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Background: Data regarding outcomes of percutaneous coronary intervention (PCI) in patients with 
chronic total occlusion (CTO) is still limited. Our aim was to evaluate clinical outcomes in patients after 
successful CTO PCI when compared to patients with failed PCI.
Methods: The cohort study enrolled 145 eligible patients with attempted PCI of CTO. Detailed baseline 
clinical and procedural data, and in-hospital complications were analyzed. The primary end point was 
occurrence of major adverse cardiac events (MACE). 
Results: Median follow-up was 11.49±2.01 months. Successful revascularization was associated with a 
significantly lower 1-year MACE compared to failed revascularization [hazard ratio (HR): 0.026; 95% 
confidence interval (CI): 0.004–0.176; P=0.0002]. A J-CTO score of ≥3 was associated with a significantly 
higher 1-year MACE compared with a J-CTO score of <3 in patients undergoing PCI (HR: 4.819; 95% CI: 
1.463–15.870; P=0.0097). Moreover, in patients with a J-CTO score ≥3, success of CTO PCI was associated 
with significantly lower risk of 1-year MACE than failure of CTO revascularization (HR: 0.114; 95% CI: 
0.023–0.569; P=0.0081). Multivariate analysis identified the J-CTO score (HR: 2.10; 95% CI: 1.09–4.04; 
P=0.026) as a positive predictor, and the success of CTO PCI (HR: 0.17; 95% CI: 0.05–0.59; P=0.005) as a 
negative significant independent predictor of MACEs.
Conclusions: Among patients with CTOs, high J-CTO score was independently associated with worse 
clinical outcomes. Furthermore, successful PCI was associated with a lower risk of midterm MACE 
compared with failed revascularization of CTOs.
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Introduction

Chronic coronary total occlusions (CTOs) are found 
in  15–25% of  a l l  pat ients  re ferred for  coronary  
angiography (1). Although percutaneous coronary 
intervention (PCI) is one of the more common treatment 
options for patients with coronary CTOs, the clinical 
benefits of CTO PCI have remained controversial given 
the conflicting findings from several studies. For instance, 
a newly-published European randomized controlled 
trial (RCT) showed that at 12-month follow-up, CTO 
recanalization led to a significant improvement of health 
status in patients with stable angina (2). Additionally, several 
large observational studies that compared the outcomes of 
CTO PCI with no revascularization suggested both the 
short-term and long-term survival benefit of successful PCI 
in CTO (3-10). 

In contrast, there is evidence from several studies which 
challenges the consensus that CTO PCI is unconditionally 
advantageous. One recent example of this is a large RCT 
presented at the 2017 American College of Cardiology 
(ACC) meeting (11), which demonstrated CTO PCI plus 
optimal medical therapy (OMT) was not superior to OMT 
alone in reducing cardiovascular outcomes at 3-year follow-
up. Similarly, a Dutch RCT involving patients with ST-
elevation myocardial infarction (STEMI) with a concurrent 
CTO showed that CTO PCI was not associated with 
a reduction in long-term major adverse cardiac events 
(MACE) compared to CTO-No PCI (12). Furthermore, in 
a few observational studies, CTO PCI was not associated 
with reduction in mortality (13,14). However, it is essential 
to account for the discrepancy among included studies 
in regards to differences in patient population, different 
CTO grading, and various PCI approaches. Unfortunately, 
data detailing outcomes of PCI in patients with different 
difficulty grading lesions is limited. Therefore, we aimed 
to conduct a prospective study in order to evaluate clinical 
outcomes in patients with J-CTO (Multicenter CTO 
Registry in Japan) score ≥3 after CTO PCI.

Methods

Study population

A total of 145 consecutive patients treated with PCI were 
enrolled in our center from August 2016 to March 2017 for 
at least 1 CTO. Eligible patients were those who were at 
least 18 years of age and met the indication for PCI of CTO, 

which was based on the presence of anginal symptoms and/
or evidence of reversible myocardial ischemia on perfusion 
imaging or on stress testing. Patients were not enrolled if 
they were more than 85 years of age, because such patients 
are at higher risk due to multiple comorbidities. Patients 
were also not enrolled if they met any exclusion criteria for 
implantation of drug-eluting stents (DES) (e.g., patients 
with severe hemorrhagic diseases or patients who cannot 
be on dual antiplatelet therapy). Baseline demographic, 
clinical, angiographic, and procedural data, along with in-
hospital outcome data of the enrolled patients were entered 
into our clinical database. Patient follow-up was performed 
either by a clinical visit or by a telephone interview at  
1 year after PCI. All information was collected by physicians 
through the revision of clinical source documentation. The 
study was performed in accordance with the Declaration 
of Helsinki, approved by the relevant authorities, and all 
patients provided written informed consent.

Definitions and study endpoints

Coronary CTOs were defined as angiographic evidence of 
total occlusions with Thrombolysis in Myocardial Infarction 
(TIMI) flow grade 0 and an estimated duration of at least 
3 months (15). The estimates for the duration of occlusion 
were clinically based on the onset of symptoms or timing of 
myocardial infarction (MI) in the CTO related artery. The 
complexity of CTO lesion was assessed by J-CTO score (0= 
easy, 1= intermediate, 2= difficult, ≥3= very difficult) (16). 
Success of CTO PCI was defined as angiographic success 
(final residual stenosis <20% by visual estimation and 
TIMI flow grade 3 after CTO recanalization). Coronary 
perforation, collateral perforation, concurrent pericardial 
tamponade and stent thrombosis (ST) were recorded 
as procedural complications. In-hospital events were 
considered as death, periprocedural MI, urgent target vessel 
revascularization (TVR) [including coronary artery bypass 
grafting (CABG) or re-PCI] and proven periprocedural 
cerebrovascular events. At follow-up, MACE was defined 
as the composite of death from any cause, non-fatal MI, 
and need of TVR. Criteria for MI were taken from the 
Fourth Edition of the Universal Definition of Myocardial 
Infarction (17). ST was defined according to the Academic 
Research Council criteria (18). The primary endpoint was 
the frequency of MACE at 12 months. The secondary 
endpoint was rehospitalization for cardiovascular reasons 
(angina aggravation or heart failure). 
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PCI procedures

All patients received optimal dual antiplatelet therapy before 
and after PCI according to operators’ preference. Patients 
received an initial bolus of intravenous unfractioned 
heparin (150 IU/kg). The activated clotting time (ACT) was 
monitored every 30 minutes to determine if an additional 
bolus of unfractioned heparin was necessary to maintain 
an ACT of >300 seconds. J-CTO score incorporates 5 
baseline clinical and angiographic CTO parameters into 
a 5-point scoring system to assess the difficulty of CTO 
crossing. One point is given for each of the following 
factors that were associated with a lower probability of 
successful guide wire crossing within 30 minutes: blunt 
stump, calcification, within lesion bending >45°, occlusion 
length ≥20 mm, and prior failed attempt to revascularize 
the CTO (8). Choice of CTO revascularization strategy 
via the anterograde or the retrograde approach, choice of 
guidewires, microcatheters, and CTO crossing equipment 
and techniques were at the discretion of the individual 
operators. Several guidewire techniques were used, 
including the parallel-wires technique, the intravascular 
ultrasound–guided wiring technique, subintimal tracking 
and re-entry (STAR) technique, and variations of 
retrograde wiring through collateral vessels, such as kissing 
wires, the knuckle technique, and the reverse controlled 
anterograde retrograde tracking (CART) techniques. Only 
newer-generation DES were implanted (everolimus or 
zotarolimus). In case of PCI failure, medical therapy was 
chosen according to the clinical need.

Statistical analysis

Clinical characteristics, angiographic features, and in-
hospital and follow-up events were reported through 
standard descriptive analyses for large samples and were 
assumed to follow a normal distribution. Discrete variables 
were reported as counts (percentages) and continuous 
variables as mean ± SD. For discrete variables, depending on 
which test was appropriate, we tested differences between 
groups with either the χ2 test or the Fisher’s exact test. We 
used the two-tailed t-test to compare continuous variables. 
We assessed the difference in the incidence of MACE 
between the strata defined by success/failure of CTO and 
by J-CTO score <3 vs. J-CTO score ≥3, based on the log-
rank statistic and a significance level of P=0.05. Cumulative 
MACE-free rates were calculated and graphically described 
according to the Kaplan-Meier method. We derived hazard 

ratios (HRs) with associated 95% confidence intervals (CIs) 
from the multivariable Cox proportional hazards model to 
determine the independent predictors of midterm MACE 
occurrence. Given the number of events available, variables 
for inclusion were carefully chosen to ensure parsimony 
of the final model. Baseline variables with P values <0.20 
on univariate analysis or, that were judged to be of clinical 
importance from previous published research despite P 
values >0.20, were entered into the model. Two-tailed 
P values <0.05 were considered to indicate statistically 
significant differences for all analyses performed. All 
statistical analyses were performed using the SPSS software 
package, version 20.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline clinical and angiographic characteristics

Between August 2016 and March 2017, a total of 170 
consecutive patients at our center were screened, of whom 25 
were excluded due to refusal for enrollment. A total of 145 
patients fulfilled the inclusion criteria and underwent CTO 
PCI (Figure 1). Overall, the mean age was 61.9±9.6 years, and 
91% were males. All baseline patient clinical characteristics 
(Table 1), organized according to procedural success or 
failure of PCI, were similar between the two groups. 
Baseline lesion characteristics are described in Table 1. 
Most CTOs were in the right coronary artery (54.5%), 
followed by the left anterior descending (28.3%) and 
circumflex arteries (15.9%). Lesion characteristics were 
similar between the groups except for a higher proportion 
of bending >45°, blunt proximal cap, and J-CTO score  
≥3 lesions in the failure CTO PCI group. Furthermore, 
J-CTO scores were statistically higher in patients with 
failed CTO PCI (3.67±0.77 vs. 2.87±1.19; P=0.006). 

Procedural complications and in-hospital outcomes

Successful PCI of CTO was achieved in 127 (87.6%) 
patients. Table 2 reports procedural complications and in-
hospital outcomes of patients with successful CTO PCI 
and failure CTO PCI. Overall, procedural complications 
occurred in 9 (6.2%) patients. Coronary perforation was 
significantly more common after failed recanalization of 
CTO than after successful recanalization (P=0.021). In-
hospital events were infrequent in the CTO cohort. One 
patient who underwent successful PCI of a right coronary 
artery CTO developed ST-segment elevation MI the 
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following day, and underwent an urgent PCI with favorable 
outcome. The retrograde approach was applied in 36.2% of 
successful procedures. All complications were managed in a 
timely manner, without periprocedural death.

Clinical events during 12 months

Among the study population, data on midterm follow-
up were available in 137 patients (94.5%). Eight patients 
dropped-out at 6 months due to a loss of contact (phone 
number expired). The mean clinical follow-up period was 
11.49±2.01 months. Overall, MACEs occurred in 12 patients 
(8.8%) (Table 2). During follow-up, 5 (3.6%) patients died; 
of these, 3, 1, and 1 patient died of cardiovascular cause, 
lung cancer, and traffic accident, respectively. The rate of 
further revascularization, either percutaneously or surgically, 
was 2.2%. In comparison with patients with failed CTO 
PCI, successfully revascularized patients showed lower rates 
of all-cause death (13.3% vs. 2.5%, respectively; P=0.034) 
and overall MACEs (26.7% vs. 6.6%, respectively; P=0.009) 
(Table 2). Furthermore, successful revascularization was 
associated with a significantly lower 1-year mortality rate 
than failed revascularization (HR: 0.485; 95% CI: 0.003–

0.817; P=0.0357) (Figure 2A).

Recanalization and clinical outcomes

Successful revascularization was associated with a 
significantly lower 1-year MACE rate than failed 
revascularization (HR: 0.026; 95% CI: 0.004–0.176; 
P=0.0002) (Figure 2B).

J-CTO score and clinical outcomes

J-CTO score ≥3 was associated with a significantly higher 
1-year MACE rate than J-CTO score <3 in patients 
undergoing PCI (HR: 4.819; 95% CI: 1.463–15.870, 
P=0.0097) (Figure 2C). Moreover, in patients with J-CTO 
score ≥3, success of CTO PCI was associated with a 
significantly lower 1-year MACE rate than failure of 
CTO PCI (HR: 0.114; 95% CI: 0.023–0.569; P=0.0081)  
(Figure 2D). Figure 3 summarizes the outcomes after 
adjustment for possible clinical confounders using the 
multivariate Cox regression model, which included the 
following clinical and angiographic variables: current 
smoker, diabetes mellitus, J-CTO score, and successful 

 170 consecutive CTO patients were assessed for 

eligibility between 08/2016 and 03/2017

Procedural, in-hospital and midterm outcomes were analyzed 

145 were enrolled and underwent PCI 

25 were ineligible

Success

N=127

Failure 

N=18

Anterograde 

approach

N=81

Retrograde 

approach

N=46

5 lost to follow-up 3 lost to follow-up

Figure 1 Study flowchart of CTO PCI. CTO, chronic total occlusion; PCI, percutaneous coronary intervention.
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Table 1 Baseline clinical and angiographic characteristics of patients with success CTO PCI and failure CTO PCI

Characteristics Success CTO (n=127) Failure CTO (n=18) P value

Age, years 61.76±9.52 63.95±9.84 0.854

Male 116 (91.3) 16 (88.9) 0.734

Current smoker 29 (22.8) 3 (16.7) 0.280

History of MI 25 (19.7) 3 (16.7) 0.761

Hypertension 71 (55.9) 8 (44.4) 0.361

Diabetes mellitus 42 (33.1) 8 (44.4) 0.342

Dyslipidemia 49 (38.6) 8 (4.4) 0.634

Baseline creatinine, μmol/L 95.24±47.14 96.19±30.00 0.934

Cholesterol total, μmol/L 4.35±1.26 4.27±1.09 0.792

Triglyceride, μmol/L 2.14±2.01 1.81±2.00 0.499

HDL, μmol/L 0.95±0.23 1.00±0.24 0.399

LDL, μmol/L 2.84±0.86 2.80±0.83 0.832

Left ventricular ejection fraction, % 54.26±11.26 57.27±12.21 0.404

CTO target vessel 0.180

Right coronary artery 71 (55.9) 8 (44.4)

Left anterior descending artery 37 (29.1) 4 (22.2)

Left circumflex artery 17 (13.4) 6 (33.3)

Left main artery 2 (1.6) 0 (0.0)

Blunt proximal cap 84 (66.1) 18 (100.0) 0.008

Calcification (moderate/severe) 63 (49.6) 12 (66.7) 0.175

Visual length >20 mm 95 (74.8) 13 (72.2) 0.814

Bending >45° 60 (47.2) 15 (83.3) 0.009

Prior failure to open CTO 39 (30.7) 3 (16.7) 0.446

J-CTO score mean 2.87±1.19 3.67±0.77 0.006

J-CTO score 0.020

0 0 (0.0) 0 (0.0)

1 19 (15.0) 0 (0.0)

2 29 (22.8) 1 (5.6)

≥3 79 (62.2) 17 (94.4)

Retrograde approach 46 (36.2) 9 (50.0) 0.385

Non-CTO coronary disease 87 (68.5) 12 (66.7) 0.875

Values are represented as mean ± SD or n (%). MI, myocardial infarction; PCI, percutaneous coronary intervention; J-CTO, Japan chronic 
total occlusion.
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Table 2 Procedural complications, in-hospital outcomes and midterm outcomes of patients with success CTO PCI and failure CTO PCI

Clinical outcomes Overall (n=145) Success CTO (n=127) Failure CTO (n=18) P value

Procedural complications 9 (6.2) 7 (5.5) 2 (11.1) 0.357

Coronary perforation 4 (2.8) 2 (1.6) 2 (11.1) 0.021

Collateral perforation 4 (2.8) 4 (3.1) 0 (0.0) 0.445

Stent thrombosis 1 (0.7) 1 (0.8) 0 (0.0) 0.706

In-hospital MACE

Emergent re-PCI 1 (0.7) 1 (0.8) 0 (0.0) 0.706

Midterm outcomes

MACE 12/137 (8.8) 8/122 (6.6) 4/15 (26.7) 0.009

All-cause death 5/137 (3.6) 3/122 (2.5) 2/15 (13.3) 0.034

Cardiac death 3/137 (2.2) 1/122 (0.8) 2/15 (13.3) 0.002

MI 4/137 (2.9) 3/122 (2.5) 1/15 (6.7) 0.361

TVR 3/137 (2.2) 2/122 (1.6) 1/15 (6.7) 0.209

Values are given as n (%). MI, myocardial infarction; TVR, target vessel revascularization; PCI, percutaneous coronary intervention; CTO, 
chronic total occlusion; MACE, major adverse cardiac events.
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Figure 2 Kaplan-Meier curves for cumulative mortality-free rates in patients with successful CTO PCI and failed CTO PCI (A), cumulative 
MACE-free rates in patients with successful CTO PCI and failed CTO PCI (B), cumulative MACE-free rates in patients with J-CTO score 
<3 and J-CTO score ≥3 (C) and cumulative MACE-free rates comparing success CTO PCI vs. failure CTO PCI in patients with J-CTO 
score ≥3 (D). 
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CTO PCI. This regression model identified J-CTO score 
(HR: 2.10; 95% CI: 1.09–4.04; P=0.026) and success of 
CTO PCI (HR: 0.17; 95% CI: 0.05–0.59; P=0.005) as 
significant independent predictors of MACEs.

Discussion

The main findings of the study 

(I)	 Higher J-CTO score was independently associated 
with worse clinical outcomes in patients with CTOs;

(II)	 Successful recanalization of CTOs was associated 
with a  reduction in midterm MACEs when 
compared to failed recanalization attempts; 

(III)	 High procedural success and low complication rates 
of CTO PCI were observed among the dedicated 
CTO operators in our center.

Outcomes after CTO recanalization

We found a statistically significant MACE-free benefit 
of successful CTO PCI in comparison with unsuccessful 
recanalization of CTOs at 1-year follow-up. Our findings 
are consistent with several studies suggesting that successful 
CTO PCIs are associated with better outcomes than failed 
CTO revascularization procedures (3,4,7,19). Tomasello 
et al. (3) showed, using a cohort of 1,777 consecutive 
patients from the Italian CTO Registry, that successful 
CTO revascularization may significantly improve the 
survival and decrease MACE occurrence at 1-year 

follow-up. In agreement with our findings, Jang et al. (7) 
reported that CTO revascularization may reduce the risk 
of cardiac mortality and MACE during a median follow-
up duration of 42 months. Furthermore, a meta-analysis 
of 25 observational studies, over a mean follow-up of  
3 years, found that compared with unsuccessful CTO PCI, 
successful CTO PCI was associated with a lower risk of 
death [odds ratio (OR): 0.52; 95% CI: 0.43–0.63] (20), 
although no RCT was included in this meta-analysis. One 
interpretation of this result is that the higher complication 
rates related to CTO failure may lead to increase in major 
adverse events. Mortality advantage was also reflected in our 
study showing lower death rates in successful CTO when 
compared to failed CTO intervention (HR: 0.05; 95% CI: 
0.003–0.82; P=0.0325).

Based on results from a small cohort of patients 
undergoing PCI in our center, our study adds weight to 
the growing body of evidence indicating that successful 
CTO PCI improves midterm clinical benefit. Nevertheless, 
two prior registries are not consistent with this view 
(14,21). Both the Korean multicenter registry (14) and the 
CREDO-Kyoto registry from Japan (21) suggested that 
successful CTO PCI was not associated with a lower risk of 
long-term MACEs but associated rather with significantly 
lesser risk of subsequent CABG. We speculate that this 
discrepancy with our study may be explained by differences 
in the rate of revascularization. To elaborate, in the study by 
Lee et al. (14) and Yamamoto et al. (21), the rates of TVR 
were 20.9% and 19.6%, respectively, after failed PCI of 
CTO. As a result, there were higher rates of TVR in CTO 
PCI failure, than in our study (3.7%). Subsequent TVR in 
patients with unsuccessful CTO PCIs might have mitigated 
the detrimental effects of failed recanalization of CTOs, but 
less so in our current study. Furthermore, the differences in 
mortality rates may be related to the selection of patients 
for CTO PCI. Also, the success rate of CTO PCI was 78% 
in the study by Yamamoto et al. (21), which was slightly 
higher in our study (86.8%). Notably, 46.1% received first-
generation DES and 53.9% received newer-generation 
DES between March 2003 and May 2014 in the study by 
Lee et al. (14), while in our study all patients were treated 
with newer-generation DES (43% of DESs were everolimus 
and 57% were zotarolimus), which could have contributed 
to the lower TVR. 

J-CTO score and clinical outcomes

In accordance with the previous studies, we confirmed 

Success CTO PCI:

Better outcome Worse outcome

Variables

J-CTO score

Current smoker

Diabetes mellitus

0.005

0.026

0.05

0.131

0.17 (0.05–0.59)

2.10 (1.09–4.04)

0.15 (0.02–1.003)

2.51 (0.76–8.28)

0 1 2 3 4 5 5 7 9

HR (95% CI) P value

Figure 3 Multivariate analysis of predictors of midterm clinical 
outcomes. PCI, percutaneous coronary intervention; J-CTO, 
Japan chronic total occlusion.
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that independent predictors of MACEs were J-CTO  
score (22) and successful  PCI of CTO (23,24) as 
demonst ra ted  by  our  mul t i var i ab le  Cox  mode l . 
Furthermore, we found that high J-CTO score was 
independently associated with unfavorable clinical 
outcomes, which shows that differences in lesion complexity 
might significantly account for the differences in the 
overall clinical outcomes. However, no relevant data were 
mentioned in the study by Lee et al. (14) and Yamamoto 
et al. (21), which might also account for the difference in 
findings compared to our study.

Procedural success rate and safety of CTO PCI

A large part of the higher success rate (87.6%) can be 
attributed to the use of recently innovated devices such 
as tapered wires or microcatheters, and advances in 
interventional techniques as evidenced by the fact that 
36.2% of the procedures used the retrograde approach. 
Similar results were obtained in several large multicenter 
registries in the United States, Japan and Europe, with 
success rates of 86%, 88%, and 89%, respectively (4-6). 
A possible explanation for the slightly lower success rates 
in our study compared with the Japanese and European 
registries could be ascribed to the selection of patients with 
slightly higher average J-CTO scores in the current study.  

In this study, the periprocedural complication rate was 
acceptable (6.2%), as compared to the 7%, 0.53%, and 2.6% 
rate, found in the registries in the United States, Japan and 
Europe, respectively (4-6). The complication that occurred 
was a non-lethal clinical perforation during the procedure, 
which was treated quickly and successfully by coil sealing, 
cover stenting and emergency pericardiocentesis when 
cardiac tamponade occurred.

Limitations

First, this study is a single-center prospective study, in 
which unmeasured variables and selection bias on the part 
of operators toward cases may have influenced the results; 
thus, a lack of randomization needs to be considered 
as a limitation of our study. Additionally, it is probable 
that patients with high CTO score had more complex 
angiographic characteristics and more comorbidities which 
could have adversely affected subsequent outcomes. As a 
result, the true benefits of PCI for CTO revascularization 
remain to be assessed by dedicated RCTs. Furthermore, 

procedures were performed by several highly experienced 
operators in our center, which limits the aptness of 
extrapolation of the study results to less experienced 
centers and operators. In addition, the number of patients, 
particularly in the failed CTO PCI group (n=18 and 3 
lost to follow-up) was relatively small. Finally, although 
long-term follow-up was not performed, the study will be 
continued for 36 months to assess the long-term outcomes 
of PCI for CTOs.

Conclusions

Our study shows that among patients with CTOs, high 
J-CTO score was independently associated with worse 
clinical outcomes. Moreover, successful PCI was associated 
with a lower risk of midterm MACE compared to failed 
revascularization of CTOs. Further well-designed research 
will be needed to explore the exact benefits and optimal 
therapies in this specific population with CTO.
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