriate, @b

and 70%, respectively showing agreement as de®ned gdyevious

in the Methods section. There was, however, greater vityabi

in the rating scores for indications de®ned as uncertain,

suggesting wide variation in opinion. Several indicatfaited

to meet the de®nition of agreement noted above. There were

X Angina at rest with transient ST-segment changesno ratings where the panel held such opposing viewpoints tha

greater than 0.5 mm
X Bundle-branch block, new or presumed new
X Sustained ventricular tachycardia

the panel's votes were determined to be in 2disagreement® as
de®ned by the strict RAND de®nitions described previounsly i
the Methods section.
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Table 1. Patients With Acute Coronary Syndromes

Indication

Appropriateness
Score (1+9)

1.

< STEMI
c Less than or equal to 12 hours from onset of symptoms
< Revascularization of the culprit artery

A"

¢ STEMI
¢ Onset of symptoms within the prior 12 to 24 hours
< Severe HF, persistent ischemic symptoms, or hemodynamic or electrical instability present

A

¢ STEMI
¢ Greater than 12 hours from symptom onset
< Asymptomatic; no hemodynamic instability and no electrical instability

l'@

< STEMI with presumed successful treatment with ®brinolysis
< Evidence of HF, recurrent ischemia, or unstable ventricular arrhythmias present
< One-vessel CAD, presumed to be the culprit artery

A

< STEMI with presumed successful treatment with ®brinolysis

< Asymptomatic; no HF or no recurrent ischemic symptoms, or no unstable ventricular arrhythmias
< Normal LVEF

< One-vessel CAD presumed to be the culprit artery

Ue)

¢ STEMI with presumed successful treatment with ®brinolysis

< Asymptomatic; no HF, no recurrent ischemic symptoms, or no unstable ventricular arrhythmias at time of presentation

< Depressed LVEF
¢ Three-vessel CAD
¢ Elective/semi-elective revascularization

< STEMI with successful treatment of the culprit artery by primary PCI or ®brinolysis

< Asymptomatic; no HF, no evidence of recurrent or provokable ischemia or no unstable ventricular arrhythmias during

index hospitalization
< Normal LVEF
< Revascularization of a non-infarct related artery during index hospitalization

'@

¢ STEMI or NSTEMI and successful PCI of culprit artery during index hospitalization

< Symptoms of recurrent myocardial ischemia and/or high-risk ®ndings on noninvasive stress testing performed after

index hospitalization

< Revascularization of 1 or more additional coronary arteries

< UA/INSTEMI and high-risk features for short-term risk of death or nonfatal Ml
< Revascularization of the presumed culprit artery

10.

< UA/INSTEMI and high-risk features for short-term risk of death or nonfatal Ml
< Revascularization of multiple coronary arteries when the culprit artery cannot be clearly determined

11.

< Patients with acute myocardial infarction (STEMI or NSTEMI)
< Evidence of cardiogenic shock
< Revascularization of 1 or more coronary arteries

*Subscripted numbers are a re ection of the continuum as per the appropriateness criteria methodology and should not be interpreted as 2degrees of appropriateness or inappropriateness.®
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Table 2. Patients Without Prior Bypass Surgery

Appropriateness Score (1+9)

CCS Angina Class

Indication Asymptomatic lorll Il or IV

12. < One- or 2-vessel CAD without involvement of proximal LAD I I 2 Us)
¢ Low-risk ®ndings on noninvasive testing
¢ Receiving no or minimal anti-ischemic medical therapy

13. ¢ One- or 2-vessel CAD without involvement of proximal LAD I'2 Us) Ao
¢ Low-risk ®ndings on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

14. < One- or 2-vessel CAD without involvement of proximal LAD I U U
¢ Intermediate-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

15. < One- or 2-vessel CAD without involvement of proximal LAD Uw Ao A
¢ Intermediate-risk ®ndings on noninvasive testing

¢ Receiving a course of maximal anti-ischemic medical therapy

16. < One- or 2-vessel CAD without involvement of proximal LAD U Ao A s
¢ High-risk ®ndings on noninvasive testing
¢ Receiving no or minimal anti-ischemic medical therapy

17. ¢ One- or 2-vessel CAD without involvement of proximal LAD A A g A
¢ High-risk ®ndings on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

18. < One- or 2-vessel CAD without involvement of proximal LAD 2 U s A
< No noninvasive testing performed

19. < One- or 2-vessel CAD with borderline stenosis 250% to 60%° 2 I @ I @
< No noninvasive testing performed

< No further invasive evaluation performed (i.e., FFR, IVUS)
20. < One- or 2-vessel CAD with borderline stenosis 250% to 60%° I3 U ) Ao
< No noninvasive testing performed or equivocal test results present

¢ FFR less than 0.75 and/or IVUS with signi®cant reduction in cross-sectional area

21. < One- or 2-vessel CAD with borderline stenosis 250% to 60%° I oy ' 2
< No noninvasive testing performed or equivocal test results present
¢ FFR or IVUS ®ndings do not meet criteria for signi®cant stenosis

22. < Chronic total occlusion of 1 major epicardial coronary artery, without other coronary stenoses & I )
¢ Low-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

23. < Chronic total occlusion of 1 major epicardial coronary artery, without other coronary stenoses & U4 U
¢ Low-risk ®ndings on noninvasive testing
¢ Receiving a course of maximal anti-ischemic medical therapy

24. < Chronic total occlusion of 1 major epicardial coronary artery, without other coronary stenoses & Uy U e
¢ Intermediate-risk ®ndings on noninvasive testing
¢ Receiving no or minimal anti-ischemic medical therapy

25. < Chronic total occlusion of 1 major epicardial coronary artery, without other coronary stenoses L Us) Ao
¢ Intermediate-risk criteria on noninvasive testing
¢ Receiving a course of maximal anti-ischemic medical therapy

26. < Chronic total occlusion of 1 major epicardial coronary artery, without other coronary stenoses L Us) Ao
¢ High-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

27. < Chronic total occlusion of 1 major epicardial coronary artery, without other coronary stenoses = A A
¢ High-risk criteria on noninvasive testing
¢ Receiving a course of maximal anti-ischemic medical therapy

28. < One-vessel CAD involving the proximal LAD Uy U A
¢ Low-risk ®ndings on noninvasive testing
¢ Receiving no or minimal anti-ischemic medical therapy

29. ¢ One-vessel CAD involving the proximal LAD Uw Ao A g
¢ Low-risk ®ndings on noninvasive testing
¢ Receiving maximal anti-ischemic medical therapy
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Indication

Appropriateness Score (1+9)

CCS Angina Class

Asymptomatic

lorll

1l or IV

30.

< One-vessel CAD involving the proximal LAD
¢ Intermediate-risk ®ndings on noninvasive testing
¢ Receiving no or minimal anti-ischemic medical therapy

U

Ue

A

31.

¢ One-vessel CAD involving the proximal LAD
¢ Intermediate-risk ®ndings on noninvasive testing
< Receiving maximal anti-ischemic medical therapy

Ue

A

A

32.

< One-vessel CAD involving the proximal LAD
¢ High-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

A

A

A

33.

< One-vessel CAD involving the proximal LAD
¢ High-risk ®ndings on noninvasive testing

¢ Receiving maximal anti-ischemic medical therapy

A

A

A9

34.

¢ Two-vessel CAD involving the proximal LAD
¢ Low-risk ®ndings on noninvasive testing
¢ Receiving no or minimal anti-ischemic medical therapy

U

Ue

A

35.

¢ Two-vessel CAD involving the proximal LAD
¢ Low-risk ®ndings on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

Ue

A

A

36.

¢ Two-vessel CAD involving the proximal LAD
¢ Intermediate-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

Ue

A

A

37.

< Two-vessel CAD involving the proximal LAD
¢ Intermediate-risk ®ndings on noninvasive testing

< Receiving a course of maximal anti-ischemic medical therapy

U

A

A9

38.

¢ Two-vessel CAD involving the proximal LAD
¢ High-risk ®ndings on noninvasive testing
¢ Receiving no or minimal anti-ischemic medical therapy

A

A

A

39.

¢ Two-vessel CAD involving the proximal LAD
¢ High-risk ®ndings on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

A

A

A

40.

¢ Three-vessel CAD (no left main)
< Low-risk ®ndings on noninvasive testing including normal LV systolic function
< Receiving no or minimal anti-ischemic medical therapy

41.

¢ Three-vessel CAD (no left main)
¢ Low-risk ®ndings on noninvasive testing including normal LV systolic function
< Receiving a course of maximal anti-ischemic medical therapy

42.

¢ Three-vessel CAD (no left main)
¢ Intermediate-risk ®ndings on noninvasive testing
¢ Receiving no or minimal anti-ischemic medical therapy

43.

¢ Three-vessel CAD (no left main)
¢ Intermediate risk ®ndings on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

44,

¢ Three-vessel CAD (no left main)
¢ High-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

A

A

A

45.

¢ Three-vessel CAD (no left main)
¢ High-risk ®ndings on noninvasive testing
¢ Receiving a course of maximal anti-ischemic medical therapy

A

A

A9

46.

¢ Three-vessel CAD (no left main)
¢ Abnormal LV systolic function

A

A (9)Q

A

47.

¢ Left main stenosis

A

A

A

*Subscripted numbers are a re ection of the continuum as per the appropriateness criteria methodology and should not be interpreted as 2degrees of appropriateness or inappropriateness.® Indicates
that the writing group felt the likelihood of the clinical scenario was so low that rating should not be performed.

Downloaded frontontent.onlinejacc.orfy on June 11, 2009



540 Patelet al. JACC Vol. 53, No. 6, 2009
Appropriateness Criteria for Coronary Revascularization February 10, 2009:530453

Table 3. Patients With Prior Bypass Surgery (Without Acute Coronary Syndromes)

Appropriateness Score (1+9)

CCS Angina Class

Indication Asymptomatic lorll I or IV

48. < One or more stenoses in saphenous vein graft(s) ) Uy U )
< Low-risk ®ndings on noninvasive testing including normal LV systolic function
< Receiving no or minimal anti-ischemic medical therapy

49. < One or more stenoses in saphenous vein graft(s) Uy U ) Ao
< Low-risk ®ndings on noninvasive testing including normal LV systolic function
< Receiving a course of maximal anti-ischemic medical therapy

50. < One or more stenoses in saphenous vein graft(s) U Ue) Ao
¢ Intermediate-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

51. < One or more stenoses in saphenous vein graft(s) Uw A A g
¢ Intermediate-risk ®ndings on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

52. < One or more stenoses in saphenous vein graft(s) U A A
¢ High-risk ®ndings on noninvasive testing

< Receiving no or minimal anti-ischemic medical therapy

53. < One or more stenoses in saphenous vein graft(s) Ao A g A9
¢ High-risk ®ndings on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

54. < One or more lesions in native coronary arteries without bypass grafts 2 I3y U e
¢ All bypass grafts patent and without signi®cant disease
< Low-risk ®ndings on noninvasive testing including normal LV systolic function
< Receiving no or minimal anti-ischemic medical therapy

55. < One or more lesions in native coronary arteries without bypass grafts & U A
¢ All bypass grafts patent and without signi®cant disease
< Low-risk ®ndings on noninvasive testing including normal LV systolic function
< Receiving a course of maximal anti-ischemic medical therapy

56. < One or more lesions in native coronary arteries without bypass grafts &) U A
¢ All bypass grafts patent and without signi®cant disease
¢ Intermediate-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

57. < One or more lesions in native coronary arteries without bypass grafts Wy U e A g
¢ All bypass grafts patent and without signi®cant disease
¢ Intermediate-risk ®ndings on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

58. < One or more lesions in native coronary arteries without bypass grafts k) Ao A
¢ All bypass grafts patent and without signi®cant disease
¢ High-risk ®ndings on noninvasive testing
< Receiving no or minimal anti-ischemic medical therapy

59. < One or more lesions in native coronary arteries without bypass grafts k) A A9
¢ All bypass grafts patent and without signi®cant disease
¢ High-risk ®nding on noninvasive testing
< Receiving a course of maximal anti-ischemic medical therapy

pSubscripted numbers are a re”ection of the continuum as per the appropriateness criteria methodology and should not be interpreted as 2degrees of appropriateness or inappropriateness.? Indicates
that the writing group felt the likelihood of the clinical scenario was so low that rating should not be performed.

Rating Revascularization Methods to distinguish between the speci®c modes of revascutanizat
(i.e., PCl versus CABG). However, the committee recognized

Mode of Revascularization for High Severity of CAD that among patients with extensive or complex atherositero

(Indications 60 to 73) the mode of revascularization is also of interest whenaeevas

Recognizing a large range of variability in revascul@izat larization is deemed appropriate. Therefofaple 4presents
methods often based upon patient factors and local practioomplex scenarios where the features of revascularization
patterns, the majority of clinical indications were noeimled  considered. In these cases, the raters were asked to cdimside
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appropriateness of PCl and CABG as the revascularizatior\dvanced CAD
method independently of each other (such that each modahtythe clinical scenarios below speci®cally apply to patients

would receive separate scores based on each speci®c clim advanced CAD. It was assumed for these clinical

indication). scenarios that all patients have unacceptable levels of symp-
Mortality Risk toms despite appropriate medical therapy and evidence of

Many of the known clinical factors that increase the risk ofintérmediate- to high-risk ®ndings on noninvasive testing.
revascularization are shared between CABG and percutd other words, the technical panel assumed that revascu-
neous methods. For the indications presented below, théarization is appropriate and focused on rating the merit of
guideline-based features of diabetes and depressed |éf€ different modes with the intent of complete coronary
ventricular systolic function were used to stratify patients. revascularization for each indication.

Table 4. Method of Revascularization: Advanced Coronary Disease,* CCS Angina Greater Than or Equal to Class lll, and/or
Evidence of Intermediate- to High-Risk Findings on Noninvasive Testing

Appropriateness Score (1+9)

PCI CABG
Appropriateness Appropriateness
Indication Rating Rating
60. < Two-vessel CAD with proximal LAD stenosis A g)* A &
< No diabetes and normal LVEF
61. < Two-vessel CAD with proximal LAD stenosis Ao A
c Diabetes
62. < Two-vessel CAD with proximal LAD stenosis A7 A g
< Depressed LVEF
63. ¢ Three-vessel CAD U A s
< No diabetes and normal LVEF
64. ¢ Three-vessel CAD U A9
< Diabetes
65. c Three-vessel CAD Uy A
< Depressed LVEF
66. c Isolated left main stenosis I3 A9
< No diabetes and normal LVEF
67. c Isolated left main stenosis ) A
c Diabetes
68. c Isolated left main stenosis ) A9
< Depressed LVEF
69. c Left main stenosis and additional CAD I'@ A9
< No diabetes and normal LVEF
70. ¢ Left main stenosis and additional CAD I A9
< Diabetes
71. c Left main stenosis and additional CAD ' A9
< Depressed LVEF
72. ¢ Prior bypass surgery with native 3-vessel disease and failure of multiple bypass grafts A U e
< LIMA remains patent to a native coronary artery
< Depressed LVEF
73. ¢ Prior bypass surgery with native 3-vessel disease and failure of multiple bypass grafts IC) A g

< LIMA was used as a graft but is no longer functional
< Depressed LVEF

*Subscripted numbers are a re ection of the continuum as per the appropriateness criteria methodology and should not be interpreted as 2degrees of appropriateness or inappropriateness.®

Discussion health care facilities, third-party payers engaged in the

delivery of cardiovascular services, and most importantly,
The ratings developed in this report provide an assessmeptients. Experience with previous appropriateness criteria
of the appropriateness of the use of coronary revascularizaas shown their value across a broad range of situations,

tion for the clinical scenarios presented in each of theyuiding care of individual patients, educating caregivers, and
indications. These criteria should be useful to cliniciansaffecting policy decisions regarding reimbursement.
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Clinical Judgment General Themes in Appropriateness Criteria

These indications are intended to provide guidance fof©" Revascularization

patients and clinicians. This approach is not intended toThe purpose of coronary revascularization should be to
diminish the acknowledged dif®culty or uncertainty ofimprove health outcomes for the patients undergoing the
clinical decision making. Appropriateness criteria are noprocedure. As such, the technical panel was asked to rate
substitutes for sound clinical judgment and practice experieach speci®c clinical indication with emphasis on the bene®t
ence. The writing group recognizes that many patients seetmparted to health outcomes (symptoms, functional status,
in clinical practice may not be represented in these approand/or quality of life) or survival. It should be noted that the
priateness criteria or have extenuating features when cordppropriateness Criteria for Coronary Revascularization
pared with the clinical scenarios presented. However, theseontain no scenarios rated as 2appropriate® that correlate
criteria provide a framework for discussions regarding reV\{Ith QIass I recommepdatlons in gwdellne do'cur.ne.nts..
vascularization between patients and physicians. Likewise, no “inappropriate® appropriateness criteria indi-
Although these ratings provide a general assessment 6ftions correlgte Wl'th. Class | gwdelme recommendations.
when revascularization may or may not be likely to improveAlthough multiple clinical and anatomic factors could have
health outcomes or survival, physicians and other stakeholdeen included in the clinical scenarios, the writing group
ers should continue to acknowledge the pivotal role ofocused on symptom status, degree of medical therapy,
clinical judgment in determining whether revascularization€xtent of ischemia by noninvasive testing, and ®nally, the
is indicated for an individual patient. For example, thePresence and Iocaﬂpn c_)f 5|gn|®c;',mt'cor0nary stenoses.
rating of a revascularization indication as 2uncertain® shoulgeveral themes were identi®ed in reviewing the resultagor t
not preclude a provider from performing a revascularizatiof\PPropriateness Criteria for Coronary Revascularization
procedure when there are patient- a'ndl cqndiFion—speci@gcute Coronary Syndromes
data to support that decision. Uncertain indications reqwre_l_h technical | rated th ority of clinical .
individual physician judgment and understanding of the. t&;\ ec n'?.i [t)ane ra eo _eténflejjorl y oCclml_cZEs_ceneanos
patient to better determine the usefulness of the proc:edurI €s€ patients as appropria rrevascuiariz gu( .
. . - . However, there were 2 notable exceptions that received
for a particular scenario. Indeed revascularization may be th . . S . )
. o ... _Inappropriate ratings. First, in patients with STEMI pre-
correct treatment, if supported by mitigating characteristics._"* :
: . . senting greater than 12 hours from symptom onset without
of the patient. Therefore, these criteria provide a frameworK . : : A N
ongoing symptoms of ischemia or clinical instability, imme-

for discussion regarding revascularization upon which the,. o . .
(Pate revascularization was deemed inappropriate. By exten-

speci®c clinical characteristics of an individual patient mus . _— X : .
be superimposed. Ranking of an indication as uncertain ion, this also implies that the need for immediate angiog-
P P ' 9 aphy on presentation in such patients is unnecessary.

to 6) shoqld _not be wewed_ as echudmg_ Fhe use of Second, after successful treatment of the culprit artery by
revasculgrlzatlon .for.sugh patlentsAIt:ough I 'S cor;sud- . PCI or ®brinolysis, revascularization of nonculprit arteries
ered ulnl|kely, an indication rated as mappropnatg may Ir%efore hospital discharge in patients without clinical insta-
rare circumstances be the best therapy for an individu ility, with no evidence of recurrent or provokable ischemia,

patient. In contrast, a clinical situation rated as 2appropri and with a normal LVEF was rated as inappropriate.

ate® may not always represent reasonable practice in a
speci®c patient with extenuating circumstances. AppropriStable Ischemic Heart Disease ~ Without Prior CABG

ateness also does not equate to medical necessity. Shajg@eneral, the presence of high-risk ®ndings on noninvasive
physician/patient decision making for many scenarioswoul@estmg' higher severity of symptoms, or an increasing
be expected and may result in the patient deferring coronanyurden of CAD tended to elevate the rating to appropriate.
revascularization while maintaining medical therapy. |nappropriate ratings tended to cluster among groups re-
These ratings are intended to evaluate the appropriateceiving no or minimal anti-ischemic treatment with low-
ness of speci®c patient scenarios to determine overgisk ®ndings on noninvasive testiftigures 2to 4 illustrate
patterns of careregarding revascularization. In situations the interplay of these elements in determining appropriate-
where there is substantial variation between the appropriness. Four clinical scenarios (18 to 21) were included in
ateness rating and what the clinician believes is the bes¥hich no functional testing was performed. Although the
recommendation for the patient, further considerations orability to couple the anatomic ®ndings from coronary
actions, such as a second opinion, may be appropriatangiography with the physiologic evaluation available from
Moreover, it is not anticipated that all physicians or facilitiesthe various diagnostic testing modalities is ideal, the writing
will have 100% of their revascularization procedures deemegtoup recognized that there are patients who undergo
appropriate. However related to the overall patterns of careangiography without such testing. Revascularization was
if the national average of appropriate procedure ratings igated appropriate in such patients if they had 1- or 2-vessel
80%, for example, and a physician or facility has only a 40%isease with or without involvement of the proximal LAD
rate of appropriate procedures, further examination of thend class Il or IV angina. The level of medical therapy
patterns of care may be warranted and helpful. patients were receiving in this particular scenario was not
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Cardiogenic shock <——| STEMI |
[A]
l . / Ty Thrombolytic

PR therapy
High Risk features Reperfusion

"
/ \ Evidence of HF, recurrent
ischemia, or unstable ventricular
<12 hrs >12 hrs arrhythmias present

DN

Asymptomatic; no

Asymptomatic; no HF, no recurrent
ischemic symptoms, and no unstable

Severe HF, persistent S b
ischemia, hemodynamic or hemodynamic instability and

electrical instability present no electrical instability

/ ventricular arrhythmias \
[

Normal LVEF with Depressed LVEF with
1 vessel CAD 3 vessel CAD

Successful A tomati HE id f
; s T symptomatic; no HF, no evidence o o
Re})e_rfusmgwc\llwth Indgx L rec):JrrF()ant or provocable ischemiaor Revasculgnzaﬂon of
ytic or Hospitalization no unstable ventricular arrhythmias non-culprit vessel(s)

~

Post - Index —

Symptoms of recurrent myocardial ischemia —» Revascularization of
Hospitalization

and/or high-risk findings on non-invasive stress non-culprit vessel(s)
testing performed after index hospitalization

Figure 1. Acute Coronary Syndromes*

*The fact that the use of coronary revascularization for a particular condition is listed in this ®gure (appropriate, uncertain, inappropriate) does not preclude the use of other
therapeutic modalities that may be equally effective. See the most current ACC/AHA UA/NSTEMI and STEMI guidelines5(16 ). A indicates appropriate; CAD, coronary artery
disease; HF, heart failure; |, inappropriate; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction; U,
uncertain; and UA/NSTEMI, unstable angina/non+ST-elevation myocardial infarction.

speci®cally considered and was thus left to the judgment afivolved patients found to have so-called intermediate
the clinician. However, consistent with the pattern of careseverity stenoses. The ratings in these settings re ect the
developed in these appropriateness criteria, a trial of medicability of additional evaluations performed in the catheter-
therapy before performing revascularization may be apprdzation laboratory (such as FFR or IVUS) to identify
priate in some patients. The remaining three scenariosigni®cant stenoses beyond their appearance by angiography

Low Risk Findings on Noninvasive Study Asymptomatic
Symptoms Stress
Test
Med. Rx Med. Rx
Class Il or IV High Risk
Max Rx U Max Rx U
Class Iorll High Risk
Max Rx U No/min Rx U
Asymptomatic Int. Risk
Max Rx Max Rx U U

Class 11 or IV Int. Risk
No/min Rx No/min Rx

Class lor Il Low Risk U

No/min Rx Max Rx
As i Low Risk
Nofmin Rx Uuj u|u N s uj u | u

Coronary CTOof | 1-2vz 1 ve. 2 vz vz Coronary | CTOof | 1-2vz 1 vz 2 vz 3z
Anatomy 1vz.;no | discase; | discase | discase | discase; Anatomy | ! vzino [ discase; | discase | discasc | discase;
other no Prox. | of Prox. with no Left other no Prox. | of Prox. with no Left
disease LAD LAD Prox. Main disease LAD LAD Prox. Main
LAD LAD

Figure 2. Appropriateness Ratings by Low-Risk Findings on Noninvasive Imaging Study and Asymptomatic
(Patients Without Prior Bypass Surgery)

A indicates appropriate; CTO, chronic total occlusion; I, inappropriate; Int., intervention; Med., medical; Prox. LAD, proximal left anterior descending artery; Rx, treatment; U,
uncertain; and vz., vessel.

Downloaded frontontent.onlinejacc.orfy on June 11, 2009



544 Patelet al. JACC Vol. 53, No. 6, 2009
Appropriateness Criteria for Coronary Revascularization February 10, 2009:530453

Figure 3. Appropriateness Ratings by Intermediate-Risk Findings on Noninvasive Imaging Study and CCS Class | or Il Angina
(Patients Without Prior Bypass Surgery)

CCS indicates Canadian Cardiovascular Society, other abbreviations as ifigure 2

alone. In patients without noninvasive testing, revasculartended to increase the likelihood of an appropriate rating.
ization of intermediate stenoses without further documen-The only inappropriate ratings in patients with prior CABG
tation of signi®cance by FFR or IVUS was rated aswere noted in patients receiving no or minimal anti-
inappropriate. Revascularization of such patients who demischemic therapy or having low-risk ®ndings on noninvasive
onstrate abnormal IVUS or FFR ®ndings and are highlytesting. More uncertain ratings occurred in this group of
symptomatic was deemed appropriate. patients, re ecting their higher complexity, higher risk, and

Stable Ischemic Heart Disease  With Prior CABG the limited availability of published evidence regarding

management outcome.
Similar to the pattern seen in patients without prior CABG, ) ) )
the presence of high-risk ®ndings on noninvasive testing;C! and CABG in Patients With Advanced CAD
higher severity of symptoms, or an increasing burden ofn this group of ratings, it was assumed that revasculariza-
disease in either the bypass grafts or native coronariég®n was necessary, and the technical panel rated the

Figure 4. Appropriateness Ratings by High-Risk Findings on Noninvasive Imaging Study and CCS Class Il or IV Angina
(Patients Without Prior Bypass Surgery)

Abbreviations as in Figures 2and 3.

Downloaded frontontent.onlinejacc.orfy on June 11, 2009



JACC Vol. 53, No. 6, 2009 Patel et al. 545
February 10, 2009:530+53 Appropriateness Criteria for Coronary Revascularization

Figure 5. Method of Revascularization of Advanced Coronary Artery Disease

CABG indicates coronary artery bypass grafting; LAD, left anterior descending artery; LVEF, left ventricular ejection fraction; and PCI, percutaneous coronary intervention.

appropriateness of the mode of revascularizafi@ble 4  Indications with high clinical volume that are rated as
Figure 5. CABG was rated as appropriate in all of the uncertain identify important areas for further research.
clinical scenarios developed, whereas PCI was rated appro-When evaluating physician or facility performance, ap-
priate only in patients with 2-vessel CAD with involvement propriateness criteria should be used in conjunction with
of the proximal LAD and uncertain in patients with 3-vessel efforts that lead to quality improvement. Prospective pre-
disease. For patients with left main stenosis and/or left maimuthorization procedures, if put in place, are most effective
stenosis and multivessel CAD, CABG was deemed to bepnce a retrospective review has identi®ed a pattern of
appropriate and likely to improve the patients' healthpotential inappropriate use. Because these criteria are based
outcomes or survival. PClI for this patient group was deeme@n current scienti®c evidence and the deliberations of the
not to be a reasonable appl’oach and Unlikely to improve th%chnica] paneL they should be used prospective|y to gen-
patients' health outcomes or survival. erate future discussions about reimbursement, but should
Application of Criteria not be applied retrospectively to cases completed before

. L . issuance of this report or documentation of centers/
There are many potential applications for appropriateness . . . .
roviders performing an unexpectedly high proportion of

criteria. Clinicians could use the ratings for decision suppor . : .
Inappropriate cases as compared with their peers.

or as an educational tool when considering the need for o ! N
L o The writing group recognizes that these criteria will be
revascularization. Moreover, these criteria could be used to

facilitate discussion with patients and or referring physiciangvilug)telg durmrg]; routine ctllmcalt ctare. To that end, st?e0|®c f
about the need for revascularization. Facilities and paye ala Welds such as symptom status, presence or absence o

may choose to use these criteria either prospectively in gfieute coronary syndrome, history of bypass surgery, extent

design of protocols or pre-authorization procedures, o' 'Schemia on noninvasive imaging, CAD burden, and
retrospectively for quality reports. It is hoped that payerd!€9rée of antianginal therapy are anticipated to provide
would use these criteria as the basis for the development SH®cient detail to determine individual appropriateness
rational payment management strategies to ensure that thefAtings- Since a reasonable and tolerated dose of antianginal
members receive necessary, bene®cial, and cost-effeciii@faPy may vary signi®cantly among different patients, the
cardiovascular care, rather than for other purposes. writing group recommends the presence of 2 classes of
It is expected that services performed for appropriat@ntianginal therapies as a minimum standard for medical
indications will receive reimbursement. In contrast, service§1€rapy.
performed for inappropriate indications will likely require ~ The primary objective of this report is to provide guid-
additional documentation to justify payment because of thénce regarding the suitability of coronary revascularization
unique circumstances or the clinical pro®le that must exider diverse clinical scenarios. As with previous appropriate-
in such a patient. It is critical to emphasize that the writing N€ss criteria documents, consensus among the raters was
group, technical panel, Appropriateness Task Force, angéesirable, but an attempt to achieve complete agreement
clinical community do not believe an uncertain rating iswithin this diverse panel would have been arti®cial and was
grounds to deny reimbursement for revascularizationnot the goal of the process. Two rounds of ratings with
Rather, uncertain ratings are those in which the availablgubstantial discussion among the technical panel members
data vary and many other factors exist that may affect thbetween the ratings did lead to some consensus among
decision to perform or not perform revascularization. Thepanelists. However, further attempts to drive consensus
opinions of the technical panel often varied for thesewould have diluted true differences in opinion among
indications, re ecting that additional research is neededpanelists and, therefore, was not undertaken.
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Future research analyzing patient outcomes for indicamation on ischemic burden and are not assumed to be
tions rated as appropriate would help ensure the equitablpresent in the clinical scenarios.
and ef®cient allocation of resources for coronary revasc
larization. Review of appropriateness patterns may als
improve understanding of regional variations in the use
of revascularization as highlighted in the Dartmouth The writing group recognizes that not all patients referred
Atlas Project 17). Further exploration of the indications for coronary angiography and revascularization will have
rated as 2uncertain® will help generate the informationPrevious noninvasive testing. In fact, there are several
required to further de®ne the appropriateness of coronar§ituations in which patients may be appropriately referred
revascularization. Additionally, the criteria will neeal t for coronary angiography based on symptom presentation
be updated with the publication of ongoing trials in and a high pre-test probability of CAD. In these settings,
coronary revascularization and new clinical practiceetjines. ~ there may be situations where angiography shows a coronary

In conclusion, this document represents the currentharrowing of questionable hemodynamic importance in a
understanding of the clinical bene®t of coronary revasPatient with symptoms that could be related to myocardial
cularization with respect to health outcomes and survivalisSchemia. In such patients, the use of additional invasive
It is intended to provide a practical guide to clinicians measurements (such as fractional ow reserve or intravas-
and patients when considering revascularization. As witfgular ultrasound) at the time of diagnostic angiography may
other appropriateness criteria, some of these ratings wilte very helpful in further de®ning the need for revascular-
require research and further evaluation to provide thdzation and substituted for stress test ®ndinfable A2).
greatest information and bene®t to clinical decision R -
making. Finally, it will be necessary to periodically asses'aple A2. Noninvasive Risk Strati®cation
and update the indications and criteria as technologigh-Risk (greater than 3% annual mortality rate)
evolves and new data and ®eld experience becomes available.Severe resting left ventricular dysfunction (LVEF less than 35%)

2. High-risk treadmill score (score less than or equal t@ 11)

Mvasive Methods of Determining
emodynamic Signi®cance

. Severe exercise left ventricular dysfunction (exercise LVEF less than 35%)

3
4. Stress-induced large perfusion defect (particularly if anterior)
5. Stress-induced multiple perfusion defects of moderate size
6

. Large, ®xed perfusion defect with LV dilation or increased lung uptake
(thallium-201)

Angina is a syndrome typically noted to include discomfort 7. Stress-induced moderate perfusion defect with LV dilation or increased
in the chest, jaw, shoulder, back, or arm that is aggravated o uptake (thalllum-201) -
by exertion or emotional stress and relieved by nitroglycerin. 8. Echocardiographic wall motion abnormality (involving greater than two

. . . segments) developing at low dose of dobutamine (less than or equal to
Th_e _qua“ty of the dlscomfort, pl’OVOkII’?g factors_, and 10 mg/kg/min) or at a low heart rate (less than 120 beats/min)
rellevmg_ factors are_ used '[_0 de®n_e tYpIC&L atyplcal, andg. Stress echocardiographic evidence of extensive ischemia
noncardiac chest pain. Atyplcal angina Is genera”y de®neﬂermediate—Risk (1% to 3% annual mortality rate)
by 2 of the above 3 characteristics, and noncardiac chest. miidimoderate resting left ventricular dysfunction (LVEF equal to 35% to
pain is generally de®ned as chest pain that meets 1 or none 49%)
of the above criteria. These de®nitions are represented in2. Intermediate-risk treadmill score @ 11 less than score less than 5)

Angina/Chest Pain Classi®cation

Table Al presented below. 3. Stress-induced moderate perfusion defect without LV dilation or increased
lung intake (thallium-201)

Table Al. Clinical Classi®cation of Chest Pain 4. Limited stress echocardiographic ischemia with a wall motion abnormality
only at higher doses of dobutamine involving less than or equal to two

Typicalangina (de®nite) segments

1) Substernal chest discomfort with a characteristic quality and duration that Low-Risk (less than 1% annual mortality rate)
is 2) provoked by exertion or emotional stress and 3) relievé by rest or NTG. 1. Low-risk treadmill score (score greater than or equal to 5)
Atypical angina (probable) 2. Normal or small myocardial perfusion defect at rest or with stress*

Meets 2 of the above characteristics. 3. Normal stress echocardiographic wall motion or no change of limited
Noncardiacchest pain resting wall motion abnormalities during stress*

Meets one or none of the typical anginal characteristics.

*Although the published data are limited, patients with these ®ndings will probably not be at low
risk in the presence of either a high-risk treadmill score or severe resting left ventricular

Modi®ed from Diamond GA. A clinically relevant classi®cation of chest discomfort. 3 Am Coll .
dysfunction (LVEF, 35%).

Cardiol. 1983;1:574+5 (18).

The writing group assumes that noninvasive assessmerits
of coronary anatomy (i.e., cardiac computed tomography,
cardiac magnetic resonance angiography) provide anatontsze the earlier Methods section of the report for a descrip-
information that is potentially similar to X-ray angiography. tion of panel selection, indication development, scope of
However, these modalities do not currently provide infor-indications, and rating process.
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