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How to improve clinical outcomes 
after successful CTO PCI ? 



For the CTO interventionalists, successful wiring is always 
important. 

For CTO patients, both successful procedures & living-long are 
important !  

✰Is “Successful wiring” 

“Successful CTO-PCI” ? 



Pre 

Patient 1. LAD-CTO  

Post 2 Nobori BESs, overlapped  

(2.75x24mm, 2.75x24mm) 

F/66; Heart failure (EF=35~45%), HiBP 

• Antegrade approach  final success by parallel wiring  



Patient 2. LCx-CTO  

F/55; DM 

• Ipsilateral collateral channel  finally succeed (procedure time; 4hrs) 

Resolute ZES 2.75x30mm 

Pre Post 



Patient 3. RCA-CTO  

F/80; HiBP, Smoker 

• Start anterograde  Change into retrograde approach 
        finally succeed ! (total No. of wires used; 9) 

2 Resolute ZESs, overlapped  

(3.5x26mm, 3.0x22mm) 

Pre Post 



Patient 4. LCx-CTO  

M/70; Heart failure (EF=34%), Smoker 

• Successful antegrade wiring within 10 mins  1 DES implanted   
      However, procedure ended without obtaining TIMI III 

BES, 2.5x28 mm 

Pre Post 



Patient 1. 

Patient 2. 

Patient 3. 

Patient 4. 

2 N-BESs, overlapped 

(2.75x24mm, 2.75x24mm)

N-BES, 2.5x28 mm

2 R-ZESs, overlapped 

(3.5x26mm, 3.0x22mm)

R-ZES 2.75x30mm

Kim BK, et al. Circ Interv 2015 



✰Successful wiring, 

successful CTO-PCI? 

A Successful CTO-PCI … should be … 

“A good long-term clinical outcomes 

after successful PCI” 



1. Patients’ and lesions’ characteristics 
predicting the worse clinical outcomes 
after successful CTO-PCI? 



Kim et al. CAD 2017 

• Study population: Korean 
CTO (K-CTO) registry from 
2007 to 2012  

 2,334 patients in whom CTO 
intervention was successful 
on using same-generation 
DES were enrolled. 

 

• Primary endpoint: composite of 
cardiac death, MI, and ST (median 
follow-up duration: 22 months) 

 

 
Cumulative incidence of the primary endpoint; 2.5%  



Predictors for the events after successful CTO-PCI?  

Kim et al. 2017 CAD 

Adjusted HR 95% CI P 

Cardiac death, MI or ST 

 Age ≥65 years 1.8 1.03-3.05 0.041 

 Diabetes mellitus 1.8 1.04-3.01 0.034 

 LVEF <40% 4.2 2.34-7.71 0.001 

TVR 

  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 



CAD 2017 Kim et al. 

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

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

  Comparison of the according to the No. of risk factors  



1. Patients’ and lesions’ characteristics predicting 
the worse clinical outcomes after successful 
CTO-PCI? 

 Clinical parameters (old age, DM, & HF) were 
independent predictors of the fatal events whereas 
angiographic/procedural parameters (lesion length & 

stent No.) were predictors of TVR. 
 

 The higher the number of clinical risk factors, the 
higher the fatal event rates. 
➨ Consideration of the proper revascularization strategy 

before CTO-PCI (PCI vs CABG?) 
➨ A more strict follow-up needed. 



2. Types of DESs could affect the outcomes? 

Strut Thickness 140 µm 132 µm 96 µm 89 µm 81 µm  81 µm  

Coat Thickness 7µm / side 16µm/side 14µm/side 6µm / side 8µm / side 8µm / side

Cypher TAXUS Express
TAXUS 
Liberte

Resolute 
Integrity

Xience
Alpine

Promus 
PREMIER

Evolution of DES Technology
1st Generation 2nd Generation

Durable 
Polymer 
Stents

Fully 
Bioresorbable

Stents

BIOFREEDOM Drug Filled Stent BVS ELIXIR DESolve DREAMS II

1st Generation Future Technologies 

Polymer
Free

Stents

Bioabsorbable 
Polymer 
Stents

Strut Thickness 120 µm 125 µm 64µm 60µm 74µm 80µm

Coat Thickness 10 µm 20 µm
5µm luminal

15µm Abluminal
4-7µm / side 4 µm 14 µm

Biomatrix Nobori MiStent Orsiro Synergy Ultimaster

Strut Thickness 112 86 150 µm 150 µm 150 µm

Coat Thickness NA NA 3 µm / side <3 µm / side 8 µm / side



Lee MH, et al. Am J Cardiol. 2015;116:195-203. 

Ahn JH, et al. PLoS One. 2016;11:e0157549. 

Kim, et al. CAD 2017;28:381-86. 

New-generation vs. Newer-generation ?  



Kim BK, et al. Circ Interv 2015 

From the randomized CTO-IVUS trial 



JACC Cardiovasc Interv. 2017;10:133-143 

 This randomized trial failed to show noninferiority of hybrid SES relative to EES in 
terms of in-segment late lumen loss in successfully recanalized CTOs. 

 Clinical endpoints were comparable. 

Randomized PRISON IV trial 

1∘  endpoint; 



BRS may exhibit obvious potential advantages …

 Improvement in endothelial and vascular functions of the 

coronary segment treated, eliminating the metallic caging 

 

 Good for late lumen enlargement after CTO-PCI 

 

 Vasomotion restoration 

 

 Overcome the weakness of full metal jacket & PCI-failure 



 

• 35 patients with CTO

• 40 CTO patients with 63 BVSs

23 patients with CTO



• CC: Intermittent Chest pain 

• TMT : Positive 

Echocardiography : No RWMA, LVEF 71% 

• Coronary CT : m-LAD 90% stenosis 

• Dx : Stable angina (failed LAD-CTO) 

 

M/53 Retried LAD-CTO 



LAD-CTO; Prior attempt 

Antegrade approach 
Corsair + (Pilot → Gaia 2nd → Conquest pro  cross X) 



Retry by using retrograde epicardial collateral 

Retrograde approach 
 XBG 8-3.5 (SH) 

 Finecross + 014" G/W : Runthrough → Sion  



PCI of retried LAD-CTO 

 Antegrade approach SAL 7-1 (SH) 

  Corsair + 014" G/W : Runthrough → XT-R 

Retrograde approach 

Corsair + 014" G/W : Gaia 1st → lesion passed !  



Pre-dilation 

Pre-Balloon : Semi-balloon 2.5*14 

Pre-Balloon : NC balloon 3.5*12 



BRS @ LAD-CTO 

 BVS : Absorb GT1 3.0*28 (14 atm) at p~mLAD 

 How to treat p-LAD, big vessel? 



Hybrid PCI using metal stent and BRS 

Hybrid stenting: Xience alpine 3.5*28 (18atm) at LM~pLAD 



•  Adjuvant balloon : NC 3.5*12  

        (up to 26 atm) at LM-m-dLAD  

Hybrid PCI using metal stent and BRS 

Absorb GT1 3.0*18 (14atm) at m-dLAD 

           (in case of stent failure & saving for CABG)  



Final angiography 

Successful Hybrid PCI of LAD-CTO: (Xience 3.5*28, Absorb GT1 3.0*28, 3.0*18)  



3. Procedural factors affecting the clinical 
outcomes after successful CTO-PCI? 



Patient 1. 

Patient 2. 

Patient 3. 

Patient 4. 

2 N-BESs, overlapped 

(2.75x24mm, 2.75x24mm)

N-BES, 2.5x28 mm

2 R-ZESs, overlapped 

(3.5x26mm, 3.0x22mm)

R-ZES 2.75x30mm

Kim BK, et al. Circ Interv 2015 

Cases either with cardiac death or MI 



Kim BK, et al. Circ Interv 2015 

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

ü 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 

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.	
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Angiography-guided	group

IVUS-guided	group
(No. of events) 

Randomized CTO-IVUS study 



How to improve clinical outcomes by imaging guidance ? 
How to improve clinical outcomes by imaging guidance ?

IVUS-guided
(n=201)

Angiography-
guided (n=201)

p value

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

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-procedural MLD, mm 2.64 ± 0.35 2.56 ± 0.41 0.025

Randomized CTO-IVUS study

IVUS-guidance

(n=700)

Angiography-

guidance (n=700)

P

value

No. of stents per lesions 1.3 (0.5) 1.3 (0.5) .48

Adjunct post-dilatation 534 (76) 402 (57) <.001

Final balloon size, mm 3.14 ± 0.43 3.04 ± 0.42 <.001

Maximal inflation pressure, atm 16.5 ± 4.1 15.9 ± 4.1 .052

Post-procedural MLD, mm 2.64 ± 0.42 2.56 ± 0.39 <.001
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Patients meeting the IVUS-criteria
for stent optimization 

Patients not meeting the IVUS-
criteria for stent optimization 

Comparison of the outcomes according to the 

meeting of IVUS-criteria

ü Criteria for stent optimization in  
IVUS-guidance group

Minimal lumen CSA > lumen CSA at 
distal reference segments

How to improve clinical outcomes by imaging guidance ?

Hong & KimBK 2015 JAMA

Improved  
clinical 
outcomes 

IVUS criteria from CTO-IVUS trial 

1) MSA ≥ distal reference LA 
2) SA at CTO segment ≥5 mm2 as far as vessel area permits  



4. Any parameters affecting the clinical 
outcomes to monitor ?  

      Check-up of post-procedure enzymes !  

 



• Between 2012 and 2015, a 
total of 337 patients who 
underwent CTO-PCI and met 
the study criteria were 
consecutively enrolled from 
the YONSEI CTO registry. 

• Primary endpoints; MACCE (the composite of cardiac death, MI, stent thrombosis, TVR, and CVA)  

• Definition of PMI: CK-MB elevation ≥3 times (ULN, 5 ng/mL) after CTO-PCI 

Incidence of PMI; occurred in 23 (6.8%). 

Kim, et al. Catheter Cardiovasc Interv. 2017 Dec 20. 



PPMI in CTO might be strongly related to the fatal worse clinical 
outcomes. 

However, the specific treatment strategy for the patients with PPMI 
in CTO was no established. 

Kim, et al. Catheter Cardiovasc Interv. 2017 Dec 20. 

 Prevention & identification of risk factors for 

the occurrence of PPMI after CTO-PIC would 
be the most important.  



4 main risk factors  

1) Previous CABG, 

2) J-CTO score ≥ 3, 

3) Longer procedure time 
(>90th percentile),  

4) Side branch occlusion  

• The group with multiple risk factors (No. of risk factors ≥ 3) 

had a significantly higher MACCE rate than the other groups 

(groups with 0, 1, or 2 risk factors). Kim, et al. CCI 2017 Dec 



Take-home message 

Pre-CTO-procedure 

Clinical outcomes after CTO intervention were worse in patients with 
multiple risk factors (DM + Age + CHF)  

 reconsidering the benefits and losses between PCI and CABG  

During CTO procedure 

• Recent DESs showed a favorable clinical outcomes  

• A still room for BRS in CTO 

• Stent optimization (adequate expansion) by IVUS guidance  

 essential for the improvement of clinical outcomes  

Post-procedure 

Clinical parameters (age/DM/CHF), PPMI after CTO-PCI  

 Predictors of the fatal clinical events. 

 A strict management strategy is definitely needed, even after CTO-PCI 
success. 

How to improve clinical outcomes 
after successful CTO PCI ? 



With the Love of God, Free Humankind from Disease and Suffering 


