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developing the AUC for coronary revascularization in 
SIHD patients has been previously described.5 The writing 
group created clinical scenarios that represent the most 
common clinical scenarios encountered in clinical practice. 
Using the modified Delphi approach, an expert panel 
member judged the appropriateness of the clinical scenar-
ios. The AUC have been applied to real-world clinical 
practice along with data from various registries, and stud-
ies have demonstrated a strong possibility of PCI overuse 
in non-CTO-PCI cases in real-world practice.6–10

In addition, recent randomized control trials (RCTs) 
showed only modest effects of CTO-PCI. An open-label, 
multicenter RCT (Drug-Eluting Stent Implantation vs. 
Optimal Medical Treatment in Patients with Chronic 

C oronary chronic total occlusions (CTOs) are defined 
as occluded coronary segments with Thrombolysis 
in Myocardial Infarction flow grade 0 for ≥3 

months. CTOs are commonly encountered complex lesions 
identified in 18–52% of all patients undergoing coronary 
angiography.1–3 In recent years, advances in technology 
and the use of new techniques have increased the proce-
dural success rates and decreased the complication rates of 
percutaneous coronary intervention (PCI) for CTO lesions.4

In 2017, the American College of Cardiology and American 
Heart Association, along with other professional societies, 
updated the Appropriate Use Criteria (AUC) for Coro-
nary Revascularization in Patients with Stable Ischemic 
Heart Disease (SIHD). The purpose was to critically exam-
ine and improve patient selection for coronary artery 
revascularization and address concerns about the potential 
overuse of PCI in patients with SIHD.5 The method of 
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Background:  The appropriateness of percutaneous coronary intervention (PCI) for chronic total occlusion (CTO) lesions has rarely 
been investigated.

Methods and Results:  The Japanese CTO-PCI Expert Registry enrolled consecutive patients undergoing CTO-PCI carried out by 
highly experienced Japanese CTO specialists who performed more than 50 CTO-PCIs per year and 300 CTO-PCIs in total. This 
study included patients undergoing CTO-PCI between January 2014 and December 2019. The appropriateness, trends, and 
differences among the procedures performed by the operators using the 2017 appropriate use criteria were analyzed. Furthermore, 
we performed a logistic regression analysis to assess whether the appropriateness was associated with in-hospital major adverse 
cardiovascular and cerebrovascular events (MACCE). Of the 5,062 patients who underwent CTO-PCI, 4,309 (85.1%) patients who 
did not undergo the non-invasive stress test were classified as having no myocardial ischemia. Of the total cases, 3,150 (62.2%) 
were rated as “may be appropriate,” and 642 (12.7%) as “rarely appropriate” CTO-PCI cases. The sensitivity analyses showed that 
the number (%) of “may be appropriate” ranged from 4,125 (57.8%) to 4,744 (66.4%) and the number of “rarely appropriate” ranged 
from 843 (11.8%) to 970 (13.6%) among best and worst scenarios.

Conclusions:  In a large Japanese CTO-PCI registry, approximately 13% of CTO-PCI procedures were classified as “rarely appro-
priate”. Substantial efforts would be required to decrease the number of “rarely appropriate” CTO-PCI procedures.
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specialists by the end of 2019. The requirements for certi-
fication were that the specialist performed more than 50 
CTO-PCIs per year and that they had performed more 
than 300 CTO-PCIs in total. The certified specialists are 
required to enroll all consecutive CTO-PCI cases into the 
registry. The planned patient enrollment period is from 
January 2014 to December 2022, and the clinical follow up 
will continue until December 2027. Written informed consent 
was obtained from all patients, the sub-study was approved 
by the ethics committee of Kyoto University (R1701) and 
followed the principles of the Declaration of Helsinki.

Study Population
We included consecutive patients who underwent CTO-
PCI between January 2014 and December 2019. The fol-
lowing patients were excluded: those having a missing 
variable in the patient background (n=794, 21.5%) or drug 
use (n=2,398, 64.8%), those with a history of prior coro-
nary artery bypass graft (CABG) surgery (n=328, 8.9%), 
and those who underwent PCI for acute indications (acute 
myocardial infarction and unstable angina including 
Canadian Cardiovascular Society class 4; n=199, 5.4%).

Definitions
CTO was defined as the presence of Thrombolysis in 
Myocardial Infarction flow grade 0 within an occluded 
arterial segment for ≥3 months. We classified “appropri-
ateness” according to the key variables based on 2017 AUC 
for Coronary Revascularization in Patients with SIHD.5 
One vessel disease was classified according to the following 
variables: whether proximal left anterior descending (LAD) 
or proximal left dominant left circumflex (LCX) was involved, 
non-invasive risk stratification, anginal symptoms, and the 
number of antianginal medications at discharge. Two vessel 

Total Occlusion [DECISION-CTO] trial) including 834 
patients with a CTO lesion showed that CTO-PCI did not 
decrease the rate of a composite of death, myocardial 
infarction, stroke, or any revascularization compared to 
optimal medical therapy alone, whereas the study was 
limited by low power for clinical endpoints and high cross-
over rates between groups.11 Therefore, appropriate patient 
selection for CTO-PCI has become even more important.

However, the appropriateness of CTO-PCI and its 
impact on prognosis in real-world practice are still unclear. 
Therefore, we conducted this cross-sectional study to elu-
cidate the appropriateness of CTO-PCI and its prognostic 
impact on patients selected from a Japanese CTO registry.

Methods
Data Source
This study is a sub-study of the Japanese CTO-PCI Expert 
Registry, which is a prospective, non-randomized registry 
enrolling consecutive patients undergoing CTO-PCI per-
formed by Japanese CTO operators. This registry’s design 
and enrollment status have been reported previously.4,12 
The registry data are managed by the secretariat (Clinical 
Research Center, Kurashiki Central Hospital, Ohara 
Healthcare Foundation, Okayama, Japan). Diagnostic cor-
onary angiograms, computed tomography images of the 
coronary arteries before the interventions, and intravascular 
ultrasound images obtained during the interventions are 
sent to an independent core laboratory (Cardiovascular 
Imaging Center, Aichi, Japan) for further analysis; the core 
laboratory calculated the SYNergy Between PCI with TAXus 
and Cardiac Surgery (SYNTAX) score. The Japanese Board 
of CTO Interventional Specialists was established in July 
2013 and with certified 46 highly experienced Japanese 

Figure 1.    Study flowchart. CTO, chronic total occlu-
sion; PCI, percutaneous coronary intervention; CABG, 
coronary artery bypass grafting.
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following variables: SYNTAX score, bifurcation involve-
ment, concurrent multivessel disease, anginal symptoms, and 
the number of antianginal medications at discharge. High 
or intermediate non-invasive risk stratification was deter-
mined if the patient satisfied at least one of the following 
criteria: a positive stress electrocardiography (ECG) test 
result, left ventricular ejection fraction (LVEF) <50%, and 
non-normal wall motion at the CTO site. The lesion was 
deemed as intermediate or high-disease complexity if the 

disease was classified according to the following variables: 
whether proximal LAD was involved, diabetes mellitus, 
non-invasive risk stratification, anginal symptoms, and the 
number of antianginal medications at discharge. Three 
vessel disease was classified according to the following 
variables: SYNTAX score, diabetes mellitus, non-invasive 
risk stratification, anginal symptoms, and the number of 
antianginal medications at discharge. Unprotected left 
main trunk (ULMT) disease was classified according to the 

Table 1.  Characteristics of Patients Undergoing CTO-PCIs Stratified by Appropriateness

Total  
(n=5,062)

Appropriate  
(n=1,270)

May be  
appropriate  

(n=3,150)

Rarely  
appropriate  

(n=642)
P value

Age, years   67.3 (11.2)   67.3 (11.5)   67.3 (11.1) 67.6 (11.3)　 0.81

BMI, kg/m2 24.8 (3.8) 25.0 (3.9) 24.8 (3.7) 24.8 (4.0)　　　 0.12

LVEF, %   55.0 (13.0)   52.1 (13.7)   54.7 (12.7) 62.5 (9.9)　　　 <0.001

eGFR, mL/min/1.73 m2   64.0 (21.5)   62.8 (21.7)   64.3 (21.3) 65.0 (22.1)　 0.04

Male sex 4,308 (85.1) 1,067 (84.0) 2,699 (85.7) 542 (84.4) 0.32

Current smoker    789 (17.6)    223 (17.6)    564 (17.9) 102 (15.9) 　0.008

Hypertension 3,865 (76.4) 1,053 (82.9) 2,347 (74.5) 465 (72.4) <0.001

Dyslipidemia 4,119 (81.4) 1,026 (80.8) 2,584 (82.0) 509 (79.3) 0.22

Diabetes 2,218 (43.8)    535 (42.1) 1,409 (44.7) 274 (42.7) 0.24

History of MI 2,285 (45.1)    616 (48.5) 1,495 (47.4) 174 (27.1) <0.001

Prior PCI 3,269 (64.6)    829 (65.3) 2,047 (65.0) 393 (61.2) 0.16

Peripheral artery disease    527 (10.4)  105 (8.3)    320 (10.2) 102 (15.9) <0.001

Aspirin 5,009 (99.0) 1,253 (98.7) 3,118 (99.0) 638 (99.4) 0.34

P2Y12 inhibitors 4,981 (98.4) 1,247 (98.2) 3,105 (98.6) 629 (98.0) 0.43

Anticoagulants  425 (8.4)    139 (11.0)  236 (7.5) 50 (7.8) <0.001

ACE inhibitors    973 (19.2)    282 (22.2)    603 (19.1)   88 (13.7) 　0.007

ARBs 2,179 (43.1)    569 (44.8) 1,332 (42.3) 278 (43.3) 0.31

Statins 4,188 (82.7) 1,050 (82.7) 2,618 (83.1) 520 (81.0) 0.43

β-blockers 2,486 (49.1)    914 (72.0) 1,341 (42.6) 231 (36.0) <0.001

Calcium channel blockers 1,954 (38.6)    706 (55.6) 1,015 (32.2) 233 (36.3) <0.001

Nitrates 1,088 (21.5)    477 (37.6)    499 (15.8) 112 (17.5) <0.001

PPIs 4,153 (82.0) 1,033 (81.3) 2,602 (82.6) 518 (80.7) 0.39

Key variables

    Anginal symptoms <0.001

        No symptoms 2,492 (49.2)    260 (20.5) 1,748 (55.5) 484 (75.4)

        CCS class I    944 (18.7)    382 (30.1)    504 (16.0) 58 (9.0)

        CCS class II 1,509 (29.8)    579 (45.6)    841 (26.7)   89 (13.9)

        CCS class III  117 (2.3)    49 (3.9)    57 (1.8) 11 (1.7)

    No. of antianginal drugs <0.001

        0 1,136 (22.4)    33 (2.6)    862 (27.4) 241 (37.5)

        1 2,523 (49.8)    494 (38.9) 1,779 (56.5) 250 (38.9)

        2 1,204 (23.8)    626 (49.3)    451 (14.3) 127 (19.8)

        3  199 (3.9)  117 (9.2)    58 (1.8) 24 (3.7)

  �  High or intermediate risk in  
non-invasive tests

3,261 (64.4)    991 (78.0) 2,203 (69.9)   67 (10.4) <0.001

    No. of diseased vessels <0.001

        1 2,230 (44.1)    456 (35.9) 1,378 (43.8) 396 (61.7)

        2 1,646 (32.5)    626 (49.3)    865 (27.5) 155 (24.1)

        3 1,040 (20.6)    181 (14.3)    859 (27.3) 0 (0)　
    LMT involvement  146 (2.9)        7 (0.55)    48 (1.5)   91 (14.2)

    Proximal LAD involvement 1,675 (33.1)    472 (37.2) 1,123 (35.7)   80 (12.5) <0.001

Continuous variables (Age, BMI, LVEF, and eGFR) are represented as mean (SD), and categorical variables as n (%). ACE, angiotensin-
converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CCS, Canadian Cardiovascular Society; CTO, chronic total 
occlusion; eGFR, estimated glomerular filtration rate; LAD, left anterior descending artery; LMT, left main trunk; LVEF, left ventricular ejection 
fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; PPI, proton pump inhibitor.
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appropriate” PCI vs. “appropriate” PCI, age, LVEF, the 
estimated glomerular filtration rate (eGFR), male sex, cur-
rent smoker, history of myocardial infarction (MI), hyper-
tension, dyslipidemia, diabetes mellitus, peripheral artery 
disease, the Canadian Cardiovascular Society class, and 
the number of diseased vessels. Variables were selected 
according to clinical importance, and no statistical variable 
selection method was applied. Additionally, one of the 
major updates that was incorporated in the 2017 AUC was 
the addition of CT and fractional flow reserve-based 
approach towards PCIs. To elucidate whether coronary 
computed tomography angiography (CCTA) use before 
CTO-PCI was associated with the risk of “rarely appro-
priate” CTO-PCI, we conducted another bivariable and 
multivariable logistic regression analysis, and OR and 95% 
CIs were presented. In this multivariable model, variables 
included CCTA use, anginal symptom (symptomatic vs. 
asymptomatic), high or intermediate non-invasive risk, the 
number of antianginal medications at discharge, and the 
number of diseased vessels. Covariates were selected 
according to the previous study that evaluated the associa-
tion between CCTA use and the appropriateness of PCI.8 

patient had 3 vessel or ULMT disease and the SYNTAX 
score was >22. As 4,309 (85.1%) patients did not undergo 
a stress ECG and no other non-invasive stress test was 
recorded in the registry, patients who did not undergo a 
stress ECG and those with undeterminable stress test 
results were classified as having a negative stress ECG test 
result when invasive risk stratification was determined.

Statistical Analysis
The baseline characteristics of patients undergoing CTO-
PCI were compared according to the appropriateness cat-
egory. Continuous variables were evaluated using analysis 
of variance and categorical variables using the chi-squared 
test. The Cochran–Armitage test was used to evaluate the 
trend of the proportion of “rarely appropriate” PCIs by 
each operator or calendar year. Bivariable and multivari-
able logistic regression analyses were performed to evalu-
ate the association between the appropriateness of 
CTO-PCI and major adverse cardiovascular and cerebro-
vascular events (MACCE), and odds ratios (OR) and 95% 
confidence intervals (CIs) were presented. In the multivariable 
model, the variables included “may be appropriate” or “rarely 

Table 2.  Most Common Clinical Scenarios for CTO-PCIs Classified as “Rarely Appropriate” According to the Appropriate Use 
Criteria

Indication* Description

  1 1-vessel disease, no proximal LAD disease, low-risk findings on non-invasive testing, and asymptomatic  
or symptomatic but not on antianginal therapy

396 (61.7) 

  7 2-vessel disease, no proximal LAD disease, low-risk findings on non-invasive testing, and asymptomatic 155 (24.1)

29 Left main disease, bifurcation involvement, SYNTAX score >22   91 (14.2)

These reasons comprised 100% of all “rarely appropriate” PCIs. Data are presented as n (%). *Scenario numbers reported by Patel et al.5 
SYNTAX, SYNergy Between PCI With TAXus and Cardiac Surgery. Other abbreviations as in Table 1.

Figure 2.    Proportion of “rarely appropriate” CTO-PCI procedures performed by the operators. The vertical bar graph denotes the 
total number, and the line graph denotes the proportion of “rarely appropriate” CTO-PCI procedures by each operator. CTO-PCI, 
chronic total occlusion-percutaneous coronary intervention.
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“may be appropriate”, and 642 (12.7%) as “rarely appro-
priate” PCI cases (Figure 1).

Table 1 summarizes the clinical characteristics of the 
patients undergoing CTO-PCI. The mean age was 67.3 
years (standard deviation, 11.2), and 4,308 patients (85.1%) 
were men. Compared to the procedures classified as 
“appropriate” or “may be appropriate”, “rarely appropri-
ate” PCI procedures were more likely to be performed in 
patients with single-vessel coronary artery stenosis or 
ULMT disease, and cases were less likely to involve proxi-
mal LAD artery stenosis (Table 1).

The most frequent clinical indications for “rarely appro-
priate” PCI procedures are outlined in Table 2. All “rarely 
appropriate” CTO-PCI procedures were classified into 3 
indications. Among patients who were classified as “rarely 
appropriate”, 396 (61.7%) patients had 1-vessel disease, no 
proximal LAD disease, low-risk findings on non-invasive 

Finally, we conducted a sensitivity analysis to account for 
the missing variables in drug use. In sensitivity analyses, 
patients with missing variables in drug use were included, 
and the number (%) of appropriateness was recalculated. 
In the best-case scenario, missing drug use was classified 
positive, and in the worst-case scenario, this variable was 
classified negative. Data were analyzed using SAS 9.4 (Cary, 
NC, USA). All P values were 2-sided, and significance was 
defined as P<0.05 for all analyses.

Results
Of the 8,761 patients who underwent PCI for CTO lesions 
between January 2014 and December 2019, we excluded 
3,699 patients who met the exclusion criteria. In total, we 
investigated 5,062 patients in this study. Of these, 1,270 
(25.1%) were rated as “appropriate,” 3,150 (62.2%) as 

Table 3.  In-Hospital Outcomes

Total  
(n=5,062)

Appropriate  
(n=1,270)

May be  
appropriate  

(n=3,150)

Rarely  
appropriate  

(n=642)
P value

Technical success 4,725 (93.4) 1,188 (93.8) 2,935 (93.2) 602 (93.9) 0.69

MACCE    71 (1.4)    19 (1.5)    46 (1.5)   6 (0.9) 0.56

Death        4 (0.08)        1 (0.08)      3 (0.1) 0 (0)　 0.73

Myocardial infarction    55 (1.1)    15 (1.2)    34 (1.1)   6 (0.9) 0.88

Stent thrombosis        2 (0.04)   0 (0)        2 (0.06) 0 (0)　 0.54

Stroke    10 (0.2)        3 (0.24)        7 (0.22) 0 (0)　 0.48

Cardiac tamponade  129 (2.6)    41 (3.2)    75 (2.4) 13 (2.0) 0.18

Puncture site complication    75 (1.5)    19 (1.5)    41 (1.3) 15 (2.3) 0.14

Emergency revascularizations        2 (0.04)   0 (0)        2 (0.06) 0 (0)　 0.54

Data are presented as n (%). MACCE, major cardiovascular and cerebrovascular events.

Figure 3.    Proportion of “appropriate”, “may be appropriate”, and “rarely appropriate” CTO-PCI cases from 1 July 2014 to 31 
December 2019. CTO-PCI, chronic total occlusion-percutaneous coronary intervention.
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ciation was not statistically significant in the multivariable 
analysis (OR, 1.05; 95% CI, 0.8–1.38; P=0.70).

The sensitivity analyses included 7,143 patients. In the 
best-case scenario, 2,175 (30.5%) were rated as “appropri-
ate”, 4,125 (57.8%) as “may be appropriate”, and 843 
(11.8%) as “rarely appropriate” PCI cases. In the worst-
case scenario, 1,429 (20.0%) were rated as “appropriate”, 
4,744 (66.4%) as “may be appropriate”, and 970 (13.6%) as 
“rarely appropriate” PCI cases.

Discussion
In this large registry of patients undergoing CTO-PCI per-
formed by Japanese expert operators, 20% of cases were 
rated as “appropriate”, 66% as “may be appropriate”, and 
15% as “rarely appropriate”. The proportion of “appropri-
ate” cases was lower, but the proportion of “rarely appro-
priate” PCI cases was comparable to that observed in 
previous reports.6,7,9 In addition, the appropriateness of 
CTO-PCI was not associated with in-hospital outcomes, 
including MACCE.

To our knowledge, this is the largest study investigating 
the appropriateness of CTO-PCI, although Inohara et al13 
analyzed 500 CTO-PCI procedures to compare the appro-
priateness of CTO vs. non-CTO-PCI in Japanese real-
world practice. The present study included a larger number 
of patients than previous studies, and the results should 
therefore have greater generalizability.

The indications for CTO-PCI should be considered as 
well or more stringently than those for non-CTO-PCI 
because CTO-PCI is highly complex, has a lower technical 
success rate, has a higher complication rate, and necessi-

testing, and were asymptomatic or symptomatic but not on 
antianginal therapy, whereas 155 (24.1%) patients had 
2-vessel disease, no proximal LAD disease, low-risk find-
ings on non-invasive testing, and were asymptomatic 
(Table 2). Among 91 patients with ULMT disease, bifurca-
tion involvement, and a SYNTAX score >22, 29 (29.6%) 
patients had a SYNTAX score between 23 and 32, and 64 
(65.3%) patients had a SYNTAX score ≥33.

The proportion of “rarely appropriate” procedures dif-
fered substantially from operator to operator, varying 
from 3.1% to 25.3%; a non-significant trend was observed 
between appropriateness and the total number of PCI 
procedures (P for trend=0.29) (Figure 2). Additionally, the 
trend of appropriateness did not change during the study 
period (P for trend=0.89; Figure 3).

The in-hospital outcomes are listed in Table 3. Technical 
success was achieved in 4,725 (93.4%) of cases, and MACCEs 
were observed in 71 (1.4%) patients. No significant differ-
ence was observed among the in-hospital outcomes accord-
ing to appropriateness (Table 3). The results of bivariate 
and multivariable logistic regression for MACCE are listed 
in Table 4. Multivariable logistic regression analysis 
showed that neither the “may be appropriate” (OR, 0.97; 
95% CI, 0.53–1.76; P=0.92) nor the “rarely appropriate” 
(OR, 0.65; 95% CI, 0.22–1.90; P=0.43) CTO-PCI cases 
were associated with MACCE (Table 4).

In this study, 2,990 (59.1%) patients underwent CCTA 
before CTO-PCI, and the proportion did not change during 
the study period (P for trend=0.76). In the logistic regres-
sion analysis, CCTA use was associated with a higher risk 
of “rarely appropriate” CTO-PCI in the bivariate analysis 
(OR, 1.22; 95% CI, 1.03–1.45; P=0.02); however, the asso-

Table 4.  Logistic Regression Model for MACCE

Bivariable model Multivariable model

OR (95% CI) P value OR (95% CI) P value

Appropriate Reference Reference

May be appropriate 0.98 (0.57–1.67) 0.93 0.97 (0.53–1.76) 0.92

Rarely appropriate 0.62 (0.25–1.56) 0.31 0.65 (0.22–1.90) 0.43

Age 1.02 (1.00–1.04) 0.11 1.02 (0.99–1.04) 0.23

LVEF 0.99 (0.97–1.01) 0.27 1.00 (0.98–1.02) 0.67

eGFR 1.00 (0.99–1.01) 0.51 1.00 (0.99–1.01) 0.74

Male sex 0.65 (0.37–1.15) 0.14 0.69 (0.38–1.26) 0.22

Current smoker 0.86 (0.45–1.64) 0.64 0.95 (0.49–1.85) 0.87

History of MI 1.49 (0.93–2.39) 0.10 1.48 (0.89–2.49) 0.13

Hypertension 1.70 (0.89–3.24) 0.11 1.63 (0.85–3.15) 0.14

Dyslipidemia 1.25 (0.66–2.39) 0.50 1.24 (0.64–2.39) 0.52

Diabetes 1.40 (0.88–2.24) 0.16 1.34 (0.83–2.15) 0.23

Peripheral artery disease 1.42 (0.72–2.79) 0.31 1.36 (0.68–2.72) 0.38

CCS class

    No angina Reference Reference

        1 0.80 (0.41–1.59) 0.28 0.79 (0.39–1.62) 0.28

        2 0.96 (0.56–1.66) 0.61 0.98 (0.55–1.79) 0.74

        3 1.80 (0.55–5.92) 0.26 1.68 (0.55–1.79) 0.32

    Number of diseased vessels

        1 Reference Reference

        2 1.16 (0.66–2.02) 0.54 1.11 (0.63–1.97) 0.53

        3 1.44 (0.78–2.62) 0.67 1.28 (0.69–2.37) 0.97

    LMT 1.71 (0.51–5.71) 0.54 1.95 (0.54–7.03) 0.49

OR, odds ratio; CI, confidence interval. Other abbreviations as in Table 1.
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anginal symptoms, but does not decrease hard endpoints 
such as death or MI, as well as non-CTO-PCIs.20–23 How-
ever, we could not assess the change of anginal symptoms 
because anginal symptoms after CTO-PCI were not 
recorded in our registry. Thus, it is necessary to evaluate 
not only the hard outcomes but also patient-reported qual-
ity of life in future studies.

In the present study, the proportion of CCTA use before 
CTO-PCI was approximately 60% and was not associated 
with a higher risk of “rarely appropriate” CTO-PCI in the 
multivariable logistic regression analysis. In contrast, Inohara 
et al8 reported that the CCTA use was associated with 
fewer stress myocardial perfusion imagings and more 
“rarely appropriate” non-acute PCI. Similarly, a system-
atic review of RCTs showed that CCTA increased invasive 
coronary angiography and revascularization compared to 
stress testing.24 Some patients experienced revasculariza-
tion after CCTA may have less anginal symptoms and 
ischemic burden than those after stress testing. Therefore, 
CCTA use may be associated with “rarely appropriate” PCI 
in general. However, CCTA is useful for CTO-PCI not 
only for the diagnosis of the presence or absence of occlu-
sions, but also because it can predict procedural success, 
assess characteristics of occluded lesions, and real-time 
fusion imaging.25

Study Limitations
Our study has some limitations. First, we excluded many 
patients due to missing baseline variables, including patient 
demographics and medications at discharge. This may 
induce selection bias if the missing data were not missing 
completely at random. In addition, because 4,309 (85.1%) 
patients did not undergo a stress ECG, we classified these 
patients as those whose stress test results were negative, 
although past studies deemed these patients unmappable 
and were excluded. We might have introduced misclassifi-
cation bias if a patient was misclassified as “rarely appro-
priate” or “may be appropriate” even though they had 
moderate or severe myocardial ischemia. Our registry 
included only stress ECG results among non-invasive stress 
tests; stress echocardiography, single photon emission com-
puted tomography, and stress magnetic resonance imaging 
were not included. Therefore, non-invasive risk stratifica-
tion was performed according to the stress ECG results, 
LVEF, and wall motion. If additional non-invasive stress 
tests had been performed, the appropriateness ratings may 
have been different. In addition, findings of stress ECGs 
were recorded simply as positive/negative and detailed 
information was not available, therefore misclassification 
was possible. To mitigate the effect of missing information 
regarding drug use, we conducted sensitivity analyses. In 
the sensitivity analyses, more patients were classified to 
“appropriate” in the best-case scenario and “rarely appro-
priate” in the worst-case scenario than in the primary 
analysis. “Rarely appropriate” ratings in the best- and 
worst-case scenarios were very similar to the primary anal-
ysis, but a 10% difference was observed in the “appropri-
ate” rating between the best- and worst-case scenarios. 
Furthermore, we used the information about antianginal 
medication at discharge instead of those before CTO-PCI, 
because the registry did not include the information about 
drug usage before CTO-PCI. Then, it is possible that some 
patients might have stopped antianginal medications at 
discharge. It is necessary to record detailed information 
pertaining to non-invasive stress testing and antianginal 

tates greater use of contrast media and increased radiation 
exposure than non-CTO-PCI.4 In this study, patients with 
the following conditions were classified as “rarely appro-
priate”: those with 1 or 2-vessel disease without proximal 
LAD involvement and receiving the maximum number of 
(≥2) antianginal medications and those with ULMT lesions 
involving the bifurcation and a SYNTAX score >22.

In the present study, ≥80% of the “rarely appropriate” 
PCIs were conducted for 1- or 2-vessel disease, without 
proximal LAD disease, with minimal symptoms, subopti-
mal antianginal therapy, and low-risk findings on non-
invasive testing. The results of cases involving 1- or 2-vessel 
disease were similar to those of previous studies. In past 
studies involving not only CTO-PCI but PCI in general, 
71–91% of inappropriate PCIs were conducted for 1- or 
2-vessel disease.6,7,9 Similarly, the rate of “rarely appropri-
ate” PCIs was substantially different among operators, as 
past studies showed that the range of inappropriate PCI 
was 0–1% to 35–55% among institutions.6,7,9

Conversely, our study included a large number of patients 
with ULMT disease who were rated as “rarely appropriate”, 
which was different from the findings of earlier studies. The 
high rate of “rarely appropriate” ratings in patients with 
ULMT disease implies the difference of guideline and clin-
ical practice between countries. National Cardiovascular 
Data Registry CathPCI Registry in the US reported that 
PCI was performed in only 4.3% of ULMT disease cases 
between 2004 and 2008.14 Conversely, the CREDO-Kyoto 
PCI/CABG registry in Japan also reported that 36.3% of 
revascularizations for ULMT disease was by PCI between 
2005 and 2007.15 The discrepancy showed that PCI for 
ULMT disease is more common in Japan than in the US. 
In the present study, 29/98 (29.6%) patients with ULMT 
disease with bifurcation and a SYNTAX score of 23–32 
were classified to “rarely appropriate”. However, the 
European Society of Cardiology/European Association for 
Cardio-Thoracic Surgery guideline advocates PCI for ULMT 
disease with a SYNTAX score 23–32 in class IIa, although 
AUC 2017 rated these PCIs as “rarely appropriate”.16

A previous study from the United States showed that the 
rate of “rarely appropriate” PCI procedures decreased from 
2009 to 2014, but such a trend was not observed in the pres-
ent study.10 In the United States, feedback to the operators 
and financial incentives reduced the number of “rarely 
appropriate” PCI cases, but there is no similar feedback or 
incentive system in place in Japan.7 Therefore, a feedback 
or financial incentive model would also be useful in Japan 
to decrease the rate of “rarely appropriate” PCI cases.

Our results are consistent with those of previous studies 
that showed that the appropriateness of PCI was not asso-
ciated with the prognosis of patients.17,18 Similarly, results 
from the present study are consistent with 2 recent RCTs. 
As previously described, the DECISION-CTO trial, which 
randomized 834 patients from Asian countries in a 1 : 1 
ratio, showed that CTO-PCI did not decrease the rate of a 
composite of death, MI, stroke, or any revascularization 
compared to optimal medical therapy alone. In contrast, 
the EUROCTO trial (A Randomized Multicenter Trial to 
Evaluate the Utilization of Revascularization or Optimal 
Medical Therapy for the Treatment of Chronic Total 
Coronary Occlusions), which randomized 396 patients from 
European countries in a 2 : 1 ratio, showed that CTO-PCI 
improved the angina frequency and quality of life subscales 
in the Seattle angina questionnaire.11,19 The discrepancy 
between these 2 RCTs implies that CTO-PCI alleviates 
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medications to minimize the bias due to missing variables 
and misclassification in future studies. Second, our results 
may not be generalizable to general clinical practice, includ-
ing low-volume operators, because our database only 
included stringently selected operators. Third, our results 
could not be directly compared with those of previous stud-
ies using the 2009 or 2012 AUC because we used the 2017 
AUC in the present study. Hannan et al26 showed that the 
number of cases rated as “rarely appropriate/inappropriate” 
were lower in the 2017 AUC than in the 2012 AUC. If the 
patients in our study were rated according to the 2012 
AUC, it is possible that the number of patients rated as 
“rarely appropriate/inappropriate” would have increased. 
Finally, the fractional flow reserve value was not recorded 
in our database; however, this lack of information may not 
have resulted in bias because all the culprit lesions in this 
registry were CTO lesions.

Conclusions
In this study, approximately 13% of CTO-PCI were rated 
as “rarely appropriate”; however, the findings in this study 
should be interpreted with caution because for a large 
number of patients, there was no information on non-
invasive stress testing. It is essential to take greater efforts 
to assemble more detailed data and decrease the number 
of “rarely appropriate” cases in daily clinical practice.
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