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Reduction in ischemic burden 

Enable complete revascularization 

Improvement of symptoms & LV function 

Reduced predisposition to arrhythmic 

events and ischemic events 

Avoidance of procedures and reduced 

medications 

Survival benefit ??? 

Technical and procedural challenges 

Misperceptions regarding viability, 

collateral flow 

Uncertainty regarding which patients may 

benefit balanced by 

Concern for complications in patients 

who may not derive clinical benefit 

 Regarding the impact of successful revascularization of CTO on 
clinical outcomes, it still remained controversy.   

      

 Especially	in	DES	era,	minimal	data	exists	regarding	
the	outcomes	a er	PCI	of	CTO.	

 It	s ll	remained	controversy	regarding	the	impact	of	
successful	revasculariza on	of	CTO	with	DES	on	
clinical	outcomes.			

						

Nega ve	
data

Posi ve	
data



Objective 

To investigate the impact of the success or failure of CTO 
intervention on long-term clinical outcomes from a larger 
cohort of the Korean patients (K-CTO registry) undergoing CTO PCI 
in the era of DES.  

J Invasive Cardiol. 2014;26:255-9. 

Korean CTO registry data? 
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Study population;  

 From 2007 to 2009, a total of 2,568 
patients with true CTO who 
underwent PCIs and met the criteria 
of this study were enrolled in the 
multicenter K-CTO registry, consisting 
of 26 Korean centers.  

        … K-CTO registry; All comer CTO registry 

Endpoints;  

 Primary endpoint: Occurrence of Cardiac death or MI between 
“Successful-CTO group” vs. “Failed-CTO group”  

Multi-center K-CTO registry  

(N=2,934)

Successful group 

(n=2,045; 80%)

Failed group 

(n=523; 20%)

ü Kaplan Meier analysis and Cox’s proportional hazard 

model for the comparison of the events 

*Patients fulfilling criteria  

(N=2,568)

Kim BK, et al. J Invasive Cardiol. 2014;26:255-9.

• Regardless of success or failure of PCI 
• No specific exclusion for the directly 

reflecting “Real-world clinical  practice of 
CTO intervention” 

 Kaplan Meier analysis and Cox’s proportional hazard model for the comparison of the events 



Primary endpoint: Cardiac death or MI  



Univariate Multivariate 

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

Age 1.08 (1.05-1.12) <0.001 1.09 (1.05-1.14) <0.001 

Hypertension 0.82 (0.46-1.45) 0.496     

Diabetes mellitus 1.31 (0.74-2.33) 0.355 1.73 (0.88-3.41) 0.114 

Previous PCI 0.80 (0.40-1.61) 0.538     

Previous MI 0.43 (0.13-1.37) 0.152 0.56 (0.17-1.84) 0.337 

LVEF < 40% 3.50 (1.74-7.02) <0.001 2.34 (1.02-5.53) 0.029 

Multi-vessel diseases 1.49 (0.79-2.82) 0.219 0.89 (0.44-1.81) 0.749 

Procedural success 0.48 (0.27-0.86) 0.018 0.51 (0.29-0.92) 0.035 

Lesion length 1.00 (0.98-1.02) 0.892 1.00 (0.98-1.02) 0.827 

Kim BK, et al. J Invasive Cardiol. 2014;26:255-9. 



In the Successful CTO group, Predictors for the 
occurrence of the fatal events?  

(occurrence of  Cardiac death, MI or ST) 
  Univariate analysis Multivariate analysis 

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

Age ≥65 years 2.073 (1.223-3.514) 0.007 1.769 (1.025-3.052) 0.041 

Male gender 0.871 (0.496-1.531) 0.632     

Diabetes mellitus 2.140 (1.284-3.567) 0.004 1.773 (1.043-3.012) 0.034 

LVEF <40% 5.069 (2.811-9.141) 0.001 4.242 (2.335-7.705) 0.001 

Left main disease 2.621 (0.949-7.236) 0.063 2.181 (0.782-6.085) 0.136 

Total stent length  ≥20 mm 0.948 (0.430-2.086) 0.893     

Stent diameter (mm) 0.837 (0.485-1.147) 0.525     

No. of DES ≥3 1.134 (0.487-2.639) 0.770     

First- vs. New-gen DES 1.029 (0.607-1.744) 0.915     

Kim et al. 2017 CAD in-press 



Predictors for the occurrence of TVR in the 
successful CTO group ? 

Adjusted HR 95% CI P 

Lesion length ≥ 20 mm 1.626 1.129-2.340 0.009 

Number of implanted stents ≥3 1.964 1.301-2.965 0.001 

Manuscript submission 



* P-value = 0.001 (Comparison among the 4 groups) 

*Risk factors: 1. Age, 2. DM, 3. Low EF  

 

 The incidence of the primary endpoint was significantly higher in 
patients with multiple risk factors than in those with a single 

risk factor. 
 

2017 in-press 



• Objectives 

• to compare the long-term 
clinical outcomes of 
patients with CTO and 
well-developed collateral 
circulation treated with 
revascularization vs. 
medical therapy. 

• Study Population 

• From 2003 to 2012, 738 Pts. 
with Rentrop Gr 3 
collaterals 

Choi SH et al., JACC Intv., 2015 

VS.



Clinical Outcomes in PS-matched population 

Cardiac Death MACE 

• Well-developed collaterals may preserve viable myocardium 

• Revascularization in these pts. reduces  the risk of cardiac 

death and MACE 
Choi SH et al., JACC Intv., 2015 



 Today’s Talk 

1. Outcome between successful vs. failed CTO?  

 

2. Clinical outcomes following successful CTO 
intervention? 

 

3. Impact of risk factors on outcomes after 
successful CTO intervention & on-going K-
CTO random trial 

 



Question;  

 A lack of evidence regarding the “the beneficial role 
of IVUS-guided CTO intervention using current-

generation DES for the improved clinical outcomes” 

after stent implantation. 
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Randomized CTO-IVUS study 



1:1 randomization 

A total of 402 patients were finally enrolled after 

successful guidewire-crossing  

IVUS-guided group 

(n=201) 

Angiography-guided group 

(n=201) 

Total 467 patients with CTO were initially screened 

 Exclusion 

− Wiring failure ; 61 patients 

− Refusal of study enrollment ; 4 patients  

Clinical follow-up for 12 months 

# Primary endpoint; 
Composite of Cardiac 
death, MI, ST, & TVR at 12 
months 

1:1 randomization 

R-ZES vs. N-BES  

Randomized CTO-IVUS study A prospective, multi-center (20 centers in Korea), randomized trial  

Recommendation in the IVUS-guided group: 1) MSA ≥distal reference LA; 2) 
SA at CTO segment ≥5 mm2 as far as vessel area permits; and 3) complete 
stent apposition.  

Kim BK, et al. Circ Interv 2015 



IVUS-guided 
(n=201) 

Angiography-
guided (n=201) 

p 
Value 

Procedure success 199 (99.0%) 197 (98.0%) 0.411 

Total number of stents, n  1.7 ± 0.8 1.6 ± 0.7 0.198 

Mean stent diameter, mm 2.91 ± 0.52 2.85 ± 0.41 0.228 

Total stented length, mm 43.6 ± 18.7 41.5 ± 17.6 0.245 

High-pressure post-stent dilation 103 (51.2%) 83 (41.3%) 0.045 

Maximum post-stent balloon pressure, atm 14.6 ± 3.7 13.8 ± 3.8 0.040 

Post-procedure 

  Reference vessel diameter, mm 2.92 ± 0.39 2.86 ± 0.45 0.144 

  Minimum luminal diameter, mm 2.64 ± 0.35 2.56 ± 0.41 0.025 

  Stent edge dissection 18 (9.0%) 27 (13.4%) 0.155 



IVUS-guided 
(n=201) 

Angiography-guided 
(n=201) 

p Value 

Pre-procedure 

    Reference vessel diameter, mm 2.69 ± 0.44 2.64 ± 0.55 0.346 

Post-procedure 

Whole diseased segments 

    Reference vessel diameter, mm 2.92 ± 0.39 2.86 ± 0.45 0.144 

    Minimum luminal diameter, mm 2.64 ± 0.35 2.56 ± 0.41 0.025 

    Percent diameter stenosis, % 9.0 ± 9.8 10.2 ± 10.9 0.272 

CTO segments 

    Minimum luminal diameter, mm 2.81 ± 0.37 2.69 ± 0.42 0.004 

    Percent diameter stenosis, % 3.3 ± 10.9 5.3 ± 12.5 0.095 
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Kim BK, et al. Circ Interv 2015 
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3. Impact of risk factors on outcomes after 
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Rha SW et al., Coron Artery Dis, 2015 

Objectives 

To investigate the impact of 
DM on the prognosis of the 
patients undergoing DES-
PCI for CTO 

 

Study Population 

K-CTO registry consisting of 
26 Korean centers 

From 2007 to 2009, a total 
of 2,865 Pts. undergoing PCI 
to CTO 

Non-DM (n=1,888) vs. DM 
(n=977) 

 

 



Rha SW et al., Coron Artery Dis, 2015 

12mo. Outcomes 

in PS-matched 

population 

DM vs. non-DM 

Insulin vs. 

no insulin in DM 

Pts. 



Yoon CH, Chae IH et al., CCI, 2015 

• “Smoker’s paradox” 
• Lower mortality in smokers than in non-smokers after AMI 

• Smoking ass. with enhanced responsiveness to clopidogrel 

• Younger age, less comorbidities in smokers  

• Objectives 
• To investigate the effects of smoking on long-term outcomes after 

successful PCI for CTO 

• Study Population 
• Korean CTO (K-CTO) registry consisting of 26 Korean centers 

• From 2007 to 2009, a total of 1,527 Pts. undergoing PCI to CTO 

• Current smokers, n=311, Never smokers n=903 



Baseline Characteristics 

Yoon CH, Chae IH et al., CCI, 2015 



Yoon CH, Chae IH et al., CCI, 2015 

Cardiac Death Non-fatal MI Stent thrombosis 

Thrombotic events TVR MACE 

Never 

Current 

Never 

Current 
Never 

Current 

• “Smokers’ paradox” also applies to CTO patients after 

successful revascularization. 
 

• Smoking is associated with fewer thrombotic events but 

with a higher incidence of TVR. 



Question;  



1) CTO length 

2) Shape of proximal/distal entry of CTO;  blunted or tapered 

3) Morphology of CTO segment; No. of occlusion sites, bending at the entry or 

exit site or within CTO 

4) Vessel remodeling in CTO segments, negative or positive CTO Length 
17mm

Identification of location of CTO, side branches & collateral channels 

CTO Length 
17mm

5) Calcification  “Geographic calcium-mapping” 

• Maximal cross-sectional extent; <50% or >50%  

• Shape; none, semicircular <180°, circular ≥180°  

• Length & location  

 

1. Make the “at-a-glance CT image” matched with angiogram, “two different views 

2. Qualitative and quantitative analyses of CTO segments 

3. Analyses of the segments around CTO 

Role of CT scan for successful CTO intervention 

– Vessel area and disease severity of reference segments 

Pre-procedural CT assessment before PCI, improve the success rate?  



PI: Yangsoo Jang / CT core lab: Chang HJ / Kim BK (Yonsei University Severance Hospital) 

Principle	inves gators:	Yangsoo	Jang	/	CT	core	lab:	Chang	HJ	/	Kim	BK	(Yonsei	University	Severance	Hospital)	

A total of 404 patients will be enrolled and randomized

Pre-PCI CT scan group 
(n=202) 

ZES 

(n=101)

EES  

(n=101)

Control group 
(n=202) 

ZES 

(n=101)

EES  

(n=101)

Evalua on	of	success	rate	according	to	the	different	strategies	

Angiographic	follow-up	12	months	&	Clinical	follow-up	to	24	months		

Prospec ve,	Open	label,	Mul center,	randomized	study	
Objective 

To evaluate whether pre-
procedural 3D CT scan can 
improve the successful 
recanalization in the treatment 

of CTO compared with conventional 
treatment 

Primary end points 
Incidence of the successful CTO 
recanalization between pre-PCI 
CT scan group vs control group 

Secondary end points 

Comparison of MACE between ZES-R (Endeavor Resolute Integrity) and EES (Xience)  

Efficacy parameters for CTO PCI (Total procedural time / Total contrast amount)  

Randomized trial of K-CTO club 



Conclusion:  Summary of K-CTO registry 

As compared to the failed CTO intervention, the successful CTO 
intervention using DESs showed … 

 a lower occurrence of the composite of cardiac death and MI  

 a lower cardiac mortality rate and a need for bypass surgery 

 Clinical parameters (such as age, diabetes, and heart failure) were 
independent predictors of fatal events. 

IVUS-guided CTO intervention showed the improved clinical 
outcomes after 2nd-generation DES, confirmed by K-CTO registry and the 
randomized CTO-IVUS study. 

The on-going K-CTO randomized trial, CT-CTO trial will show the role 
of pre-procedural CT scan for successful CTO. 

The impacts of major risk CAD factors on clinical outcomes after CTO 
intervention could vary.  




