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ABSTRACT

Percutaneous coronary intervention (PCl) is common and generally low risk. Although shown to be of significant
benefit in certain clinical situations, especially in the context of acute coronary syndromes, there exist clinical
scenarios where PCl has not been shown to be helpful. In these cases, the risk of periprocedural complications
as well as longer term issues such as bleeding or stent thrombosis mean that PCI may potentially be harmful.
To inform best clinical practice, we now have published recommendations with regards to the Appropriate Use
Criteria (AUC) for coronary revascularisation. The goal of the AUC is to guide physician decision-making and future
research as well as to label coronary revascularisation more clearly for patients and payors in regards to its expected
benefits in certain situations. In this review, we summarise and discuss the more clinically relevant of these AUC,
either because they are contentious or of particular relevance to the local context or practice. We conclude that
there continue to be situations whereby inappropriate PCls are performed, and these represent opportunities for
quality improvement.
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INTRODUCTION

Percutaneous coronary intervention (PCl) is the
most common invasive cardiology treatment
performed worldwide. In the United States, there
were close to half a million individual patients
undergoing PClin 2010, and there is little evidence
to suggest that this number is declining’. The
number of procedures reflects the prevalence of
coronary artery disease (CAD), especially with an
ageing population, and also the relatively low risks
associated with the procedure.

Nevertheless, patients who undergo PCl are
still exposed to the risks of peri-procedural
complications and longer-term issues such as
stent thrombosis and bleeding?. This, coupled
with the costs of PCl to both the individual as
well as the healthcare system, prompted six
professional organisations from the United States
to jointly develop appropriate use criteria (AUC)
for coronary revascularisation to support the

rational and judicious use of PCI**. The goal of
the appropriateness criteria is to guide physician
decision-making and future research as well as
to label coronary revascularisation more clearly
for patients and payors in regards to its expected
benefits in certain situations.

The guidelines propose that there are five important
variables to consider before deciding if PCl is
appropriate. Based on these variables, an expert
panel examined different clinical scenarios, and
then gave a rating that suggested PCl is appropriate
(score 7 to0 9), uncertain (4 to 6) or inappropriate (1 to
3). These five variables are the following:

1.Clinical presentation — acute coronary syndrome
or stable angina?

2. Severity of angina — asymptomatic, Canadian
Cardiovascular Society Class | to IV for angina?
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Fig. 1. Appropriate use criteria for revascularisation in acute coronary syndromes.

3. Extent of ischaemia on noninvasive testing
and the presence of other prognostic factors
— heart failure, diabetes or depressed left
ventricular function?

4. Extent of medical therapy — whether or not
a patient is on maximal medical treatment,
defined as being on at least two classes of anti-
anginal agents.

5. Extent of anatomic disease — single, double or
triple vessel coronary artery disease, presence
of proximal left anterior descending artery or
left main coronary disease?

In total, 171 different clinical scenarios and their
appropriateness scores were updated in the
most recent iteration of the AUC for coronary
revascularisation®. In this review, we plan to summ-
arise and discuss the more clinically relevant of
these AUC, either because they are contentious or of
particular relevance to the local context or practice.

ACUTE CORONARY SYNDROMES

Consistent  with the published guideline
recommendations from the major professional
societies, PCl for the culprit lesion in acute
coronary syndromes (ACS) is generally deemed
appropriate, especially when the overall clinical
risk is considered to be high®*®. In the AUC for

coronary revascularisation, the two exceptions
to this general rule are as follows. First, among
patients presenting with ST-segment elevation
myocardial infarction (STEMI) greater than 12 hours
from symptom onset and who are asymptomatic
with no evidence of haemodynamic or electrical
instability, immediate revascularisation is deemed
inappropriate. Second, after successful treatment
of the culprit artery in STEMI, in stable patients with
no evidence of recurrent or provokable ischaemia,
and with a normal LVEF, revascularisation of
remaining non-culprit arteries before hospital
discharge is deemed inappropriate. This, however,
may potentially be revised in light of recent studies
reporting improved outcomes for patients who
also have non-culprit vessel PCl performed at the
time of primary PCI°.

Fornon-ST-segment elevation myocardialinfarction
(NSTEMI) or unstable angina patients with low
clinical risk scores, revascularisation was graded
as uncertain, suggesting that despite the limited
data on clinical benefit, it may be reasonable to
consider revascularisation.

The AUC for coronary revascularisation in ACS
patients is broadly consistent with local practice
even before their introduction, and has therefore
not significantly affected current clinical
management (Fig. 1).
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Appropriate Use of PCI

Table 1. Appropriate use criteria for percutaneous coronary intervention in multivessel coronary artery disease.

Clinical scenario

Level of Appropriateness

Three vessel CAD with low CAD burden (e.g. low SYNTAX score)

Three vessel CAD with intermediate to high CAD burden (e.g.
diffuse lesions, chronic total occlusions, high SYNTAX score)

Two vessel CAD with involvement of proximal left anterior
descending artery

Isolated left main stenosis

Left main stenosis with low CAD burden (one or two vessel CAD
with low SYNTAX score)

Left main stenosis with intermediate to high CAD burden (three
vessel CAD, or chronic total occlusions, or high SYNTAX score)

Appropriate

Uncertain

Appropriate
Uncertain

Uncertain

Inappropriate

CAD=coronary artery disease; SYNTAX=Synergy between PCl with TAXUS and Cardiac Surgery

STABLE CORONARY ARTERY DISEASE

As an initial management strategy in patients with
stable CAD, the COURAGE trial demonstrated that
PCI did not reduce the risk of death, myocardial
infarction, or other major cardiovascularevents when
added to optimal medical therapy'. Nevertheless,
there was more symptomatic relief in the PCl group,
and further analyses suggested that there might be
subgroups of patients who would have improved
outcomes after PCI''. Because of data such as this,
the rationale for PCl in patients with stable CAD has
always been somewhat contentious'>'.

The AUC for coronary revascularisation guidelines
divide stable CAD patients into those that have not
previously had coronary artery bypass graft (CABG)
surgery, and those who have, and then make
recommendations as per the previously defined
clinical variables (severity of symptoms, degree
of ischaemia demonstrated, intensity of medical
treatment, and extent of anatomic disease).

Among patients without CABG, the presence
of higher severity of symptoms, the greater the
degree of ischaemia on noninvasive testing, or an
increasing burden of CAD generally tended to make
revascularisation more appropriate. Inappropriate
ratings tended to be among the clinical scenarios
where patients are receiving no or minimal anti-
anginal treatment with low-risk findings on non-
invasive testing.

The use of non-invasive functional testing to define
the degree of ischaemia in patients with stable
CAD is highly recommended in the guidelines, and
revascularisation is broadly deemed appropriate
if physiological findings are congruent with
the findings on angiography. However, for

very symptomatic patients, revascularisation is
considered appropriate in these guidelines if there
is significant CAD on the angiogram and even if no
previous functional testing has been performed.
For patients with no previous functional testing
and who have‘borderline’ or intermediate coronary
lesions on angiography, the use of either fractional
flow reserve (FFR) or intravascular ultrasound
(IVUS) to identify significant stenoses beyond their
appearance by angiography is recommended;
revascularisation in patients where FFR or IVUS
suggest an insignificant lesion is considered
inappropriate™. It should be noted however that,
as of now, there are no guideline recommendations
with regards to IVUS parameters to guide
revascularisation. Among patients with prior CABG,
the AUC for revascularisation are broadly similar for
patients without prior CABG, in so far that patients
with more symptoms, greater degree of ischaemia
on functional testing, and increasing burden of
disease in either the native coronary or bypass
graft vessels should be considered for re-
vascularisation. Nevertheless, there are more
uncertain ratings in this group of patients,
reflecting the limited data currently available and
the greater ambiguity in managing this complex
and higher risk population.

MODE OF REVASCULARISATION IN

MULTIVESSEL CAD — CABG VS PCI

The AUC for coronary revascularisation also outline
the recommendations of the expert panel with
regards to optimal mode of revascularisation
among patients who have multivessel CAD, are
symptomatic despite medical therapy, and have
evidence of at least intermediate risk findings
on non-invasive testing. The writing group and
technical panel felt some quantification of CAD
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burden, either by description or SYNTAX score,
could be helpful to clinicians’.

Broadly speaking, CABG is recommended in all the
clinical scenarios discussed in the guidelines, apart
from an uncertain rating for patients with a prior
CABG and multiple failed grafts and poor heart
function.Conversely, PClisrated asappropriate only
in patients with two-vessel CAD with involvement
of the proximal left anterior descending (LAD)
artery and in patients with three-vessel disease
with a low CAD burden (Table 1). Scenarios rated
as uncertain include PCl for three-vessel disease
with intermediate to high CAD burden or PCI for
isolated left main stenosis, or, is PCl for left main
stenosis and additional CAD with low CAD burden.
For patients with left main stenosis and additional
CAD with intermediate to high CAD burden, PCl is
considered inappropriate.

HOW APPLICABLE ARE THE AUC FOR
CORONARY REVASCULARISATION
RECOMMENDATIONS?

For the interventional cardiology community,
having these AUC to guide practice is useful in so far
that it helps to provide the rationale for discussing
best practice with patients, and also helps to justify
clinical decision making. Nevertheless, it is sobering
to note that this does not necessarily translate
into contemporary clinical practice. Data from
the United States National Cardiovascular Data
Registry showed that between mid-2009 (when the
first AUC for coronary revascularisation document
was published) and mid-2010, more than one in
ten PCl procedures performed for stable CAD was
deemed inappropriate'. Reassuringly, nearly all
PCl performed for ACS was deemed appropriate.
Nevertheless, this highlights the gap between
recommendations and ‘real-world’ practice.

Among the PCls deemed inappropriate in that paper,
the majority was performed for patients with no
angina, low-risk ischaemia on functional testing, and
suboptimal medical therapy. Although this appears
self-evident to be inappropriate, this practice may
well be also prevalent in our local population. The
increasingubiquityanduseofcomputedtomography
(CT) coronary angiography as a ‘screening’ tool
among healthy asymptomatic individuals has
created a group of ‘patients’ who have known CAD,
yet have no symptoms and frequently little or mild
ischaemia only on functional testing. Similarly, the
use of treadmill stress electrocardiograph (ECG)

testing as a screening modality has also identified
a set of asymptomatic individuals with CAD with
low to intermediate ischaemic burden. The AUC for
coronary revascularisation deem performing PCl
for these types of patients to be inappropriate, yet
it is frequently difficult to convince these patients
otherwise once the Pandora’s box has been opened.
Patients and even some healthcare providers
frequently believe instinctively that ‘prophylactic’
PClin stable CAD may prevent myocardial infarctions
or prolong life, yet this has never been proven
convincingly in an asymptomatic or minimally
symptomatic population.

The perception that ‘prophylactic’ PCI may be
beneficial, the generally low risk of performing
PCl in an otherwise healthy individual, and the
relatively high potential earnings for the operator,
mean that it is not surprising that procedures for
these inappropriate indications will continue to
proliferate. However, in part because of guidelines
such as the AUC for coronary revascularisation, there
is increasingly a drive to audit indications for PCls
and identify practitioners who are not engaged in
best practice. In the United States, there have been
investigations into ‘inappropriate PCls’ performed
for financial gain by individual PCl operators that
have resulted in ongoing lawsuits.

On the flipside however, are PCls that would also
be deemed inappropriate by the AUC for coronary
revascularisation, yet are part of current clinical
practice for practical reasons. For instance, in our
local population, the cost of functional testing is not
inconsiderable and many prefer to proceed directly
to coronary angiography and revascularisation.
Similarly, the use of FFR or IVUS to routinely evaluate
all intermediate coronary lesions will significantly
increase the cost to the patient, as well as to the
healthcare system on the whole. As such, the current
local practice of ad-hoc use of FFR to evaluate the
need for revascularisation, and the subsequent
utilisation of IVUS to optimise the stenting procedure
may be more cost-effective although there is no
local data to confirm this yet.

Furthermore, the role of personal and cultural
preferences cannot be accounted for in these AUC.
Many Asian patients are very resistant to CABG
and will only consider PCl as the sole mode of
revascularisation, despite advice to the contrary. In
these cases, our local practice is to discuss each case
thoroughly in a heart team forum before agreeing to
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proceed with what would or could be deemed as an
inappropriate procedure.

Although the AUC for coronary revascularisation
document covers nearly two hundred different
clinical scenarios, it is of course not possible to
have a recommendation for every single possible
situation in daily clinical practice. One such
situation that is relevant to the local community is
the role of PCl in optimising patients prior to non-
cardiac surgery. Intuitively, it appears logical that
performing PCl for a patient with known CAD prior
to them undergoing the rigors of surgery would
reduce the risk of a cardiovascular event in the
perioperative period. While the AUC for coronary
revascularisation document does not cover thisissue
specifically, the latest guidelines on perioperative
cardiovascular evaluation and management of
patients undergoing non-cardiac surgery continues
to state clearly that performing PCl in these patients
is only indicated if the PCl were to be recommended
even if the patients were not about to have non-
cardiac surgery'®’. Nevertheless, there continue
to be reports of surgery being delayed in order to
perform PCl for the sole purpose of reducing peri-
operative risk.

LIMITATIONS

Our comments and opinions on the local
practice patterns with regards to PCl are strictly
observational and anecdotal, and not supported
by published data as none are available currently.

SUMMARY

Percutaneous coronary intervention is a low risk
and common procedure. There now exist criteria to
guide its use in relevant clinical populations so as
to inform physician practice and patient education.
However, there continue to be situations whereby
inappropriate PCls are performed, and these
represent opportunities for quality improvement.

REFERENCES

1. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD,
Blaha MJ, et al. Heart disease and stroke statistics—2014
update: a report from the American Heart Association.
Circulation  2014;129(3):e28-292 doi: 10.1161/01.
€ir.0000441139.02102.80.

2. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl
JA, Cercek B, et al. 2011 ACCF/AHA/SCAI Guideline for
Percutaneous Coronary Intervention: a report of the
American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines
and the Society for Cardiovascular Angiography and
Interventions. Circulation 2011;124(23):e574-651 doi:
10.1161/CIR.0b013e31823ba622.

Appropriate Use of PCI

Patel MR, Dehmer GJ, Hirshfeld JW, Smith PK, Spertus
JA, American College of Cardiology Foundation
Appropriateness Criteria Task Force, et al. ACCF/SCAI/
STS/AATS/AHA/ASNC 2009 Appropriateness Criteria for
Coronary Revascularization: a report by the American
College of Cardiology Foundation Appropriateness
Criteria Task Force, Society for Cardiovascular
Angiography and Interventions, Society of Thoracic
Surgeons, American Association for Thoracic Surgery,
American Heart Association, and the American Society
of Nuclear Cardiology Endorsed by the American
Society of Echocardiography, the Heart Failure Society
of America, and the Society of Cardiovascular Computed
Tomography. J Am Coll Cardiol 2009;53(6):530-53 doi:
10.1161/CIRCULATIONAHA.108.191768.

Coronary Revascularization Writing Group, Patel MR,
Dehmer GJ, Hirshfeld JW, Smith PK, Spertus JA, et al. ACCF/
SCAI/STS/AATS/AHA/ASNC/HFSA/SCCT 2012 appropriate
use criteria for coronary revascularization focused
update: a report of the American College of Cardiology
Foundation Appropriate Use Criteria Task Force, Society
for Cardiovascular Angiography and Interventions, Society
of Thoracic Surgeons, American Association for Thoracic
Surgery, American Heart Association, American Society
of Nuclear Cardiology, and the Society of Cardiovascular
Computed Tomography. J Thorac Cardiovasc Surg
2012;143(4):780-803 doi: 10.1016/j.jtcvs.2012.01.061.
O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung
MK, de Lemos JA, et al. 2013 ACCF/AHA guideline for
the management of ST-elevation myocardial infarction:
executive summary: a report of the American College of
Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines: developed in collaboration
with the American College of Emergency Physicians
and Society for Cardiovascular Angiography and
Interventions. Catheter Cardiovasc Interv Off J Soc Card
Angiogr Interv 2013;82(1):E1-27 doi: 10.1002/ccd.24776.
Anderson JL, Adams CD, Antman EM, Bridges CR, Califf
RM, Casey DE Jr, et al. 2012 ACCF/AHA focused update
incorporated into the ACCF/AHA 2007 guidelines for the
management of patients with unstable angina/non-ST-
elevation myocardial infarction: a report of the American
College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. Circulation
2013;127(23):e663-828 doi: 10.1016/j.jacc.2013.01.014.
Task Force on the management of ST-segment elevation
acute myocardial infarction of the European Society
of Cardiology (ESC), Steg PG, James SK, Atar D, Badano
LP, Blomstrom-Lundqvist C, et al. ESC Guidelines for the
management of acute myocardial infarction in patients
presenting with ST-segment elevation. Eur Heart J
2012;33(20):2569-619 doi: 10.1093/eurheartj/ehs215.
Hamm CW, Bassand J-P, Agewall S, Bax J, Boersma E,
Bueno H, et al. ESC Guidelines 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(23):2999-3054 doi: 10.1093/eurheartj/
ehr236.

Wald DS, Morris JK, Wald NJ, Chase AJ, Edwards RJ, Hughes
LO, et al. Randomized trial of preventive angioplasty in
myocardial infarction. N Engl J Med 2013;369(12):1115-
23 doi: 10.1056/NEJMoa1305520.

Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron
DJ, Kostuk WJ, et al. Optimal medical therapy with or
without PCl for stable coronary disease. N Engl J Med
2007;356(15):1503-16 doi: 10.1056/NEJM0a070829.

Proceedings of Singapore Healthcare = Volume 24 = Number 1 = 2015

33


http://dx.doi.org/10.1161/01.cir.0000441139.02102.80
http://dx.doi.org/10.1161/01.cir.0000441139.02102.80
http://dx.doi.org/10.1161/CIR.0b013e31823ba622
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.191768
http://dx.doi.org/10.1016/j.jtcvs.2012.01.061
http://dx.doi.org/10.1002/ccd.24776
http://dx.doi.org/10.1016/j.jacc.2013.01.014
http://dx.doi.org/10.1093/eurheartj/ehs215
http://dx.doi.org/10.1093/eurheartj/ehr236
http://dx.doi.org/10.1093/eurheartj/ehr236
http://dx.doi.org/10.1056/NEJMoa1305520
http://dx.doi.org/10.1056/NEJMoa070829

Review

11.

12.

13.

14.

Shaw LJ, Berman DS, Maron DJ, Mancini GBJ, Hayes
SW, Hartigan PM, et al. Optimal medical therapy with
or without percutaneous coronary intervention to
reduce ischemic burden: results from the Clinical
Outcomes Utilizing Revascularization and Aggressive
Drug Evaluation (COURAGE) trial nuclear substudy.
Circulation ~ 2008;117(10):1283-91  doi:  10.1161/
CIRCULATIONAHA.107.743963.

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: A Report of the American College of
Cardiology/American Heart Association Task Force on
Practice Guidelines, and the American Association for
Thoracic Surgery, Preventive Cardiovascular Nurses
Association, Society for Cardiovascular Angiography
and Interventions, and Society of Thoracic Surgeons.
J Am Coll Cardiol 2014;64(18):1929-49 doi: 10.1016/j.
jacc.2014.07.017.

Task Force Members, Montalescot G, Sechtem U,
Achenbach S, Andreotti F, Arden C, et al. 2013 ESC
guidelines on the management of stable coronary
artery disease: the Task Force on the management of
stable coronary artery disease of the European Society
of Cardiology. Eur Heart J 2013;34(38):2949-3003 doi:
10.1093/eurheartj/eht296.

Tonino PAL, De Bruyne B, Pijls NHJ, Siebert U, Ikeno F, van
‘tVeer M, et al. Fractional flow reserve versus angiography

for guiding percutaneous coronary intervention. N Engl J
Med. 2009;360(3):213-24 doi: 10.1056/NEJM0a0807611.
De Bruyne B, Pijls NHJ, Kalesan B, Barbato E, Tonino PAL,
Piroth Z, et al. Fractional flow reserve-guided PCl versus
medical therapy in stable coronary disease. N Engl J Med.
2012;367(11):991-1001 doi: 10.1056/NEJMoa1205361.
Sianos G, Morel M-A, Kappetein AP, Morice M-C, Colombo
A, Dawkins K, et al. The SYNTAX Score: an angiographic
tool grading the complexity of coronary artery disease.
Eurolntervention 2005;1(2):219-27.

Chan PS, Patel MR, Klein LW, Krone RJ, Dehmer GJ,
Kennedy K, et al. Appropriateness of percutaneous
coronary intervention. JAMA 2011;306(1):53-61 doi:
10.1001/jama.2011.916.

Kristensen SD, Knuuti J, Saraste A, Anker S, Botker
HE, Hert SD, et al. 2014 ESC/ESA Guidelines on non-
cardiac  surgery: cardiovascular assessment and
management: The Joint Task Force on non-cardiac
surgery: cardiovascular assessment and management
of the European Society of Cardiology (ESC) and the
European Society of Anaesthesiology (ESA). Eur Heart J
2014;35(35):2383-431 doi: 10.1093/eurheartj/ehu282.
Fleisher LA, Fleischmann KE, Auerbach AD, Barnason
SA, Beckman JA, Bozkurt B, et al. 2014 ACC/AHA
Guideline on Perioperative Cardiovascular Evaluation
and Management of Patients Undergoing Noncardiac
Surgery: executive summary: a report of the American
College of Cardiology/American Heart Association
Task Force on Practice Guidelines. Circulation 2014;doi:
10.1161/CIR.0000000000000105.

34

Proceedings of Singapore Healthcare = Volume 24 = Number 1 = 2015


http://dx.doi.org/10.1161/CIRCULATIONAHA.107.743963
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.743963
http://dx.doi.org/10.1016/j.jacc.2014.07.017
http://dx.doi.org/10.1016/j.jacc.2014.07.017
http://dx.doi.org/10.1093/eurheartj/eht296
http://dx.doi.org/10.1056/NEJMoa0807611
http://dx.doi.org/10.1056/NEJMoa1205361
http://dx.doi.org/10.1001/jama.2011.916
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kristensen SD%5BAuthor%5D&cauthor=true&cauthor_uid=25086026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Knuuti J%5BAuthor%5D&cauthor=true&cauthor_uid=25086026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saraste A%5BAuthor%5D&cauthor=true&cauthor_uid=25086026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anker S%5BAuthor%5D&cauthor=true&cauthor_uid=25086026
http://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B8tker HE%5BAuthor%5D&cauthor=true&cauthor_uid=25086026
http://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B8tker HE%5BAuthor%5D&cauthor=true&cauthor_uid=25086026
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hert SD%5BAuthor%5D&cauthor=true&cauthor_uid=25086026
http://dx.doi.org/10.1093/eurheartj/ehu282
http://dx.doi.org/10.1161/CIR.0000000000000105

