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Abstract
Aims: We investigated the impact of the J-CTO score, a pre-procedural risk score for successful guidewire 
crossing within 30 minutes through chronic total occlusion (CTO) lesions, on procedural and midterm clini-
cal outcomes in terms of target lesion revascularisation (TLR) after CTO recanalisation.

Methods and results: The primary endpoint of this substudy was midterm TLR. The net midterm success 
rate was calculated by multiplying the lesion success rate by the TLR-free survival rate. The initial lesion 
success rates according to the J-CTO score categories of 0, 1, 2, and ≥3 were 97.0%, 92.1%, 86.5%, and 
73.6%, respectively (p<0.001). The TLR rates at one year according to the J-CTO score categories of 0, 
1, 2, and ≥3 were 5.3%, 11.1%, 16.7%, and 13.4%, respectively (p=0.082). The net midterm success rates 
according to the J-CTO score categories of 0, 1, 2, and ≥3 were 91.9%, 81.9%, 72.1%, and 63.7%, respec-
tively (p<0.001).

Conclusions: Patients with CTO lesions with lower J-CTO scores are expected to achieve a high proce-
dural success rate and an increased TLR-free survival rate. Patients with high J-CTO scores still remain an 
issue.
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Introduction
Successful percutaneous coronary intervention (PCI) for chronic 
total occlusion (CTO) is associated with improvement in quality 
of life and left ventricular function as well as a reduced need for 
coronary artery bypass grafting (CABG)1-7. In addition, obser-
vational studies have suggested improvement in the survival 
rates after successful PCI for CTO compared with unsuccessful 
PCI1-4,8.

Recently, we reported that the J-CTO score, a scale based on 
pre-procedural clinical and angiographic factors, could predict 
the probability of successful guidewire (GW) crossing of CTO 
lesions9. According to this study, CTO lesions with lower J-CTO 
scores were associated with a shorter GW manipulation time and 
higher procedural success rates. If a given CTO lesion is associ-
ated with a high procedural success rate and a high target lesion 
revascularisation (TLR)-free survival rate, it may be a good can-
didate for PCI. Therefore, we evaluated the impact of the J-CTO 
score on procedural outcome and TLR after CTO recanalisation.

Editorial, see page 974

Methods
STUDY POPULATION AND PROTOCOL
The J-CTO Registry is a multicentre, prospective, non-ran-
domised registry among 12 representative Japanese medical cen-
tres with experience in PCI for CTO, enrolling from April 2006 to 
November 2007 (Online Appendix 1). The inclusion/exclusion cri-
teria, the definition of CTO, the angiographic analysis of the target 
procedures, and the study design have already been described10. 
The current study population consisted of 528 CTO lesions in 498 
consecutive patients enrolled in the J-CTO Registry. Lesion suc-
cess was defined as the final percentage of diameter stenosis of 
<50% assessed by quantitative coronary angiography. Procedural 
success was defined as an achievement of lesion success without 
a composite of death, Q-wave myocardial infarction (MI), and 
TLR before hospital discharge. Successful recanalisation of the 
CTO was achieved in 457 CTO lesions in 437 patients (Figure 1).

528 lesions in 498 patients undergoing PCI
in the J-CTO Registry

457 lesions in 437 patients of successful PCI enrolled 
in this substudy (lesion success rate: 86.6%)

1-year follow-up
TLR(+): 52 lesions in 50 patients

TLR(–): 385 lesions in 368 patients

Lost to follow-up: 10 patients
All-cause death: 9 patients

Figure 1. Patient flow chart.

The institutional review board at each participating centre 
approved the study protocol, and written informed consent was 
obtained from all the study patients.

The antiplatelet agent regimen consisted of aspirin indefinitely 
and thienopyridine (200 mg ticlopidine or 75 mg clopidogrel daily) 
for at least six months after drug-eluting stent (DES) implantation 
and at least one month after bare metal stent (BMS) implantation 
or balloon angioplasty.

Coronary angiographic analysis was performed on the angio-
grams obtained by scheduled follow-up angiography between 
eight and 12 months after PCI. If unscheduled coronary angiog-
raphy was performed before eight months and resulted in TLR, 
the angiogram was included in the coronary angiographic analysis.

Baseline and follow-up data were recorded by clinical research 
coordinators from an independent clinical research organisa-
tion (Research Institute for Production Development, Kyoto, 
Japan) (Online Appendix 2). Follow-up data were obtained from 
the hospital charts or by contacting patients and/or the referring 
physicians.

STUDY ENDPOINTS AND DEFINITIONS
The definitions of pre-procedural and post-procedural characteris-
tics have been previously reported10. Qualitative and quantitative 
angiographic analyses were performed at Tokyo Core Analysis 
Laboratory located in Tokai University. The definition of the J-CTO 
score has already been described in detail9. In brief, we selected 
five variables (previously failed lesion, blunt type of entry, calcifi-
cation, bending, and occlusion length ≥20 mm), assigned one point 
to each variable, and summed up the points to obtain a total score 
for a lesion (J-CTO score). The J-CTO score was a grading scale of 
procedural difficulty predicting successful GW crossing within 30 
min, and was subdivided into four groups with J-CTO scores of 0, 
1, 2, and ≥3. GW manipulation time was defined as the time from 
the initial insertion of the GW into the coronary lumen to the suc-
cessful crossing of the GW through the lesion.

Angiographic binary restenosis of the target lesion was defined 
as a diameter stenosis of ≥50%. The primary endpoint measure 
for the midterm follow-up analysis was TLR at one year. The net 
midterm success rate was calculated by multiplying the lesion suc-
cess rate by the TLR-free survival rate. The secondary endpoint 
was a major adverse cardiac event comprising a composite of all-
cause death, myocardial infarction (MI), and TLR. TLR consisted 
of repeat PCI and CABG due to restenosis or reocclusion of the 
target lesion. MI was defined as the presence of new pathological 
Q-waves on the electrocardiogram, or as an increase in creatine 
kinase myocardial band level to ≥3-fold the upper limit of nor-
mal. Stent thrombosis was defined on the basis of the Academic 
Research Consortium definitions11.

STATISTICAL ANALYSIS
Categorical variables were expressed as numbers and percentages 
and were compared using the chi-square test. Continuous varia-
bles were presented as mean±standard deviation or median and 
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interquartile range. Continuous variables were compared using the 
Student’s t-test or the Wilcoxon rank-sum test for two-group com-
parisons and the Kruskal-Wallis test for four-group comparisons. 
Multiple lesions in a patient were assumed to be independent of 
each other. Cumulative incidence was determined using Kaplan-
Meier curves, and differences were assessed using the log-rank 
test. Multivariate analysis to evaluate independent risk factors for 
TLR using clinical, angiographic, and procedural variables was 
performed using forward stepwise logistic regression analysis. 
We used the 33 variables listed in Table 1 and Table 2 as poten-
tial independent variables. Logistic regression analysis using the 
factors associated with TLR (p<0.1) was performed to determine 
the independent risk factors for TLR. Using a logistic regression 
model, we minimised the influence of the timing of TLR. Eligible 
lesions for logistic regression analysis included the lesions with 
TLR within one year and those with complete follow-up but 
without TLR at one year. Independent risk factors for TLR were 
expressed as odds ratios and 95% confidence intervals. All statis-
tical analyses were performed with SPSS version 17.0 (SPSS Inc., 
Chicago, IL, USA). All reported p-values were two-sided, and 
p-values of <0.05 were considered to be statistically significant.

Results
PATIENTS, LESIONS, AND PROCEDURAL CHARACTERISTICS
At baseline, categories according to the J-CTO score (J-CTO 
scores of 0, 1, 2, and ≥3) were distributed evenly and consisted 
of 98 lesions, 128 lesions, 128 lesions, and 103 lesions, respec-
tively. Baseline patient characteristics were similar across the four 

categories of the J-CTO score, except for the significantly lower 
prevalence of multivessel disease in patients with a J-CTO score 
of ≥3 (Table 1). The GW manipulation time and the proportion of 
the retrograde approach increased proportionately with high J-CTO 
score categories (Table 2). The total number of each implanted DES 
type was as follows: sirolimus-eluting stents (697, 81%), paclitaxel-
eluting stents (155, 18%), and biolimus-eluting stents (13, 2%). Out 
of 65 lesions implanted with BMS, six were in large vessels (refer-
ence vessel diameter >4.0 mm) and 42 were in small vessels (ref-
erence vessel diameter <2.5 mm). In this registry, the initial lesion 
success rates according to the J-CTO score categories of 0, 1, 2, and 
≥3 were 97.0%, 92.1%, 86.5%, and 73.6%, respectively (p<0.001).

CLINICAL OUTCOMES
During the one-year follow-up period, 10 patients were lost to 
follow-up. The cumulative incidence of TLR was 11.4%. All-
cause death occurred in 10 patients, one of whom underwent TLR 
101 days later and died from a non-cardiac event 290 days later 
(Table 3, Figure 1). Cardiac death occurred in five patients, in two 
because of sudden death and in three because of unknown causes. 
Non-cardiac death occurred in five patients, two of whom died from 
stroke, one from chronic renal failure, one from renal carcinoma, 
and one from pneumonia. Discontinuation of thienopyridine within 
one year was observed in 32 (7.7%) out of the 413 patients after 
DES implantation, discontinuation of aspirin in two (0.5%), and 
both aspirin and thienopyridine in one (0.2%). Definite stent throm-
bosis was observed in one patient 19 days after DES implantation 
in spite of good adherence to dual antiplatelet therapy (Table 3).

Table 1. Patient characteristics for each category of the J-CTO score.

Overall population 
(n=457)

J-CTO score 0 
(n=98)

J-CTO score 1 
(n=128)

J-CTO score 2 
(n=128)

J-CTO score ≥3 
(n=103)

p-value

Age ≥75 years old 119 (26) 26 (27) 32 (25) 37 (29) 24 (23) 0.79

Male sex 374 (82) 74 (76) 101 (79) 107 (84) 92 (89) 0.057

Prior PCI 209 (46) 35 (36) 58 (45) 61 (48) 55 (53) 0.09

History of CABG 38 (8.3) 3 (3.1) 13 (10) 12 (9.4) 10 (9.7) 0.21

Low LVEF (≤40%) 62 (14) 6 (6.1) 17 (13) 22 (17) 17 (17) 0.08

History of heart failure 64 (14) 9 (9.2) 19 (15) 22 (17) 14 (14) 0.38

History of MI 206 (45) 40 (41) 57 (45) 57 (45) 52 (51) 0.58

Multivessel disease 295 (65) 59 (60) 90 (70) 91 (71) 55 (53) 0.014

Stroke 56 (12) 10 (10) 15 (12) 17 (13) 14 (14) 0.87

Haemodialysis 14 (3.1) 0 (0) 3 (2.3) 5 (3.9) 6 (5.8) 0.10

Hypertension 334 (73) 68 (69) 96 (75) 91 (71) 79 (77) 0.60

Dyslipidaemia on medication 247 (54) 48 (49) 71 (56) 70 (55) 58 (56) 0.72

Current smoker 91 (20) 24 (25) 22 (17) 23 (18) 22 (21) 0.51

Diabetes mellitus 194 (42) 41 (42) 58 (45) 55 (43) 40 (39) 0.80

Insulin-treated 58 (13) 8 (8.2) 19 (15) 15 (12) 16 (16) 0.36

Family history of IHD 64 (14) 15 (15) 18 (14) 14 (11) 17 (17) 0.64

Values are expressed as number (percentage). CABG: coronary artery bypass graft; CTO: chronic total occlusion; IHD: ischaemic heart disease; LVEF: left 
ventricular ejection fraction; MI: myocardial infarction; PCI: percutaneous coronary intervention
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The TLR rates at one year according to the J-CTO score cat-
egories of 0, 1, 2, and ≥3 were 5.3%, 11.1%, 16.7%, and 13.4%, 
respectively (p=0.082) (Figure 2). The TLR rates at one year 
according to the five categories of GW manipulation time (<10 min, 
10-30 min, 30-60 min, 60-90 min, and ≥90 min) were 7.2%, 9.9%, 
13.0%, 12.2%, and 22.4%, respectively (p=0.051) (Figure 3). In 
the retrograde approach, the TLR rate at one year showed no sig-
nificant differences compared with that in the antegrade approach 
alone group (16.3% vs. 10.6%, p=0.122). Combining the initial 
procedural lesion success rate and TLR-free survival rate of all 

lesions in this registry, the net midterm success rates according to 
the J-CTO score categories of 0, 1, 2, and ≥3 were 91.9%, 81.9%, 
72.1%, and 63.7%, respectively (p<0.001) (Figure 4).

UNIVARIATE AND MULTIVARIATE RISK FACTORS FOR TLR
The univariate correlates of TLR included diabetes mellitus, a his-
tory of heart failure, calcification, and proximal reference diame-
ter <2.5 mm. Using logistic regression analysis, diabetes mellitus, 
calcification, and proximal reference diameter <2.5 mm were 
identified as independent risk factors for TLR (Table 4).

Table 2. Lesion and procedural characteristics for each category of the J-CTO score.

Overall population 
(n=457)

J-CTO score 0 
(n=98)

J-CTO score 1 
(n=128)

J-CTO score 2 
(n=128)

J-CTO score ≥3 
(n=103)

p-value

Location of CTO <0.001

LCx 83 (18) 31 (32) 30 (23) 13 (10) 9 (8.7)

LAD 171 (37) 36 (37) 51 (40) 56 (44) 28 (27)

LMCA 3 (0.7) 0 (0) 0 (0) 2 (1.6) 1 (1.0)

RCA 200 (44) 31 (32) 47 (37) 57 (45) 65 (63)

In-stent restenosis 33 (7.2) 9 (9.2) 8 (6.3) 9 (7.0) 7 (6.8) 0.86

Previously failed (retry) lesion 37 (8.1) 0 (0) 4 (3.1) 7 (5.5) 26 (25) <0.001

Qualitative and 
quantitative 
coronary 
assessment

Ostial location 49 (11) 4 (4.1) 6 (4.7) 19 (15) 20 (19) <0.001

Side branches (within 3 mm from the entry) 358 (78) 74 (76) 92 (72) 108 (84) 84 (82) 0.072

CTO entry type, blunt stump 167 (37) 0 (0) 38 (30) 55 (43) 74 (72) <0.001

Calcification 232 (51) 0 (0) 55 (43) 85 (66) 92 (89) <0.001

Bridge collateral 98 (21) 17 (17) 23 (18) 31 (24) 27 (26) 0.28

Bending >45º 196 (43) 0 (0) 17 (13) 83 (65) 96 (93) <0.001

Occlusion length, mm 12.6±12.4 5.8±4.6 9.7±9.6 13.9±12.1 20.9±15.7 <0.001

Occlusion length ≥20 mm 88 (19) 0 (0) 14 (11) 26 (20) 48 (47) <0.001

Rentrop collateral grade 3 394 (86) 91 (93) 118 (92) 107 (84) 78 (76) <0.001

Reference diameter (proximal only), mm 2.9±0.7 2.8±0.7 2.9±0.7 2.9±0.7 3.2±0.7 0.024

DES only 375 (82) 81 (93) 101 (79) 112 (88) 81 (79) 0.23

BMS use 65 (14) 10 (10) 23 (18) 12 (11) 20 (19) 0.057

Stent length by QCA, mm 48.6±24.6 50.8±26.0 48.4±22.3 55.7±29.4 64.5±31.7 0.046

Use of intravascular ultrasound 189 (41) 47 (48) 45 (35) 55 (43) 42 (41) 0.27

GW manipulation 
time

<10 min 100 (22) 43 (44) 34 (27) 17 (13) 6 (5.8) <0.001

10-30 min 149 (33) 43 (44) 54 (42) 38 (30) 14 (14) <0.001

30-60 min 104 (23) 8 (8.2) 25 (20) 43 (34) 28 (27) <0.001

60-90 min 43 (9.4) 2 (2.0) 6 (4.7) 16 (13) 19 (18) <0.001

≥90 min 61 (13) 2 (2.0) 9 (7.0) 14 (11) 36 (35) <0.001

Selected GW 
strategies

Antegrade single 269 (59) 80 (82) 86 (67) 74 (58) 29 (28) <0.001

Antegrade parallel 85 (19) 14 (14) 26 (20) 23 (18) 22 (21) 0.57

Retrograde procedure 103 (23) 4 (4.1) 16 (13) 31 (24) 52 (50) <0.001

Final QCA Reference vessel diameter, mm 2.7±0.5 2.6±0.5 2.6±0.5 2.6±0.5 2.8±0.5 0.006

Minimum lumen diameter, mm 2.2±0.4 2.2±0.4 2.1±0.4 2.2±0.4 2.3±0.4 0.063

Diameter stenosis, % 16.6±9.9 14.4±8.9 16.9±11.0 16.4±9.5 18.4±9.1 0.025

Total contrast volume, ml 307±147 264±120 289±131 314±148 364±171 <0.001

Total fluoroscopic time, min 51.7±37.2 33.9±24.6 44.0±29.8 55.2±33.7 74.3±46.9 <0.001

Values are expressed as mean±SD or as number (percentage).  BMS: bare metal stent; CTO: chronic total occlusion; DES: drug-eluting stent; GW: guidewire; LAD: left anterior descending 
coronary artery; LCx: left circumflex coronary artery; LMCA: left main coronary artery; QCA: quantitative coronary angiography; RCA: right coronary artery
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Table 3. Adverse events during one-year follow-up.

All-cause death 10 (2.3)

Cardiac death 5 (1.1)

Q-wave MI 2 (0.5)

TLR 50 (11.4)

TVR without TLR 21 (4.8)

CABG 1 (0.2)

Definite/probable stent thrombosis 1 (0.2)

Values are expressed as number (percentage). CABG: coronary artery 
bypass graft; MI: myocardial infarction; TLR: target lesion 
revascularisation; TVR: target vessel revascularisation

   Lesion TLR-free Net midterm 
 J-CTO score Lesions success rate survival rate success rate
 0 101 97.0% 94.7% 91.9%

 1 139 92.1% 88.9% 81.9%

 2 148 86.5% 83.3% 72.1%

 ≥3 140 73.6% 86.6% 63.7%

Figure 4. The differences in lesion success, TLR-free survival, and 
net midterm success rates across the J-CTO score categories. The 
net midterm success rate was calculated by multiplying the lesion 
success rate by the TLR-free survival rate. TLR: target lesion 
revascularisation

Table 4. Univariate and multivariate analyses of one-year target lesion revascularisation.

Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Diabetes mellitus 2.19 (1.22-3.95) 0.009 2.14 (1.17-3.94) 0.014

Calcification 1.98 (1.08-3.61) 0.027 1.97 (1.06-3.67) 0.032

Proximal reference diameter <2.5 mm 1.83 (1.00-3.35) 0.049 1.90 (1.02-3.55) 0.043

BMS use 1.90 (0.94-3.85) 0.076 1.62 (0.78-3.39) 0.199

History of heart failure 2.04 (1.00-4.13) 0.049 1.58 (0.75-3.34) 0.228

Occlusion length ≥20 mm 1.65 (0.85-3.20) 0.139 – –

Bending >45º 1.27 (0.71-2.26) 0.423 – –

CTO entry type, blunt stump 1.20 (0.67-2.17) 0.542 – –

Previously failed lesion 0.42 (0.10-1.81) 0.246 – –

BMS: bare metal stent; CI: confidence interval; CTO: chronic total occlusion; OR: odds ratio
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Figure 2. The cumulative incidences of TLR at one-year follow-up 
after successful PCI for CTO lesions according to the J-CTO score 
categories. CTO: chronic total occlusion; PCI: percutaneous 
coronary intervention; TLR: target lesion revascularisation
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Figure 3. The cumulative incidences of TLR at one-year follow-up 
after successful PCI for CTO lesions according to the GW 
manipulation time categories. CTO: chronic total occlusion; GW: 
guidewire; PCI: percutaneous coronary intervention; TLR: target 
lesion revascularisation

ANGIOGRAPHIC AND CLINICAL OUTCOMES OF CTO 
LESIONS TREATED WITH DES
Within subgroup analysis, we assessed angiographic and clinical 
outcomes at one year after DES implantation. Baseline charac-
teristics are summarised in Online Table 1 and Online Table 2. 
Of 375 lesions after DES implantation, angiographic follow-up at 
≥6 months was performed in 240 lesions in 227 patients (64.0%) 
at a median of 252 days (interquartile range, 235-281 days). 
Angiographic binary restenosis was observed in 45 lesions 
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(18.8%). The angiographic binary restenosis rate of patients in 
whom intravascular ultrasound (IVUS) was used showed no sig-
nificant differences compared with that of no IVUS (20.4% vs. 
17.5%, p=0.618). Univariate and multivariate correlates of in-
stent restenosis included family history, calcification, and occlu-
sion length ≥20 mm (Online Table 3).

According to the J-CTO score categories of 0, 1, 2, and ≥3, 
the TLR rates at one year were 3.9%, 12.0%, 16.2%, and 10.3%, 
respectively (p=0.080). The TLR rates at one year augmented with 
increasing GW manipulation time. Moreover, the TLR rates at one 
year according to the five categories of GW manipulation time 
(<10 min, 10-30 min, 30-60 min, 60-90 min, and ≥90 min) were 
6.2%, 9.2%, 11.4%, 11.9%, and 23.4%, respectively (p=0.037). 
The multivariate correlates of TLR after DES implantation 
included diabetes mellitus, calcification, and occlusion length 
≥20 mm (Online Table 3).

Discussion
In this substudy, we investigated the impact of the J-CTO score 
on procedural outcome and TLR after CTO recanalisation. The 
main findings of this study are as follows: 1) the TLR rate aug-
mented with increasing GW manipulation time, and 2) CTO 
lesions with lower J-CTO scores were associated with a high 
TLR-free survival rate and a high procedural success rate with 
a short GW manipulation time, resulting in an elevated net mid-
term success rate.

A meta-analysis showed that the introduction of DES, compared 
with BMS, has significantly decreased the restenosis rate and 
target vessel revascularisation after PCI for CTO12. Furthermore, 
Valenti et al13 reported that everolimus-eluting stents were asso-
ciated with a very high patency rate, and a meta-analysis showed 
that second-generation DES were associated with improved 
angiographic and clinical outcomes compared to first-genera-
tion DES14. Kato et al15 reported that the TLR rate after siroli-
mus-eluting stent implantation was significantly higher in CTO 
lesions than in non-CTO lesions. However, there are few data 
on the specific factors of TLR in patients who underwent DES 
implantation for CTO lesions, compared with those who under-
went DES implantation for non-CTO lesions. GW manipulation 
time is one of the procedural differences between CTO recanali-
sation and non-CTO: it is a unique aspect limited to CTO recana-
lisation due to lesion complexity. In our study, GW manipulation 
time correlates with lesion complexity based on the J-CTO score, 
and the TLR rates increased proportionately with GW manip-
ulation time. Recently, the introduction of new strategies such 
as the parallel wire technique and the retrograde approach has 
contributed to the improvement of procedural success rates16-18. 
Syrseloudis et al19 reported that advanced CTO techniques and 
equipment have resulted in an increase in the successful treat-
ment of highly complex lesions according to the J-CTO score, 
but the total success rate did not substantially improve for the 
increased treatment of complex lesions. Nombela-Franco et al20 
reported that the J-CTO score helps to predict the complexity of 

CTO recanalisation but it is not associated with the final suc-
cess rate. The GW manipulation time and the procedural success 
rate may be enhanced by the development of new devices and 
techniques or the operator’s experience. However, lesion com-
plexity may affect clinical outcomes after CTO recanalisation 
regardless of the procedural differences. In our study, the retro-
grade approach was not associated with TLR despite being used 
for highly complex lesions. Thus, the presence of calcification 
and occlusion length ≥20 mm especially affected both the pro-
cedure and TLR of a CTO lesion treated with DES. If a lesion 
has a lower J-CTO score, it is expected to achieve both a high 
procedural success rate with short GW manipulation time and 
an increased TLR-free survival rate; however, diabetes mellitus 
remained an independent risk factor for TLR.

Study limitations
This study has several limitations. First, the decision to perform 
TLR was left to the individual operators in each participating 
centre, and it was largely dependent on the preferences of each 
patient and attending physician. Moreover, the relatively high rate 
of angiographic follow-up could have increased the TLR rate, 
which might have resulted in the risk of TLR in the proximal ref-
erence diameter <2.5 mm. Second, the clinical outcomes of the 
second-generation DES may differ from those of the first-genera-
tion DES which were predominantly used in this study. Finally, to 
predict the net long-term success beyond one year, further correc-
tion using additional factors may be needed.

Conclusions
Patients with CTO lesions with lower J-CTO scores are expected 
to achieve a high procedural success rate with a short GW manip-
ulation time and an increased TLR-free survival rate, resulting in 
an elevated net midterm success rate; however, patients with high 
J-CTO scores still remain an issue.

Impact on daily practice
A lesion with a high J-CTO score still remains an issue. The 
presence of calcification and an occlusion length ≥20 mm 
especially affect both the procedure and TLR of a CTO lesion 
treated with DES. To lower the TLR rate for these lesions, it is 
necessary to consider further strategies of PCI for CTO.
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Online Table 1. Patient characteristics for each category of the J-CTO score in a CTO lesion treated with DES.

Overall population 
(n=375)

J-CTO score 0 
(n=81)

J-CTO score 1 
(n=101)

J-CTO score 2 
(n=112)

J-CTO score ≥3 
(n=81)

p-value

Age ≥75 years old 100 (27) 21 (26) 26 (26) 34 (30) 19 (23) 0.74

Male sex 317 (85) 64 (79) 84 (83) 93 (83) 76 (94) 0.056

Prior PCI 167 (45) 28 (35) 43 (43) 53 (47) 43 (53) 0.10

History of CABG 29 (7.7) 3 (3.7) 8 (7.9) 10 (8.9) 8 (9.9) 0.46

Low LVEF (≤40%) 50 (13) 6 (7.4) 11 (11) 20 (18) 13 (16) 0.14

History of heart failure 48 (13) 9 (11) 11 (11) 18 (16) 10 (12) 0.65

History of MI 167 (45) 34 (42) 42 (42) 52 (46) 39 (48) 0.76

Multivessel disease 241 (64) 48 (59) 70 (69) 80 (71) 43 (53) 0.03

Stroke 50 (13) 9 (11) 14 (14) 15 (13) 12 (15) 0.91

Haemodialysis 11 (2.9) 0 (0) 2 (2.0) 5 (4.5) 4 (4.9) 0.18

Hypertension 274 (73) 57 (70) 74 (73) 80 (71) 63 (78) 0.71

Dyslipidaemia on medication 198 (53) 37 (46) 56 (55) 60 (54) 45 (56) 0.53

Current smoker 79 (21) 22 (27) 17 (17) 20 (18) 20 (25) 0.24

Diabetes mellitus 151 (40) 31 (38) 43 (43) 48 (43) 29 (36) 0.72

Insulin-treated 46 (12) 7 (8.6) 13 (13) 15 (13) 11 (14) 0.73

Family history of IHD 53 (14) 12 (15) 15 (15) 12 (11) 14 (17) 0.61

Values are expressed as number (percentage). CABG: coronary artery bypass graft; CTO: chronic total occlusion; IHD: ischaemic heart disease; 
LVEF: left ventricular ejection fraction; MI: myocardial infarction; PCI: percutaneous coronary intervention
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Online Table 2. Lesion and procedural characteristics for each category of the J-CTO score in a CTO lesion treated with DES.

Overall population 
(n=375)

J-CTO score 0 
(n=81)

J-CTO score 1 
(n=101)

J-CTO score 2 
(n=112)

J-CTO score ≥3 
(n=81)

p-value

Location of CTO <0.001

LCx 55 (15) 19 (23) 20 (20) 10 (8.9) 6 (7.4)

LAD 144 (38) 33 (41) 41 (41) 48 (43) 22 (27)

LMCA 3 (0.8) 0 (0) 0 (0) 2 (1.8) 1 (1.2)

RCA 173 (46) 29 (36) 40 (40) 52 (46) 52 (64)

In-stent restenosis 28 (7.5) 7 (8.6) 8 (7.9) 7 (6.3) 6 (7.4) 0.93

Previously failed (retry) lesion 32 (8.5) 0 (0) 3 (3.0) 7 (6.3) 22 (27) <0.001

Qualitative and 
quantitative 
coronary 
assessment

Ostial location 44 (12) 4 (4.9) 5 (5.0) 17 (15) 18 (22) <0.001

Side branches (within 3 mm from the entry) 292 (78) 61 (75) 72 (71) 94 (84) 65 (80) 0.14

CTO entry type, blunt stump 135 (36) 0 (0) 31 (31) 48 (43) 56 (69) <0.001

Calcification 190 (51) 0 (0) 42 (42) 76 (68) 72 (89) <0.001

Bridge collateral 87 (23) 14 (17) 21 (21) 28 (25) 24 (30) 0.26

Bending >45º 161 (43) 0 (0) 13 (13) 72 (64) 76 (94) <0.001

Occlusion length, mm 12.8±12.6 6.0±4.8 10.5±10.2 13.7±12.2 21.1±16.1 <0.001

Occlusion length ≥20 mm 71 (19) 0 (0) 12 (12) 21 (19) 38 (47) <0.001

Rentrop collateral grade 3 321 (86) 76 (94) 92 (91) 93 (83) 60 (74) 0.001

Reference diameter (proximal only), mm 3.0±0.7 2.9±0.7 2.9±0.7 2.9±0.7 3.2±0.7 0.04

Stent length by QCA, mm 53.4±27.2 50.6±26.2 46.4±22.3 55.9±29.6 61.3±28.2 0.003

Use of intravascular ultrasound 166 (44) 43 (53) 40 (40) 48 (43) 35 (43) 0.31

GW manipulation 
time

<10 min 83 (22) 36 (44) 28 (28) 15 (13) 4 (4.9) <0.001

10-30 min 127 (34) 36 (44) 46 (46) 35 (31) 10 (12) <0.001

30-60 min 83 (22) 5 (6.2) 18 (18) 38 (34) 22 (27) <0.001

60-90 min 34 (9.1) 2 (2.5) 4 (4.0) 12 (11) 16 (20) <0.001

≥90 min 48 (13) 2 (2.5) 5 (5.0) 12 (11) 29 (36) <0.001

Selected GW 
strategies

Antegrade single 226 (60) 66 (81) 72 (71) 66 (59) 22 (27) <0.001

Antegrade parallel 68 (18) 11 (14) 19 (19) 21 (19) 17 (21) 0.65

Retrograde procedure 81 (22) 4 (4.9) 10 (9.9) 25 (22) 42 (52) <0.001

Final QCA Reference vessel diameter, mm 2.7±0.5 2.7±0.5 2.6±0.5 2.7±0.5 2.8±0.5 0.07

Minimum lumen diameter, mm 2.3±0.4 2.3±0.4 2.2±0.4 2.2±0.4 2.3±0.4 0.25

Diameter stenosis, % 16.1±9.6 14.2±9.2 16.3±10.7 16.1±9.6 17.8±8.5 0.10

Total contrast volume, ml 307±146 266±125 275±112 314±150 377±169 <0.001

Total fluoroscopic time, min 50.5±36.6 34.1±25.7 39.2±23.0 54.4±33.6 75.4±47.7 <0.001

Values are expressed as mean±SD or as number (percentage). CTO: chronic total occlusion; DES: drug-eluting stent; GW: guidewire; LAD: left anterior descending coronary artery; LCx: left 
circumflex coronary artery; LMCA: left main coronary artery; QCA: quantitative coronary angiography; RCA: right coronary artery
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Online Table 3. Univariate and multivariate analyses of angiographic binary restenosis and target lesion revascularisation of a CTO 
lesion treated with DES.

Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Angiographic binary restenosis

Family history of IHD 3.20 (1.46-6.99) 0.009 3.14 (1.40-7.06) 0.006

Occlusion length ≥20 mm 2.46 (1.19-5.06) 0.015 2.39 (1.13-5.08) 0.023

Calcification 2.18 (1.12-4.24) 0.022 2.22 (1.12-4.42) 0.023

Previously failed lesion 2.62 (0.73-9.37) 0.138 – –

Proximal reference diameter <2.5 mm 1.45 (0.72-2.92) 0.297 – –

CTO entry type, blunt stump 0.71 (0.35-1.42) 0.327 – –

Bending >45º 0.91 (0.47-1.78) 0.784 – –

Target lesion revascularisation

Diabetes mellitus 2.55 (1.30-4.99) 0.006 2.25 (1.12-4.52) 0.023

Occlusion length ≥20 mm 2.38 (1.16-4.91) 0.019 2.16 (1.01-4.62) 0.046

Calcification 1.92 (0.97-3.80) 0.063 2.09 (1.01-4.32) 0.046

Family history of IHD 2.21 (1.01-4.86) 0.047 1.92 (0.84-4.41) 0.125

In-stent restenosis 2.66 (1.00-7.07) 0.050 2.22 (0.76-6.47) 0.143

History of heart failure 2.30 (1.01-5.21) 0.046 1.83 (0.77-4.34) 0.169

Proximal reference diameter <2.5 mm 1.29 (0.63-2.66) 0.488 – –

Bending >45º 1.13 (0.58-2.18) 0.722 – –

CTO entry type, blunt stump 0.95 (0.48-1.89) 0.888 – –

Previously failed lesion 0.53 (0.12-2.31) 0.398 – –

CI: confidence interval; CTO: chronic total occlusion; DES: drug-eluting stent; IHD: ischaemic heart disease; OR: odds ratio


