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1. Definition – prevalence

2. Indications

3. Technique

• Wire crossing strategies

• Balloon Crossing

• Stents

4. Complications 

Outline



Proximal RCA CTO – LAO viewCTO: occlusion in the coronary artery with 

TIMI 0 flow of ≥3 months duration



CTO prevalence: Canadian registry
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Jeroudi O et al. CCI 2013

Diagnostic caths 1/2011 to 12/2012: 2,193

Unique patients: 1,699

No prior CABG;  n=1,355

CAD ;  n=1,015
Prior CABG;  n=344
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Prevalence of CTOs and choice of 

revascularization in Dallas VAMC
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Patient testimonial after right coronary artery 

chronic total occlusion intervention



Why open a CTO?

Patient Physician

1.↓ angina

2.↑ LV function

3.↓consequences of 

future ACS

4.↓arrhythmias

5.↓CABG

6.↓nitrate use…

1. Help pts

2. Improve PCI 

skills

3. ↑  PCI volume



Claessen, B. E.P.M. et al. J Am Coll Cardiol Intv 2009;2:1128-1134

Impact of CTO on 

outcomes post STEMI



Complete vs incomplete revascularization

Garcia, .., Brilakis. J Am Coll Cardiol. 2013;62:1421-1431

89,883 Patients 

RR = 0.71 [0.65-0.77], p<0.001

12,259 out of 89,883 

(13%) died during follow 

up.

CR was associated with 

reduced long-term 

mortality relative to IR 

(risk ratio (RR):0.71; 95% 

[CI]:0.65-0.77, p<0.001

Mortality benefit in 

patients treated with 

CABG (RR 0.70; 95% 

CI:0.61-0.80, p<0.001) 

and PCI (RR 0.72, 95% 

CI:0.64-0.81, p<0.001.

Mortality benefit did not 

vary with definition of 

CR. 
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3. How?

CTOs

A B?



2004-2007 The “early” years

2007-2010 “Crazy years”

2010- Moving on….

CTO in Dallas VAMC





Dissection 
Reentry

Antegrade

Retrograde

CTO crossing techniques



“Hybrid”

“Liger” –

crossbreed 

for lion and 

tiger – bigger 

than either!

an offspring resulting 

from cross-breeding



“Hybrid” CTO crossing algorithm

Brilakis, Grantham, Rinfret, Wyman, Burke, Karmpaliotis, Lembo, Pershad, Kandzari, 

Buller, De Martini, Lombardi, Thompson. JACC Intv 2012



Proximal RCA CTO – LAO view
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“Hybrid” CTO crossing algorithm



CTO basics

1.Approach: femoral – consider 45 cm 

sheath

2.Guide: 7 or 8 French – support

short/shortened 90 cm

3.Virtually always: dual injections

4.Anticoagulation: heparin

5.Monitor radiation: AK

6.Ready to manage complications:

perforation - tamponade



Guidewire Selection Simplified

Confianza 

Pro 12

Pilot 200

Fielder XT

noyes

Course of occluded 

vessel known?

SionRetrograde

1

2
3

4

Antegrade

Brilakis ES. Manual of coronary CTO interventions. Elsevier 2013



ASAHI Fielder Guidewires



Asahi Miracle wire family

Confianza = tapered tip

Pro            = hydrophilic coating



Antegrade attempt



Retrograde attempt



The retrograde approach



③②①



ASAHI SION Guide Wire Design

Joint-less spring coil3 cm Radiopaque 

coils

Composite Core (distal portion)

1. Flexible core

2. Twist wire

Composite Core Technology (proximal portion)

1. Rope Coil  

2. Flexible core  

3. Twist wire  

Stainless steel high tension core

SLIPCOATTM hydrophilic coating coats 

entire working length of the wire (28 cm) 



Retrograde Dissection Techniques

Proximal cap Distal cap

Proximal cap Distal cap

Proximal cap Distal cap

CART

Reverse CART

Confluent balloon

Brilakis et a. CCI 2012
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Karmpaliotis, Michael, Brilakis, Lombardi, Kandzari et al. JACC Intv 2012;5:1273-9

Michael, Karmpaliotis, Brilakis, Lombardi, Kandzari et al. Am J Cardiol 2013;112:488-492

CTO PCI: success and complications

30%

N=1,363•Peacehealth Bellingham, WA 

•Piedmont Atlanta, GA 

•Dallas VAMC/UTSW



Retrograde crossing failed



CTO dissection/re-entry

strategies

Antegrade Retrograde

Dissection

Re-entry

Dissection

Re-entry

Knuckle wire

CrossBoss

•STAR

•Contrast-guided STAR

•mini-STAR

•LAST

•Stingray

Knuckle wire

CART

Reverse CART

Michael et al

Circ Intv 2012



CrossBoss – Stingray 

mechanism of action



Bridgepoint system: mid-term outcomes

Mogabgab et al. JIC 2013



STAR technique: long-term outcomes

• Florence CTO PCI 

registry

• 802 successful CTO 

PCI between 2003-

2010 

• 82% angiographic FU

• EES less reocclusion

than 1st generation 

DES

• STAR: 57% 

reocclusion rate 

(16/28)

Valenti et al. JACC Intv 2013



Forming a knuckle



The “dance”



Stingray



Position confirmation



Final result



How often is “switch” needed?

Michael,…,Brilakis Journal of Interventional Cardiology 2013

66/73 success rate (90.4%)

32 of 73 pts (44%) required 3.6±1.4 approach changes
Antegrade wire: 50.0%; antegrade diss/re-entry: 24.2% retrograde: 25.8%



US Multicenter CTO registry 

1/2012 to 8/2013

n=489

Technical success: 91.6%

Major complications: 1.6%

•Appleton Cardiology, WI

•Dallas VAMC/UTSW

•Peaceheath Bellingham, WA 

•Piedmont Heart Institute, GA

•St Luke’s Mid America Heart 

Institute, MO 

Menon, Christopoulos, Karmpaliotis, Alaswad, Lombardi, Grantham, Thompson, Brilakis et al, TCT 2013

41

28

32

Antegrade

Antegrade dissection/re-entry

Retrograde

63

39
44

0

20

40

60

80

100

Techniques Used

%

Antegrade

Antegrade DR

Retrograde

Successful technique



87.2

93.4

78.1

88.1

70

80

90

100
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%

No prior CABG

Prior CABG

Pre “Hybrid” era

Michael, Karmpaliotis, Brilakis, Lombardi, 

Kandzari et al. Heart 2013;99:1515-8

Δ=9.1%

P<0.001

Christopoulos, Menon, Karmpaliotis, Alaswad, 

Lombardi, Grantham, Brilakis et al, submitted

CTO PCI: success and prior CABG

N=1,363

3 US sites

Prior CABG: 37%

Complications: 1.5% vs. 2.1%

Retrograde: 27.1% vs. 46.7% 

Δ=5.3%

P=0.044

“Hybrid” era

N=496

5 US sites

Prior CABG: 35%

Complications: 1.9% vs. 1.1%

Retrograde: 24% vs. 39% 
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Frequency of CTO complications

65 studies - 18,061 Patients

Patel V,…., Brilakis ES – JACC Intv 2013



Patel V,…., Brilakis ES – JACC Intv 2013

65 studies - 18,061 Patients

Frequency of CTO complications



1. CTOs are common

2. CTO revascularization can 

provide significant clinical 

benefits

3. CTO PCI can be achieved with 

high success and low 

complication rates and can be 

cost-effective

Conclusions



Released: 

TCT 2013


