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ABSTRACT 
Revascularization of chronic total occlusion (CTO) lesions by percutaneous coronary 

intervention (PCI) has high difficulty and associated morbidity and mortality.  The benefits of 
successful CTO-PCI and what factors confer poor outcomes are not well studied.  There have 
been some large- scale studies on the efficacy of recanalising CTO lesions but most were not 
done in Thailand. This study aimed to find cardiovascular risk factors and their characteristics 
which predict major adverse cardiovascular and cerebral event (MACE)  outcomes in relation 
to PCI of CTO lesions and investigate whether successful CTO-PCI can affect MACE 
outcomes. In total, 84 patients were consecutively enrolled. The majority of the study 
population was male (64.3%) with a mean age of 65.3±10.8 years old. Eighty-five percent had 
multivessel disease (syntax score 23.8± 7.6) and most of the CTO lesions were complex (CTO 
J-score 2.7 ± 0.8) .  There were 60 cases (71.4%) of successful CTO-PCI. The overall MACE
rate was 32.1%. After a 1-year follow-up, the successful CTO-PCI group showed a lower rate
of MACE outcomes than the failed PCI group on all parameters. From this, it is concluded that
CTO-PCI success is a predictor of lower MACE outcome rates. Predictors of MACE outcomes
were reduced LVEF < 40%, CTO of left anterior descending artery, previous stroke and a CTO
J-score of more than 3.
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1. Introduction  
Chronic total occlusion (CTO) is 

defined as the total occlusion of coronary 
blood flow on angiography (Thrombolysis in 
Myocardial Infarction, TIMI 0) which 
persists for more than 3 months [1]. Its 
incidence varies depending on registry but is 
generally reported to be up to about 25% of 
all patients undergoing angiography [2]. 
Generally, CTO lesions are difficult, 
expensive and time-consuming to attempt 
recanalization via percutaneous coronary 
intervention (PCI). The most current set of 
guidelines on recanalization of CTO lesions 
by PCI was published in the European 
Society of Cardiology (ESC) 2018 guidelines 
on myocardial revascularization, which gave 
a class IIa recommendation that CTO-PCI 
should be considered in patients with angina 
resistant to medical therapy or who have a 
large area of ischemia in the territory of the 
occluded vessel [3].   

With recent advancements of stent 
technology, medications and techniques in 
interventional cardiology, attempts to 
recanalise CTO lesions are more common 
with varying degrees of success and 
outcomes.  However, there has not been a lot 
of strong evidence to support the long-term 
benefits of CTO-PCI yet, as there are not 
many large prospective modern trials 
investigating these issues directly. Most of 
the data are from aggregate findings of 
smaller observational studies and these often 
found equivocal outcomes on major adverse 
cardiovascular and cerebral event (MACE) 
endpoints. Therefore, the interactions 
between successful CTO-PCI, MACE and 
cardiovascular risk factors are not well 
established.  

There is no large multi-center CTO 
registry in Thailand and CTO-PCI outcomes 
have never been investigated before at 
Thammasat University Hospital (TUH). The 
aim of this study was to find cardiovascular 
risk factors and their characteristics which 
predict MACE outcomes in relation to PCI of 
CTO lesions as well as to investigate whether 

a successful CTO-PCI can affect MACE 
outcomes.  

 
2. Materials and Methods 
2.1 Study population  

This study was a single center, non-
randomized retrospective cohort study. All 
patients who met the criteria undergoing PCI 
to CTO lesions at TUH from  January1st, 
2014 to December 31st, 2016 were 
consecutively enrolled into this study. Most 
of the data were collected from the TUH 
cardiac catheterization laboratory (cath lab) 
database using a pre-existing CTO patient 
database from 2015. For data prior to 2015, 
we searched for equipment commonly used 
in CTO-PCI procedures such as Asahi 
Gaia® wire which generated a list of patients 
and these patients were then verified for true 
CTO and assessed according to our 
inclusion/exclusion criteria. Patient 
inclusion criteria were age over 18 years old 
and received a coronary angiogram at the 
TUH cath lab. Patients must have had at least 
1 CTO lesion detected via coronary 
angiogram, with clear documentation or 
records kept on the angiographic cine 
electronic system (Xcelera, Philips 
Healthcare). PCI must have been attempted 
on the CTO lesion, all successful and 
unsuccessful procedures were included in 
this study. The decision to proceed with PCI 
was decided by the operators at the time of 
the procedure. The patients must also have 
had accessible medical files, whether 
electronic or physical, and must have had a 
follow-up in the outpatient clinic at least 
once within a one-year period following the 
procedure. Patients were excluded if they did 
not receive PCI to the CTO lesions or if they 
received operations such as a coronary artery 
bypass graft to correct CTO lesions during 
the follow-up period.  
 
2.2 Definitions and endpoints  

A successful CTO-PCI was defined as 
a CTO lesion corrected by a PCI procedure 
with a final angiographic result of TIMI 3. A 
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failed CTO-PCI was defined as when the 
PCI procedure was abandoned, and the 
lesions were not corrected. Complete 
revascularization was defined as when all 
the significant coronary artery lesions were 
revascularized by PCI. MACE outcomes 
included all-cause mortality, congestive 
heart failure (CHF), cardiovascular death 
(death from any cardiac-related cause such 
as arrhythmia, CHF, or myocardial 
infarction), myocardial infarction and 
stroke/transient ischemic attack (TIA). CTO 
J-score is a validated scoring tool which is 
used to predict the success of CTO-PCI 
procedures based on difficulty and 
complexity of the lesion: entry shape, 
calcification, bending and occlusion length 
[4, 5]. Contrast-induced nephropathy (CIN) 
was defined as a 25% increase in serum 
creatinine from baseline or a 0.5 mg/dL (44 
µmol/L) increase in absolute value within 72 
hours after the index procedure. Its incidence 
was collected in view of CTO-PCI 
procedures often requiring a large amount of 
contrast; however, this parameter was not 
part of the main MACE categorization and 
its data was designed to be used as a possible 
marker of complicated PCI. Clinical follow-
up data was collected from outpatient files 
and an electronic data record system. The 
follow-up period was 1 year from the date of 
the procedure.  

 
2.3 Statistical analysis  

Categorical variables are expressed as 
frequency and percentage; continuous 
variables are expressed as mean and standard 
deviation. Univariable and multivariable Cox 
regression analysis were used to determine 
independent predictors of MACE outcomes. 
Kaplan-Meier survival curve analysis of 
MACE was used to compare successful and 
failed PCI groups. P-values of less than 0.05 
were considered statistically significant. 
Data were analysed using STATA software. 
 
 
 

 3. Results and Discussion 
3.1 Patient and procedural characteristics  

A total of 84 patients met the criteria 
and were included in this study. The majority 
of patients were male (64.3%) with a mean 
age of 65.3±10.8 years and a BMI of 25±0.5 
(overweight). About half of the population 
had previous myocardial infarction (50%) 
and diabetes mellitus (47.6%), and most had 
dyslipidemia (71.4%). The population had a 
mildly reduced left ventricular ejection 
fraction (LVEF 49.7%±15.2) and were not at 
the ESC 2019 recommended target LDL 
cholesterol level of less than 70 mg/dL for 
the high-risk group, or less than 55 mg/Dl for 
the very-high-risk group of (95.9 ± 33.1) [6] 
(Table 1). Multivessel disease was found in 
85% of all cases (syntax score 23.8±7.6). 
Most of the CTO lesions in our study were 
difficult to very-difficult lesions (CTO J-
score 2.7 ± 0.8). There were 60 cases (71.4%) 
of successful CTO-PCI procedures. 
Antegrade approach was the main technique 
used (85.7%) and the average stent length 
was 46.8 ± 34.3 mm (Table 2). 

 
3.2 Clinical follow up  
 The overall MACE rate was 32.1%. In 
the successful CTO-PCI group, MACE 
outcome prevalence was lower than in the 
failed PCI group (23.3% vs. 54.2% 
respectively, p = 0.007) (Table 3). There was 
1 incident of new myocardial infarction in 
the failed PCI group. There were no new 
incidences of stroke in either group. 

When the data was stratified into 
complete and incomplete revascularization, 
MACE occurrence was also higher in the 
incomplete revascularized group (17.2% vs 
40% respectively, p = 0.49) (Table 4). After 
adjusting for univariate and multivariate 
Cox regression analysis, significant 
predictors of MACE outcomes were a 
reduced LVEF of less than 40% (p = 0.003), 
previous history of myocardial infarction (p 
= 0.017), previous stroke (p = 0.003) and a 
CTO J-score of more than 3 (p = 0.005) (Fig 
5). Kaplan-Meier survival curve analysis of 
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MACE outcomes and death between 
successful PCI and failed PCI groups 
showed that most of the MACE events 
occurred early on after the index procedure 

and the successful PCI group had a higher 
survival rate and were less likely to have 
MACE outcomes (Fig. 1).  

 
Table 1. Baseline characteristics. Data are presented as number of patients, percentages are 
shown in brackets (%), mean ± SD. 

 
 
Table 2. Angiographic and Procedural data. Percentages are shown in brackets (%). 
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Table 3. MACE outcomes. Percentages are shown in brackets (%). 

 
 
Table 4. MACE outcomes by complete and incomplete revascularization. Data are presented 
as number of patients (%). 

 
 

 
 

Fig.1. Kaplan-Meier survival analysis for death. 
 
 
 

---   Successful PCI group   
---   Failed PCI group   
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Table 5. Multivariable Cox regression 
analysis hazard ratio of MACE by risk 
factors. mHR for multivariate hazard ratio. 
CI for confidence interval. 

 
 
3.4 Discussion 

The patients in our cohort were 
considered to be a high-risk population due 
to a high prevalence of cardiovascular co-
morbidities with complex CTO lesions 
based on CTO J-Scores. Our overall success 
rate of complex CTO-PCI lesions was 
71.4%. MACE outcomes were higher in the 
failed PCI group for all MACE parameters. 
This was largely driven by CHF in both 
groups. For all-cause mortality, the main 
causes of death were from sepsis and cancer, 
which can be difficult or, in some instances, 
impossible to avoid. However, this 
parameter was still relatively higher in the 
failed PCI group, which may be related to 
prolonged or more frequent hospitalization 
which led to an increase in hospital-acquired 

infection. When we stratified our data by the 
completeness of revascularization, the 
complete revascularization group (which 
included successful PCI patients) showed 
fewer MACE outcomes than the incomplete 
group. However, due to the small number of 
incidences, these results were not 
statistically significant and will require 
further study to confirm the significance of 
this relationship.  Despite the statistical 
outcomes, it was interesting to see that most 
of the MACE subcategories such as cardiac 
death, myocardial infarction, stroke and CIN 
did not occur at all in the complete 
revascularization group. Perhaps this 
showed a possible benefit of complete 
revascularization in this patient group - 
better perfused organs were less likely to 
develop complications. For example, 
increased renal perfusion led to better 
contrast filtration from the body and well 
perfused myocardium were less likely to 
develop ischemia, CHF and cardiac death.  

Due to the difficulty, high morbidity 
and mortality of CTO-PCI, these lesions are 
often attempted only if there are strong 
indications such as symptomatic patients 
and viable myocardium as suggested by 
recent revascularization guidelines [3]. Our 
results may be used as an additional tool to 
risk stratify and weigh the risks and benefits 
for patients before proceeding with the 
procedure. This study found that significant 
independent predictors of MACE outcomes 
for CTO-PCI procedures were a LVEF of 
less than 40%, previous myocardial 
infarction, previous stroke/TIA and a CTO 
J-Score of more than 3. Most of these 
predictors such as previous myocardial 
infarction, stroke and a high CTO J-score are 
not modifiable by interventions. They can be 
seen as markers of high risk and high disease 
burden and therefore, can indicate a higher 
likelihood of MACE outcomes. However, 
for a low LVEF, guideline directed optimal 
medical therapy (GDMT) and 
revascularization of diseased vessels (with 
viable myocardium) have been extensively 
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studied in patients with heart failure of 
various causes, including ischemia, and are 
known to be able to improve CHF outcomes 
[7, 9] and LVEF [10-12]. Therefore, GDMT 
and revascularization of other diseased 
coronary arteries should be done to improve 
LVEF prior to CTO-PCI, in order to 
minimize the risk of MACE outcomes.  

There have been many large PCI 
studies that have done CTO subgroup 
analysis but not many studies that 
specifically looked at CTO and its outcome 
predictors. Most of these were observational 
studies focusing on the success of 
revascularization of CTO as a good outcome 
predictor. Joyal et al. (2010) [13] conducted 
one of the first large meta-analyses of CTO-
PCI, containing clinical data from the 1980s 
to 2006. Their main focus was on the 
outcome of CTO recanalization when 
compared to medical therapy. In this meta-
analysis, the overall PCI success rate was 
69% and the successful CTO-PCI group had 
a 44% mortality reduction but no difference 
in MACE outcomes.  More recently, 
Christakopoulos et al. (2015) [14] carried out 
one of the largest meta-analyses to date, 
which included in it more recent studies 
which used modern stents and PCI 
techniques. This meta-analysis, which 
included 28,486 patients, found that the 
overall procedure success rate was 71% and 
successful CTO-PCI was associated with a 
significantly lower mortality rate and fewer 
MACE outcomes. These findings are also 
very similar to what was found in our study. 
Our procedural success rate was 71.4% with 
a significant reduction in MACE outcomes in 
the successful CTO-PCI group.  

Other studies have looked at certain 
aspects of cardiovascular risk factors as 
predictors of CTO-PCI survival. Godino et 
al. (2013) [15] carried out a study on 
predictors of cardiac death in CTO cases 
without revascularization or failed 
revascularization. They found that the 
mortality rate was significantly higher in the 
non-revascularized group; significant 

independent predictors for cardiac death 
were a low LVEF (less than 35%), chronic 
renal failure, insulin-dependent DM and 
triple vessel disease. Our study also found 
that low a LVEF of less than 40% is a 
significant MACE predictor. However, there 
are some studies that contrast with the results 
we found, such as a Swedish Coronary 
Angiography and Angioplasty Registry 
(SCAAR) study [16]. When subgroup 
analysis for CTO was done, they found that 
CTO is a prognostic marker for 
cardiovascular events and increased 
mortality; however, diabetes did not have 
further adverse effects on outcomes. 
SYNTAX score was also found to be an 
independent predictor of MACE outcomes in 
CTO-PCI [17], however, this factor was not 
statistically significant in our study.  

DECISION-CTO is the latest, largest 
prospective, randomized controlled CTO-
PCI trial which compared optimal medical 
therapy to CTO-PCI [18]. The study found 
that CTO-PCI was feasible with a very high 
success rate of up to 90.6%. However, there 
was no significant difference in the incidence 
of MACE outcomes in the CTO-PCI group 
versus the no CTO-PCI group (medical 
therapy group).  

There were some similarities between 
our population and the population in 
DECISION-CTO, such as similar SYNTAX 
scores (20.8 vs 23.8±7.6 in our study) and 
CTO J-scores (2.1 vs 2.7±0.8 respectively). 
However, our population was considered to 
be at a higher risk with a lower LVEF 
(49.7%±15.2 vs 57.2±9.8% respectively), 
and had a much higher prevalence of 
previous myocardial infarction (50% vs 
10.9%, respectively). Therefore, the findings 
from DECISION-CTO may not be directly 
applicable to our group and our findings may 
be more applicable to higher risk 
populations.   

From the findings of our study and 
those gathered from similar studies, we could 
surmise that in many cases, it may be better 
to revascularize CTO lesions by PCI and the 
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MACE outcome rate may improve if the 
procedures are successful. However, most of 
these studies were observational and 
retrospective, such as in our case, which 
could not provide strong enough evidence to 
conclusively recommend PCI for all CTO 
cases.   

It is clear that there are still conflicting 
data on the benefits of CTO-PCI as it is still 
a developing field of PCI and large studies 
are still ongoing. Currently, there are not 
many studies available on specific 
cardiovascular risk factors as predictors of  
CTO-PCI outcome. Furthermore, patient 
populations with CTO are often 
heterogeneous, with varying degrees of 
complexity of CTO lesions and multiple 
interacting cardiovascular risks, which made 
the analysis on the effects of CTO-PCI not 
as straight forward as other coronary lesions.   

Our study contribution to this field is 
that certain cardiovascular risk factors and 
patient characteristics can significantly 
contribute to MACE outcomes and 
successful CTO-PCI can reduce the risk of 
developing MACE outcomes.  
  
3.5 Limitations  

This was a small, single-center 
retrospective study, therefore, it is possible 
that there may have been confounding 
factors and biases affecting the results. Our 
adverse event rates were low and as such, we 
included CV death and all-cause mortality in 
our MACE outcomes. However, it is worth 
noting that our findings were similar to 
many of the larger studies, as well as several 
large meta-analyses. For this first stage,  
retrospective studies such as this one are 
suitable for the purpose of investigating the 
current state of CTO-PCI in Thailand. It can 
be considered as a pilot study since no 
similar study has been done before at our 
institution or in Thailand. However, future 
studies will need to incorporate larger 
cohorts, prospective data collection and 
longer follow-up periods. With these 
changes, other risk factors and procedural 

characteristics may become statistically 
significant, or the opposite may occur. Thus, 
it is vital to conduct further research in order 
to confirm our findings and gain more 
knowledge on CTO-PCI and its outcomes.  
 
4. Conclusions  

CTO lesions are complicated and can 
lead to many adverse cardiovascular 
outcomes. Cardiovascular risk factors and 
predictors of MACE outcomes were having a 
LVEF of less than 40%, CTO of LAD, 
previous stroke/TIA and a CTO J-Score of 
over 3. Successful CTO-PCI can reduce the 
risk of developing MACE outcomes within a 
1-year post-procedure time period.  
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