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Abstract
The aim of this review was to summarize the concept of 
appropriate use criteria (AUC) regarding percutaneous 
coronary intervention (PCI) and document AUC use and 
impact on clinical practice in Japan, in comparison with 
its application in the United States. AUC were originally 
developed to subjectively evaluate the indications and 
performance of various diagnostic and therapeutic 
modalities, including revascularization techniques. Over 
the years, application of AUC has significantly impacted 
patient selection for PCI in the United States, particularly 
in non-acute settings. After the broad implementation 
of AUC in 2009, the rate of inappropriate PCI decreased 
by half by 2014. The effect was further accentuated by 
incorporation of financial incentives (e.g. , restriction of 
reimbursement for inappropriate procedures). On the 
other hand, when the United States-derived AUC were 
applied to Japanese patients undergoing elective PCI 
from 2008 to 2013, about one-third were classified as 
inappropriate, largely due to the perception gap between 
American and Japanese experts. For example, PCI 
for low-risk non-left atrial ascending artery lesion was 
more likely to be classified as appropriate by Japanese 
standards, and anatomical imaging with coronary com
puted tomography angiography was used relatively 
frequently in Japan, but no scenario within the current 
AUC includes this modality. To extrapolate the current 
AUC to Japan or any other region outside of the United 
States, these local discrepancies must be taken into 
consideration, and scenarios should be revised to reflect 
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contemporary practice. Understanding the concept of 
AUC as well as its perception gap between different 
counties will result in the broader implementation of AUC, 
and lead to the quality improvement of patients’ care in 
the field of coronary intervention.
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Core tip: The concept of appropriate use criteria (AUC) 
regarding percutaneous coronary intervention (PCI) 
has significantly impacted patient selection for PCI in 
the United States, particularly in non-acute settings. In 
Japan, when the United States-derived AUC were applied 
to Japanese patients, about one-third of elective cases 
were classified as inappropriate. This is largely due to 
the perception gap between American and Japanese 
experts. To extrapolate the current AUC to Japan or 
any other regions outside of the United States, these 
local discrepancies must be taken into consideration, 
and scenarios should be revised to reflect contemporary 
practice.

Inohara T, Kohsaka S, Ueda I, Yagi T, Numasawa Y, Suzuki 
M, Maekawa Y, Fukuda K. Application of appropriate use 
criteria for percutaneous coronary intervention in Japan. World J 
Cardiol 2016; 8(8): 456-463  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v8/i8/456.htm  DOI: http://dx.doi.
org/10.4330/wjc.v8.i8.456

INTRODUCTION
To improve the quality of care, such as indications for 
and performance of various procedures, appropriate 
use criteria (AUC) have been developed. The concept 
of AUC has been widely accepted to aid in quantifying 
and improving the quality of care, and AUC have be­
come available in various diagnostic and therapeutic 
modalities[1-3]. In the field of coronary intervention, the 
potential overutilization of percutaneous coronary 
intervention (PCI) has come under harsh criticism, 
particularly after the initial report of the Clinical Out­
comes Utilizing Revascularization and Aggressive Drug 
Evaluation (COURAGE) trial[4]. In this setting, AUC for 
coronary revascularization were developed in 2009 and 
revised in 2012 in the United States[5,6]. 

In this review, we aimed to provide an overview 
of the concept of AUC for coronary revascularization 
and its impact on the selection of patients undergoing 
PCI in the United States. Furthermore, we sought to 
clarify the appropriate ratings of PCI indications in 
Japan based on the current United States-derived AUC. 
Finally, we discuss issues that remain to be resolved 

when extrapolating the current AUC to Japanese clinical 
practice and propose the future direction of this concept 
in Japanese cardiovascular society. This minireview will 
aid in the broader implementation of the concept of AUC 
in various countries outside of the United States, and will 
lead to improve the quality of care, especially patients’ 
selection, in PCI.

ROLE OF CORONARY INTERVENTION IN 
STABLE ISCHEMIC HEART DISEASE
PCI providing emergent or urgent recanalization of 
acute thrombi has played a crucial role in treating pa­
tients with acute coronary syndrome (ACS). The so-
called “open artery hypothesis” proposes that early 
reperfusion through infarcted coronary arteries leads to 
better clinical outcomes than nonreperfusion. Reopening 
an occluded coronary artery would minimize myocardial 
injury, preserves cardiac function, and may ultimately 
improve overall survival.

From the same scientific rationale for improving 
patient longevity, preventing future acute coronary syn­
drome, and relieving anginal symptoms, PCI was also 
widely implemented in stable ischemic heart disease 
(SIHD) patients for a fairly short time period. However, 
in the past decade, increasing scientific evidence has 
highlighted the unclear benefit of PCI on SIHD, and 
expectations for PCI have been tempered[7]. This issue 
was further underscored by the publication of the 
COURAGE trial[8], a multicenter study that recruited most 
of its patients from the Veterans Administration Hospital 
Network and failed to demonstrate clear benefits of 
PCI for hard endpoints (mortality and/or myocardial 
infarction) in comparison with optimized medical therapy 
alone in patients with SIHD. Concern towards overuse 
of PCI has emerged, and the above neutral results for 
PCI in the non-acute setting provoked a debate in the 
reconsideration of the indications for elective PCI.

Under these circumstances, 6 professional societies 
in the United States [American College of Cardiology 
Foundation (ACCF)/Society for Cardiovascular Angiography 
and Interventions (SCAI)/Society of Thoracic Surgeons 
(STS)/American Association for Thoracic Surgery (AATS)/
American Heart Association (AHA)/American Society of 
Nuclear Cardiology (ASNC)] have presented their own 
“appropriate use” provisions in order to solve this problem. 
The original criteria were developed in 2009, and the 
revised version was published in 2012[5,6]. 

DEVELOPMENT OF AUC
The process of evaluating appropriateness was based on 
the RAND approach, which blends scientific evidence, 
guidelines, and practical experience by engaging a 
technical panel in a modified Delphi exercise. In brief, 
nationally recognized experts were recruited, and the 
panel included interventional cardiologists, cardiovascular 
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surgeons, and general cardiologists. Over 200 clinical 
scenarios were prepared. Initially, the members inde­
pendently rated the appropriateness of performing PCI 
in these clinical scenarios using a 9-point scale, with 1 
point regarded as being the most inappropriate and 9 
points as being the most appropriate, based on different 
combinations of the following items: (1) Anatomical 
information [left main trunk (LMT), 3-vessel disease (VD), 
1- or 2-VD with/without proximal left anterior descending 
artery (LAD) involvement]; (2) Evaluation of the presence 
and severity of preoperative ischemia (treadmill, exercise 
myocardial scintigraphy, and stress echocardiography); 
(3) Presence and severity of symptoms [asymptomatic, 
Canadian Cardiovascular Society (CCS) scale 1-4]; and 
(4) Presence of optimal medical therapy. An example 
would be as follows. 

Asymptomatic patient with diabetes; after screening 
electrocardiography performed at an annual health 
check-up revealed abnormalities, coronary computed 
tomography angiography (CCTA) findings indicated 
severe stenosis in the mid-right coronary artery; myo­
cardial scintigraphy revealed mild ischemia in the relevant 
area, which was consistent with the finding of CCTA; 
drugs administered: Aspirin (100 mg), rosuvastatin (2.5 
mg).

When this scenario is evaluated using the 4 evaluation 
points for AUC, the patient would be classified as having 
“asymptomatic single-vessel disease without proximal 
LAD involvement and mild ischemia, and no optimal 
medical therapy”. According to the AUC, each evaluation 
committee member determines the appropriateness 
of PCI based on such a simplified scenario. The panel 
then met for a face-to-face discussion, and the panel 
members independently re-provided their final scores 
for each indication. Each panel member had equal 
weight in producing the final result. The median score 
was documented for each scenario. Based on the me­
dian score for each indication (range, 1-9), they were 
categorized as “appropriate” (median, 7-9), “uncertain” 
(4-6), or “inappropriate” (1-3).

CURRENT STATUS OF APPROPRIATE 
RATINGS IN THE UNITED STATES
A set of AUC was initially proposed to review clinical 
decisions made by medical teams in each facility. 
In addition, after its publication and initial phase of 
implementation, attempts have been made to assess 
the appropriateness of the indications for PCI in actual 
clinical practice by applying these AUC to large-scale 
registry data[9,10]. The results of the analysis of PCI 
appropriateness in the United States revealed that in 
acute settings, the procedure was generally adapted 
appropriately. By contrast, in non-acute settings, 11.6% 
of PCIs were deemed to be inappropriate (by 2009 
AUC), and when using the revised 2012 AUC, as many 
as 26.2% of PCIs were evaluated as inappropriate, 
indicating the overuse of PCI for SIHD (Figure 1).

At the same time, the following changes were ob­
served from 2009 to 2014[10], which were thought to 
popularize the concept of AUC: (1) The rates of patients 
with serious symptoms (CCS 3 or 4), patients with 
severe ischemia, and patients receiving optimal medical 
therapy increased; (2) The annual trend revealed that 
the rate of inappropriate PCI decreased from 26.2% to 
13.3% (Figure 1), and the ratio of elective PCI patients 
decreased 30% overall; and (3) The variance of appro­
priateness among facilities also improved.

In the United States, on the basis of a study by 
Hachamovitch et al[11] demonstrating that PCI-related 
prognostic improvement could only be obtained in cases 
with > 10% ischemic area, pre-procedural evaluation 
of the extent of ischemia is deemed almost essential. 
Furthermore, reflecting the COURAGE trial, clinical 
guidelines also emphasize the use of optimal medical 
therapy prior to revascularization. From such evidence, 
PCI in cases of 1- or 2-VD without proximal LAD 
involvement and optimal medical therapy is not accepted 
regardless of patient symptoms. Additionally, coronary 
artery bypass graft (CABG) is considered to be a more 
appropriate therapeutic strategy than PCI for multivessel 
CAD, based on the findings of the Synergy between PCI 
with Taxus and Cardiac Surgery (SYNTAX) trial[12] and 
the Future Revascularization Evaluation in Patients with 
Diabetes Mellitus: Optimal Management of Multivessel 
Disease (FREEDOM) trial[13].

Consequently, according to the CathPCI registry 
(National Cardiovascular Data Registry), there was a 
significant 33.8% reduction in the volume of non-acute 
PCI procedures from 2010 (89704) to 2014 (59375)[10]. 
Similarly, analysis of the Clinical Outcomes Assessment 
Program also demonstrated a 43% decline in the number 
of PCIs for elective indications (from 3818 in 2010 to 
2193 in 2013)[14].

APPLICATION OF THE CURRENT AUC IN 
JAPAN
The number of PCI procedures has continued to in­
crease in Japan. More than 250000 procedures in > 
800 hospitals were performed in 2014, which is esti­
mated to be > 14 times greater than the number of 
CABG procedures. The proportion of elective procedure 
accounts for < 40% of all PCI in the United States, and 
as many as three-fourths of PCIs are performed in non-
acute settings in Japan[15,16].

To document the rate of appropriate vs. inappropriate 
PCI in Japanese practice, we applied US AUC scenario 
ratings to patients registered in the Japan Cardiovascular 
Database - Keio interhospital Cardiovascular Studies 
(JCD-KiCS). JCD-KiCS is an ongoing prospective 
multicenter registry built to collect clinical background 
and outcome data on consecutive PCI patients in 15 
centers affiliated with Keio University Hospital (11258 
patients registered from 2008 to 2013)[17-22].

Similar to the results in the United States, PCI was 
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generally performed appropriately in acute settings. 
However, in non-acute settings, 15% of PCI cases were 
classified as inappropriate under the 2009 AUC, and 
30.7% of PCI cases were categorized as inappropriate 
under the revised 2012 AUC. As mentioned earlier, 
when the 2009 AUC was applied, the rate of inap­
propriate PCI in the United States was 11%, and when 
the revised 2012 AUC was used, the rate ranged from 
13% to 26%; based on these findings, the rate of 
inappropriate PCI in Japan is high (Figure 1).

This higher rate of inappropriate PCIs in Japan 
compared with the United States is mostly driven by 
differences in the therapeutic strategy toward patients 
with low-risk ischemia. In contrast to the United States 
practice, where indications for PCI are strictly limited to 
cases with > 10% ischemia, PCI for low-risk patients is 
considered acceptable in Japan. The Japanese Stable 
Angina Pectoris (JSAP) trial evaluated the effectiveness 
of PCI for such stable low-risk CAD patients compared 
with medical therapy in Japan, and the results were 
strikingly different from those of the COURAGE trial. In 
the JSAP trial, the long-term benefit of PCI compared to 
conservative management was observed[23]. The JSAP 
trial enrolled 384 patients with low-risk CAD consisting 
of 1- or 2-VD from 78 institutions in Japan. This trial 
was conducted in a randomized fashion, and patients 
were randomly allocated to a medical therapy only 
group or PCI plus medical therapy group. The primary 
end point was the composite of all-cause death, ACS 
admission, cerebrovascular accidents, and emergency 
hospitalization. During the 3.3-year follow-up, the 
incidence of the primary composite end point was signi­

ficantly lower in the PCI plus medical therapy group 
compared to the initial medical therapy-only group, 
which demonstrated the effectiveness of PCI for stable 
CAD patients at low-risk for cardiovascular events. 

However, the JSAP trial had several concerns. First, 
the benefit of PCI was only recognized in the composite 
end point and disappeared for all-cause death. This 
discrepancy could obscure the prognostic impact of PCI 
for this low-risk population. Furthermore, in this trial, 
the medical therapy was not optimal in either group. 
The prescription rates of statin and beta-blocker were 
45.2% and 51.6%, respectively, even in the medical 
therapy group. From the insight of the COURAGE trial[8], 
implementation of the optimal medical therapy was an 
equivalent therapeutic option for the management of 
low-risk CAD patients, and the findings of the JSAP trial 
should be cautiously interpreted.

We have also previously evaluated the appro­
priateness of PCI, based on both the United States and 
Japanese AUC, and compared the ratings[18]. Japanese 
AUC was developed in the line with the United States 
AUC; however, several issues have merged since the 
establishment of J-AUC. J-AUC was published in 2007, 
and this was before the publication of COURAGE trial. 
Therefore, the importance of optimal medical therapy 
was not highlighted in the clinical practice guidelines 
then. Furthermore, the J-AUC panel was weighted more 
toward coronary interventionists (7, in comparison to 2 
cardiac surgeons). Thorough revision is needed for the 
application of J-AUC, but it reflected consensus toward 
the indication of PCI in Japan to some extent. Naturally, 
the rate of inappropriate PCI under J-AUC in JCD-KiCS 
was substantially lower (5.2%) than that using the 
US AUC (15%); the rating discrepancies between the 
US- and J-AUC were largely due to difference in the 
interpretation of revascularization in asymptomatic, 
low- or intermediate-risk patients without proximal 
LAD involvement. This discrepancy may be related to 
multiple factors including cultural differences and the 
unique Japanese healthcare system. It also underscores 
the need for revision of AUC according to their asso­
ciated culture and healthcare system.

Lastly, the variability of the appropriate ratings among 
institutes is also an issue that remains to be resolved. 
When the current United States AUC was applied to 
our registered dataset (JCD-KiCS registry), the rate 
of inappropriate PCI varied across institutes, ranging 
from 17.5% to 50% (Figure 2). This finding suggests 
uneven care in the field of coronary intervention in 
Japan, which should be resolved to improve the quality 
of care. Hospital-level variation in the proportion of PCIs 
classified as inappropriate was also found in the United 
States. However, since the launch of the AUC in 2009, 
it has substantially improved[10]. The concept of AUC 
has tremendous potential to improve patient selection 
for PCI, and is expected to gain wider acceptance in 
Japanese clinical practice.

50%

40%

30%

20%

10%

  0%
AUC/2009  AUC/2012                   AUC/2009  AUC/2012

Japan                                   United States

Decreased 
by half from 
2009 to 
2014

Figure 1  The rates of inappropriate percutaneous coronary intervention 
in non-acute settings in Japan and in the United States. In Japan, when 
evaluated under the original criteria developed in 2009 (AUC/2009), 15% of 
PCIs were categorized as inappropriate, and 30.7% of PCIs were classified as 
inappropriate under the revised criteria (AUC/2012) (blue bars). By contrast, in 
the United States, 11.6% of PCIs were deemed to be inappropriate by AUC/2009, 
and when using the AUC/2012, 26.2% of PCIs were classified as inappropriate (red 
bars). Additionally, the rates of inappropriate PCI decreased by half from 2009 to 
2014, owing to the publication of AUC. PCI: Percutaneous coronary intervention; 
AUC: Appropriate use criteria.
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PROBLEMS EXTRAPOLATING THE 
CURRENT AUC TO DAILY PRACTICE IN 
JAPAN
Can the current United States-derived AUC be directly 
applied to daily clinical practice in Japan? There are 
several problems concerning this issue. First, the 
modalities for evaluating CAD differ between the United 
States and Japan. In the United States, stress testing, 
including treadmill, myocardial scintigraphy, and stress 
echocardiography, is generally used to assess ischemia. 
However, in recent years, CCTA has become widespread 
in Japan, and fractional flow reserve (FFR) is often used 
to assess ischemia. Since appropriateness criteria assign 
high value to functional information, reflecting a strong 
tilt toward physiological assessment of ischemia in the 
United States, CCTA, which only provides anatomical 
information, is not recognized as one of the prior non-
invasive tests under these criteria. We previously in­
dicated that due to the popularity of CCTA and FFR, 
Japanese PCI cannot be adequately evaluated under 
the current AUC developed in the United States (Figure 
3)[17], and an editorial published from the American 
perspective entitled “lessons learned from Japan” also 
mentions this problem[24].

Second, as quoted previously, the therapeutic str­
ategy toward patients with low-risk ischemia differs 
greatly between the United States and Japan. Clearly, 
further studies involving the Japanese population are 
needed to close the perception gap for PCI indications 
that lack sufficient scientific underpinning.

Finally, there is room for improvement in the current 
AUC proposed in the United States. For example, clinical 
scenarios involving PCI for chronic total occlusion (CTO) are 
limited to “chronic total occlusion of 1 major epicardial 

coronary artery, without other coronary stenosis”; 
therefore other types of CTO-PCI cannot be accurately 
evaluated[5,6,19]. In addition, although the use of FFR is 
limited to cases with moderate stenosis, it should be 
widely accepted in evaluating various lesions. Based on 
the results of the FFR vs angiography for multi-vessel 
evaluation Ⅱ (FAME2) study[25], the prevalence of FFR-
guided PCI substantially increased[17,26]. Because FFR 
enables the evaluation of the significance of CAD in the 
cardiac catheterization laboratory, pre-procedural tests 
might have been omitted in some patients; therefore, 
patients evaluated only by FFR are likely to be classified 
as having inappropriate PCI, unless such cases are 
properly assigned to FFR-related scenarios. However, in 
the current AUC, ischemic evaluation by FFR is accepted 
only for 1- or 2-vessel CAD with borderline stenosis of 
“50% to 60%”, and the use of FFR in coronary artery 
stenosis greater than 60% was not adjudicated[5,6].

Previously, we discussed such issues concerning the 
current AUC with United States investigators in the form 
of correspondence to the paper by Inohara et al[27] and 
Brandley et al[14,28]. We mainly insisted on the validity 
of performing CCTA as a pre-procedural evaluation. 
However, although they agreed that AUC comprise a 
living document and require frequent revision to incor­
porate evolving evidence, they disagreed with our 
opinion, since pre-procedural evaluation using CCTA was 
performed in only 0.5% of all PCIs registered in their 
dataset. When considering such perception gaps, it is 
impractical to extrapolate the current AUC advocated in 
the United States to daily clinical practice in Japan. In 
order to popularize the concept of appropriate ratings in 
Japan, further effort is needed to refine and correct the 
disconnection between the current AUC and Japanese 
clinical practice.
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Figure 2  The variability of inappropriate ratings in elective percutaneous coronary interventions among institutes participating in the JCD-KiCS registry 
(15 centers). When the current AUC (developed in 2012) was applied to the JCD-KiCS registry, 30.7% of elective PCIs were classified as having inappropriate 
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TOWARDS THE INTERNATIONAL 
APPLICATION OF AUC
Although the revision of the current AUC in accordance 
with the daily clinical practice in Japan will require 
some effort, the effects that the concept of AUC brings 
are expected to be extremely large. As previously dis­
cussed, the application of AUC in the United States led 
to a reduction in the number of elective PCI by half. 

A recent study by Chinese investigators demonstrated 
that the medical records of many patients undergoing 
PCI lacked documentation of important process measures 
needed to assess quality of care[29]. AUC can serve as a 
foundation to guide future efforts on quality improvement 
in the use of PCI in such cases. Variation in quality of 
care across hospitals has also been noted in European 
countries. In a hospital-level international comparison 
of patients with acute myocardial infarction admitted 
to hospitals in Sweden and the United Kingdom, inter-
hospital variation in the use of primary PCI, antiplatelet 
treatment, and statin at discharge were important in 
explaining variation in 30-d mortality[30]. The results 
of this study suggest that more consistent adherence 
to new treatment guidelines across all hospitals would 
deliver improved outcomes, and standardizing the 
appropriateness of the revascularization procedures could 
aid in facilitating this adherence.

In Japan, the Japanese Association of Cardiovascular 
Intervention and Therapeutics (CVIT) has developed a 

nationwide registry designed to collect clinical variables 
and outcome data on PCI patients (J-PCI), which is 
also linked to medical specialty boards. Therefore, it 
is feasible that the construction of a feedback system 
via such a registry will lead to the popularization and 
practical use of AUC in daily clinical practice in Japan. 
However, issues concerning the balance between the 
professionalism and autonomy of physicians are deeply 
involved, making it difficult to reach a conclusion reg
arding the role of physician discretion in the decision 
to perform PCI. Looking at various past examples in 
Japan, the Japanese public appears to have developed 
a negative attitude toward organizations, including 
specialized professional groups that have failed to per­
form self-auditing. For this reason, we believe that some 
sort of restriction toward the indication of PCIs such as 
AUC will be implemented in the near future.

CONCLUSION
The concept of AUC has shown great value as a quality 
measure and led to improved patient selection for PCI 
in the United States. Although several issues remain 
to be resolved in order to extrapolate the current AUC 
to Japanese clinical practice, this concept should be 
introduced to improve the quality of care in Japan and 
other countries. 
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frequency of inappropriate ratings. The proportion of patients evaluated 
with CCTA and FFR substantially increased (both P for trend < 0.001), which 
coincided with a decrease in utilization of stress myocardial perfusion imaging 
over the course of 5 years (P for trend < 0.001). Contemporaneously, the 
proportion of inappropriate PCIs increased (P for trend = 0.003) in parallel with 
the increase in utilization of CCTA. The gray area indicates the percentages of 
inappropriate procedures based on original appropriateness criteria (AUC/2009). 
From Inohara et al[17]. CCTA: Coronary computed tomography angiography; 
MPI: Myocardial perfusion imaging; FFR: Functional flow reserve.
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