
 
 

 

 

 

 

 

MESTRADO INTEGRADO EM MEDICINA – TRABALHO FINAL 

 

NAZAR ILCHYSHYN 

 

 

Performance and safety outcomes of a structured chronic 

total occlusion (CTO) PCI program 

ARTIGO CIENTÍFICO ORIGINAL 

 

ÁREA CIENTÍFICA DE CARDIOLOGIA  

 

 

Trabalho realizado sob a orientação de: 

PROFESSOR DOUTOR RUI MIGUEL TERENAS LANÇA BAPTISTA 

DOUTORA ANA VERA MARINHO 

 

 

 

 

 

FEVEREIRO/2020 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

TABLE OF CONTENTS 

 

Thesis outline……………………………………………………………………………………...…1 

Resumo ................................................................................................................................. 2 

Title page .............................................................................................................................. 4 

Abbreviations ....................................................................................................................... 5 

Abstract................................................................................................................................. 6 

Introduction .......................................................................................................................... 8 

Methods 

 Study population ......................................................................................................... 9 

Follow up and endpoints ............................................................................................. 9  

Statistical analysis ..................................................................................................... 10  

Results 

 Baseline characteristics of population and procedural aspects .................................. 11 

Primary and secondary endpoints ............................................................................. 13 

Comparison of demographics and risk factors      

 of patients with successful and failed CTO PCIs ....................................................... 15 

Discussion .......................................................................................................................... 17 

Limitations .......................................................................................................................... 19 

Conclusions ........................................................................................................................ 20 

References .......................................................................................................................... 21 

Appendices 

 Appendix I ................................................................................................................. 24 

 

 



1 
 

 

 THESIS OUTLINE 

This Master thesis in Medicine consists of an Original Scientific Article, written between March 

2019 and February 2020. 
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RESUMO 

Introdução 

Oclusão total crónica (CTO) é encontrada por rotina em doentes que são submetidos à 

angiografia coronária. Nos últimos anos as taxas de sucesso das intervenções coronárias 

percutâneas (PCIs) nestes doentes tem aumentado, resultado das melhorias técnicas e de 

materiais utilizados, sem comprometer, contudo, a segurança do doente. Tivemos como 

objetivo descrever as características, os aspetos procedimentais e os resultados clínicos de 

um programa estruturado de PCI CTO. 

 

Métodos 

Conduzimos um estudo prospetivo de coorte, incluindo todos os doentes consecutivos que 

entraram no nosso programa desde Dezembro de 2013. Foram recolhidos dados 

angiográficos e clínicos. Definimos o outcome primário para segurança como as complicações 

peri-procedimentais e o outcome primário para eficácia como o sucesso procedimental. Foi 

conduzido um follow up mediano de 508 dias. Os endpoints secundários analisados em follow 

up incluíram morte, enfarte agudo do miocárdio (EAM) e revascularização da lesão alvo; 

classes CCS e NYHA; fração de ejeção do ventrículo esquerdo (LVEF). 

 

Resultados 

195 doentes com um total de 202 CTOs foram incluídos. Maioria era hipertensa (79.3%), tinha 

dislipidemia (82.4%) e um índice de massa corporal (IMC) >25.kg.m-2 (87.1%); 35.6% eram 

diabéticos, 32.6% eram fumadores e um terço tinha antecedentes pessoais de EAM. A 

indicação para CTO PCI era angina em 78.0%, insuficiência cardíaca em 9.2% e arritmias 

ventriculares em 1.2%. Doença coronária multivaso era presente em 54.5%. Em termos da 

técnica utilizada, 89.7% foram abordados por via anterógrada com escalonamento de fios. O 

score J-CTO médio foi de 2.0±0.8, mostrando maior capacidade em prever o sucesso 

procedimental que o score EuroCTO (CASTLE). 

A taxa de sucesso das intervenções foi de 92.8% (85.6% na primeira tentativa). O outcome 

primário para a segurança ocorreu em 9 doentes. Durante o seguimento, 7 doentes morreram 

(2 de causa cardiovascular). Admissão pelo EAM ocorreu em 3 doentes. Revascularização da 

lesão alvo ocorreu em 5 doentes. Grau CCS decresceu após CTO PCI com sucesso em 90.3% 

dos doentes (2.1 ±0.9 vs 0.6±0.6, p<0.01). Houve uma subida significativa do LVEF em follow 

up (48,73±10% vs. 52,55±8,26%, p=0.01). 
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Conclusão 

Durante a implementação de um programa dedicado a CTO PCI, atingiu-se uma elevada taxa 

de sucesso e uma baixa taxa de complicações. CTO PCI com sucesso foi associado a um 

importante alívio sintomático e um aumento significativo do LVEF. Score J-CTO permanece o 

melhor preditor de sucesso da intervenção em causa, pelo que o uso de outros e mais 

complexos scores não mostrou ser vantajoso.  

 

Palavras-Chave: 

Oclusão total crónica, Intervenção coronária percutânea, Revascularização, Doença arterial 

coronária, Seguimento. 
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ABBREVIATIONS 

6MWT: 6-minute walk test  
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ABSTRACT 

Background 

Coronary chronic total occlusions (CTOs) are routinely found in patients undergoing coronary 

angiography.  In recent years, the success rate of CTO intervention has increased, driven by 

advances in material and interventional techniques, without compromising patient safety. We 

aimed to describe the characteristics, procedural aspects and clinical outcomes of a structured 

CTO program. 

 

Methods 

We conducted a prospective, cohort study including all consecutive patients enrolled in our 

CTO program since December 2013. Angiographic and clinical data were collected. We 

defined a co-primary safety outcome as procedure-related complications and a co-primary 

efficacy outcome as procedural success. A follow-up with a median duration of 508 days was 

conducted. Secondary, exploratory endpoints during the follow up included death, myocardial 

infarction (MI), target lesion revascularization (TVR), CCS grade, NYHA class and impact on 

left ventricular ejection fraction (LVEF).  

 

Results 

A total of 195 patients with 202 CTO lesions were included.   Most patients were hypertensive 

(79.3%), had dyslipidemia (82.4%) and a body mass index (BMI) > 25.kg.m2 (87.1%); 35.6% 

were diabetic, 32.6% were smokers and a third had a prior history of MI. The indication for a 

CTO PCI was angina in 78.0%, viable heart failure in 9.2% and ventricular arrhythmias in 1.2%. 

Multi vessel coronary disease was present in 54,5%. Regarding the technical procedure, 

89.7% of PCI CTOs were performed via the anterograde approach with wire-escalation 

technique. The mean J-CTO score was 2.0±0.8. J-CTO and not EuroCTO (CASTLE) score 

predict successful CTO PCI. 

The overall success rate for CTO PCIs was 92.8% (85.6% with one attempt).  The primary 

safety co-endpoint occurred in 9 patients (4.0%). During follow up, 7 patients (4.6%) died (2 of 

cardiovascular causes). Admissions for MI occurred in 3 patients (1.5%). TVR occurred in 5 

patients (2.6%).  CCS grade decreased following a successful CTO treatment in 90.3% of 

patients (2.1 ±0.9 vs 0.6±0.6, p<0.01). LVEF significantly increased (48,73±10% vs. 

52,55±8,26%, p=0.01) after a successful CTO intervention.  
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Conclusions 

During implementation of a dedicated CTO PCI program a high success rate with low rate of 

complications were achieved. A successful CTO PCI was associated with important 

symptomatic relief and a significant increase in LVEF.  J-CTO score remains the best 

predictors of successful CTO and the use of other more complex scores did not seem to be 

advantageous. 

 

Keywords 

Chronic total occlusion, Percutaneous coronary intervention, Revascularization, Coronary 

artery disease, Follow up. 
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INTRODUCTION 

Chronic total occlusions (CTOs) are present in approximately 15–25% of patients undergoing 

coronary angiography and in 25–50% of those with significant coronary disease [1]. 

Historically, these lesions have often been managed either with medical therapy (MT) or 

coronary artery bypass grafting (CABG) because of their complexity and low interventional 

success rates. Previous studies showed that only a minority of CTO patients underwent 

percutaneous coronary intervention (PCI) (10-11%), being most of them treated with a 

conservative MT (49-67%) or referred to CABG (25 -40%) [2,3]. 

Over the past decade, introduction of a variety of dedicated CTO devices combined with 

advances in interventional techniques and operator experience have led to higher rates of 

procedural success, without sacrificing patient safety.  With contemporary equipment and 

techniques, high success rates (85% to 90%) are achieved at experienced centers [4]. 

However, success rates in unselected populations remain low: 61.3% in the New York State 

PCI Registry and 59% in the U.S. National Cardiovascular Data Registry (vs. 96% in non-

occlusive lesions) [5,6]. Therefore, there is a gap between what is achieved at dedicated CTO 

centers and the outcomes at less experienced centers. Bridging this gap remains a challenge 

and should be a major focus of current research.  

Several observational studies showed a clinical benefit of CTO PCI by improving angina, 

dyspnea, depression and exercise capacity. These studies also suggested lower mortality, 

lower incidence of major adverse cardiac events (MACE) and lower risk for arrhythmias [1]. 

Achieving clinical benefit in CTO PCI requires the procedure to be successful. Accurate scoring 

systems to grade the difficulty of cases is a valuable tool for appropriate case selection and 

planning. The first CTO PCI score was the J-CTO (Multicenter CTO Registry of Japan) score 

that was developed to estimate the likelihood of successful guidewire crossing within the first 

30 min of the procedure, based on 5 criteria [7]. Other scores proposed include the 

PROGRESS-CTO, RECHARGE, CL score and ORA scores [8-11]. One study showed that the 

various scores had similar predictive capacity for technical success and that they performed 

better in antegrade-only cases [12]. More recently, Szijgyarto et al [13], using the EuroCTO 

registry, analyzed the factors influencing technical success and derived and validated a simple 

model to predict a successful CTO PCI, EuroCTO (CASTLE) score. 

Our purpose was to evaluate the peri-procedural revascularization results and clinical 

outcomes of a structured CTO program and evaluate the predictive power of two CTO 

stratification scores, J-CTO and EuroCTO. 
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METHODS 

Study population 

We conducted a prospective, observational cohort study including all consecutive patients 

enrolled in a CTO program implemented since December 2013 in tertiary care hospital. The 

choice of the appropriate CTO revascularization technique took into account the angiographic 

characteristics of the lesions and operator skills with an antegrade or a retrograde technique. 

The sequence of use of these wiring techniques and the guidewire selection was completely 

left to the operator’s discretion.  

After collecting an informed consent, the participating physicians prospectively inserted all data 

into a database. Clinical data included patients age, risk factors, previous history of myocardial 

infarction, chronic renal failure (CRF) (defined as an estimated creatinine clearance <60 

mL/min), clinical presentation, left ventricular ejection fraction (LVEF) and ischemia/viability 

results. Angiographic data included the CTO artery, presence of multi-vessel coronary disease, 

the SYNTAX score and the Japanese CTO (J-CTO) score. Procedural data were also 

collected: location of vascular access, the used technique, result of PCI and peri-procedural 

complications.  

Coronary CTOs were defined as complete occlusion (thrombolysis in myocardial infarction 

(TIMI) grade 0 flow) of at least 3 months duration, in a major coronary artery [2]. J-CTO score 

calculation was performed according to the original description by Morino et al [7]. Morphology 

of the entry point was classified as “tapered” if the occluded segment ended in a funnel-shaped 

form or “blunt” if it did not; occlusion length was measured from the proximal occlusion to the 

distal retrograde filling from contralateral collaterals and was estimated from angiographic 

projections visually with single or dual-contrast injections; presence of calcification was visually 

estimated on fluoroscopy. The degree of development of retrograde collaterals was based on 

a collateral grading system of 0 to 3, according to the Rentrop and Cohen classification [14]. 

Follow up and endpoints 

The follow-up was performed either by a clinical visit or hospital database consultation and 

had a median duration of 508 days (interquartile range 278-1084 days). 

Data regarding major adverse cardiac and cerebrovascular events (MACCE) occurrence, 

Canadian cardiovascular society (CCS) angina grade, NYHA class assessment and impact on 

LVEF were collected. The study was carried out in accordance to the Helsinki declaration; the 

ethics committee approved the protocol. 
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We defined a co-primary safety outcome as a procedure-related complications – vessel 

dissection, side branch occlusion, thrombosis, perforation, ventricular arrhythmia, myocardial 

infarction (MI), cerebral vascular accident (CVA), vascular access complications and death. A 

co-primary efficacy outcome was set as a procedural success, defined as a final residual 

stenosis <30%, with an anterograde TIMI flow grade 3 after stent implantation [2]. 

Secondary, exploratory endpoints included death, MI, target lesion revascularization (TVR); 

CCS grade and NYHA class assessment; impact on LVEF on follow up. Criteria for acute MI 

followed the new universal definition of MI: detection of a rise of cardiac biomarker values 

(cardiac troponin with at least one value above the 99th percentile upper reference limit (URL)) 

combined with either symptoms of ischemia, new or presumed new significant ST-segment or 

T-wave changes, new left bundle branch block (LBBB), development of pathological Q-waves 

in the electrocardiogram, new regional wall motion abnormality, or identification of an 

intracoronary thrombus by angiography or autopsy.  

Statistical analysis  

Categorical variables are presented as a percentage and continuous variables with normal 

distribution as mean ± SD, otherwise as median with interquartile range was used. Categorical 

variables were compared using the Fisher’s exact test. A p-value 0.05 was considered 

statistically significant. A hierarchical multivariable logistic regression model was used to 

evaluate independent correlates of successful CTO PCI among patients undergoing CTO 

PCIs. 
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RESULTS 

Baseline characteristics of population and procedural aspects 

A total of 195 patients (mean age 66±10 years, 81% male) with 202 CTO lesions were 

included. Baseline characteristics and clinical information of study population are shown in 

Table 1. Most patients were hypertensive (79.3%), had dyslipidemia (82.4%) and a body mass 

index (BMI) > 25 kg/m2 (87.1%); 35.6% had diabetes mellitus type 2, 32.6% were smokers and 

a third had a prior history of MI. The indication for a CTO procedure was refractory angina in 

78.0%, heart failure with viable myocardium in 9.2% and refractory ventricular arrhythmias in 

1.2%.  

 

Table 1 Baseline characteristics and clinical information of study population 

 

BMI denotes body mass index; MI, myocardial infarction. 

 

 

 

 

Characteristic 

Patients, n 195 

Age, years (mean ± SD) 66±10 

Male sex (%) 81.0 

Smoking (%) 32.6 

Diabetes mellitus type 2 (%) 35.6 

Dislipidemia (%)  82.4 

Arterial hypertension (%)  79.3 

BMI > 25 kg/m2 (%) 87.1 

Previous MI (%) 30.0 

Indication for CTO PCI 

Angina (%) 78.2 

Viable heart failure (%) 9.2 

Ventricular arrhythmias (%) 1.2 
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Table 2 shows the procedural details of the CTO procedures. The occluded artery was more 

frequently the right coronary artery (42%) in comparison with left anterior descending (37%), 

followed by the left circumflex (20%). In 89.5% of cases, CTO PCI was attempted for the first 

time, while 10.6% of cases had more than one previous failed attempt; 54.5% of patients had 

multivessel disease. Contralateral injection was used in half of the cases (51.3%). Regarding 

the technical procedure, 89.7% of PCI CTOs were performed via the anterograde wire-

escalation technique; dissection re-entry technique was used in a minority of antegrade cases 

(2.4%). A retrograde strategy was utilized in 10.3% of cases in our cohort. Intravascular 

imaging with intravascular ultrasound was performed in 17.2% of cases. The mean J-CTO 

score was 2.0±0.8. 

 

Table 2 Procedural details of CTO PCI 

Characteristic 

Procedures, n 202 

Target artery: 

            Right coronary (%) 42.1 

            Left anterior descending (%) 37.9 

            Left circumflex (%) 20.0 

Multivessel disease (%) 54.5 

Bilateral injection (%) 51.3 

Anterograde wire escalation technique (%) 89.7 

Retrograde technique (%) 10.3 

Intravascular imaging use (%) 15.3 

IVUS (%) 17.2 

J-CTO score (mean ± SD) 2.0±0.8 

IVUS denotes intravascular ultrasound. 
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Primary and secondary endpoints 

The primary efficacy co-endpoint (procedure success rate) occurred in 92.8% of patients (in 

85.6% at the first attempt). The primary safety co-endpoint occurred in 4.0% of patients (9 

patients) and included: stroke in peri procedural period in 1 patient, perforation in 3 patients (1 

needed pericardiocentesis), local hematoma in 2 patients and distal embolization/important 

side branch occlusion in 3 patients. 

Secondary endpoints incidence during follow-up included 7 (4.6%) mortality events, 2 of them 

cardiovascular deaths (not-procedure related).  Admissions for MI occurred in 3 patients 

(1.5%). TVR occurred in 5 patients (2.6%) (Table 3). 

 

Table 3 Primary and secondary endpoints 

Procedure related endpoint 

Procedure success (%) 92.8 

Procedure Complications, n (%) 9 (4.0) 

Stroke, n 1 

Perforation, n 3 

Local hematoma, n 2 

Side branch occlusion, n 3 

Follow up 

Global mortality, n (%) / CV death, n (%) 6 (4,0) / 2 (2,2) 

MI, n (%) 3 (1,5) 

TVR, n (%) 5 (2,6) 

CV denotes cardiovascular; MI, myocardial infarction; TVR, target vessel revascularization. 

 

Regarding symptoms, the CCS grade decreased following a successful CTO treatment in 

90.3% of patients (2.1 ±0.9 vs 0.6±0.6, p<0.01) (Figure 1). Regarding LVEF, we found a 

significant increase (48,73±10% vs. 52,55±8,26%, p=0.01) after a successful CTO intervention 

(Table 4). 
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Figure 1 CCS grade before CTO PCI and on follow up 

 

Table 4 NYHA class and LVEF before CTO PCI and on follow up 

Variable Baseline Follow up P-value 

NYHA class 

0.08 

I 42.9% 81.6% 

II 46.4% 12.3% 

III 10.7% 4.1% 

IV 0% 0% 

LVEF (mean ± SD) 48,73±10% 52,55±8,26% 0.01 

LVEF denotes left ventricular ejection fraction 
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Comparison of demographics and risk factors of patients with successful and failed 

CTO PCIs  

In Table 5, we compare the characteristics of patients with failed CTO PCI and patients with a 

successful CTO PCI. Both groups were similar regarding cardiovascular (CV) risk factors 

prevalence and baseline clinical characteristics. The presence of a higher J-CTO score and 

the use of bilateral injection were predictors of success in univariate analysis.  

 

Table 5 Comparison of demographics and risk factors for patients with successful and failed CTO PCIs 

Variable Successful CTO Failed CTO P-value 

Age, per year (mean) 65.5 66.7 0,51 

Male sex (%) 80.4 87.1 0.37 

BMI >25 kg/m2 28.2 28.5 0.73 

Arterial hypertension (%) 79.3 77.4 0.80 

Diabetes mellitus type 2 (%) 36.4 51.6 0.10 

Dyslipidemia (%) 82.1 90.3 0.26 

Chronic kidney disease (%) 17.5 15.8 0.86 

Previous MI (%) 50.9 53.6 0.79 

SYNTAX score 19.3 18.3 0.73 

LVEF (%) 48.5 49.9 0.44 

J- CTO score, per unit 1.8 2.4 0.01 

EuroCTO (CASTLE) score, 

per unit 
1,6 1,7 0.88 

Retrograde approach (%) 73.1 22.6 0.05 

Bilateral injection (%) 51.1 32.3 0.03 

BMI denotes body mass index; LVEF, left ventricular ejection fraction; MI, myocardial infarction. 
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On a hierarchical multivariable logistic regression model (Table 6), we found that the only 

significant independent predictor of success was the J-CTO score. We also evaluated the 

performance of a new EuroCTO (CASTLE) score, but it did not show better discriminative 

capacity than the commonly utilized J-CTO. 

 

Table 6 Significant risk factors for CTO PCI success: hierarchical multivariable logistic regression model 

Variable Hazard ratio (95% CI) P-value 

Age, per year 0.969 (0.907-1.035) 0.348 

Male sex 0.611 (0.118-3.178) 0.558 

Arterial hypertension 1.061 (0.244-4.613) 0.937 

Diabetes mellitus type 2 1.117 (0.358-3.482) 0.849 

Chronic kidney disease (%) 1.095 (0.230-5.231) 0.909 

J-CTO score, per unit 0.145 (1.662-28.806) 0.008 

EuroCTO (CASTLE) score, per unit 2.007 (0.845-4.763) 0.114 

Bilateral injection 3.046 (0.974-9.525) 0.056 

CI denotes confidence interval. 
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DISCUSSION 

In this study, we present the results of the implementation of a dedicated CTO PCI program in 

a tertiary care center. The prevalence of male gender and traditional CV risk factors is high 

and as reported in other studies. Notably, more than fifty percent of our population had a multi 

vessel coronary disease and multiple CTO lesions affected 9.1% of patients. These findings 

were like those reported in the European Registry of CTOs (ERCTO registry), confirming that 

CTO lesions are associated with an extensive atherosclerosis burden. Differently from 

Canadian multicenter CTO and Italian registries [2,3,15], where only 13% reported no or only 

mild symptoms (CCS class 0/1) and where almost a quarter of patients were completely 

asymptomatic, respectively, in our cohort >90% of patients had angina or symptoms of heart 

failure. 

The overall success rate for CTO PCIs was 92.8% (86% with one attempt).  With contemporary 

equipment and techniques, high success rates (85% to 90%) are achieved at experienced 

centers. However, there is a gap between what is achieved at dedicated CTO PCI centers and 

the outcomes at less experienced centers. An annual volume of at least 500 PCIs with a 

presence of a CTO operator was a prerequisite for each study center in Decision CTO trial 

[16]. This inclusion criteria highlight the importance of a structured program implementation for 

success of procedure. 

In our cohort, the CCS grade and NYHA class decreased following a successful CTO 

treatment. In the OPEN-CTO registry, that analyzed 1.000 consecutive patients undergoing 

CTO PCI with the hybrid approach using standardized questionnaires, a 10.8 points (95% CI: 

6.3 to 15.3) improvement in the quality-of-life domain of the Seattle Angina Questionnaire was 

observed among successful versus unsuccessful procedures (p < 0.001) [17]. Peri-Okonny et 

al [18], including 869 patients enrolled in this registry, showed that the proportion of patients 

that exercised regularly increased from 33.5% at baseline to 56.6% 12 months after CTO PCI 

( p<0.01).  Rossello et al [19], in a prospective study including 47 consecutive patients with 

successful percutaneous recanalization of CTO underwent adenosine stress cardiac magnetic 

resonance (CMR), 6-minute walk test (6MWT), and the Short Form-36 Health Survey before 

and 6 months after the procedure. A successful recanalization of a CTO was followed by a 

significant improvement of global physical and mental health status, the distance walked in the 

6MWT, the incidence of chest pain at the end of the 6MWT and the ischemic burden index 

evaluated by CMR. Additionally, patients with greater CMR ischemic index before PCI showed 

better improvement in the 6MWT. Two other studies [20,21] performing cardiopulmonary 

testing before and after CTO PCI showed an increase in peak oxygen consumption and 

anaerobic threshold after a successful CTO PCI. 
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Achieving clinical benefit with CTO PCI requires the procedure to be successful.  A few scoring 

systems have been developed over the years to predict successful PCI. Morino et al [7] 

published the J-CTO score in 2011, derived from 400 CTO cases. This study identified 5 

characteristics associated with failure to pass an antegrade guidewire across the occlusion 

within 30 min. The characteristics included a previous failed attempt and did not include 

previous CABG (widely recognized to be an adverse feature). More recently, a new tool, the 

EuroCTO (CASTLE) score [13] was derived and validated from the Euro CTO registry and 

seems to have a greater discriminative capacity, compared with the widely used J-CTO score. 

It incorporates 4 factors that are included in J-CTO - stump anatomy, tortuosity, length of 

occlusion and extent of calcification. Importantly, however, it also includes 2 additional 

variables - prior CABG and age, both of which are objective and not open to operator 

interpretation. In our cohort, however the application of this score did not present greater 

discriminative capacity regrading J-CTO score. Furthermore, none of clinical characteristic was 

predictor of a successful PCI. The only factors that independently predict the success of CTO 

PCI were the characteristics of lesion as assessed by J-CTO score and the use of bilateral 

injection.  
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LIMITATIONS 

Limitations of our study include the fact that it is limited to a single center, so the findings may 

not be generalizable. Angiographic data were obtained by visual assessment rather than by 

quantitative coronary analysis, thus, we cannot eliminate operator-related bias. We did not use 

stress testing to determine the impact of CTO treatment in functional class or CCS grade. As 

a result, we cannot exclude a placebo effect.   
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CONCLUSIONS 

During the implementation of a dedicated CTO PCI program, a high success rate with a low 

rate of complications were achieved. A successful CTO recanalization was associated with a 

significant symptomatic relief and a significant increase in LVEF. The J-CTO score remains 

the best predictor of a successful CTO. 
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