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J.S. 48-Year-Old Male
6-Month Post Anterior MI

J.S. 48-Year-Old Male
6-Month Post Anterior MI

CTO LADCTO LAD 3.5 & 3.0 S7 Stents3.5 & 3.0 S7 Stents

Procedure Date: June 22, 2000Procedure Date: June 22, 2000Procedure Date: June 22, 2000



LVEF  32%

20 Jun 00 JS
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Predictors of Improvement in LV Function After PCI of 
Occluded Coronary Arteries (TOSCA)

Predictors of Improvement in LV Function After PCI of 
Occluded Coronary Arteries (TOSCA)

244 pts, baseline & 6244 pts, baseline & 6--month F/U month F/U angiosangios, target vessel , target vessel patencypatency

All patients (%)All patients (%)
Occlusion DurationOcclusion Duration
≤≤ 6 weeks6 weeks
> 6 weeks> 6 weeks

Baseline LVEF (%)Baseline LVEF (%)
≤≤ 60 (%)60 (%)
> 60 (%)> 60 (%)

F/U Vessel F/U Vessel PatencyPatency
TIMI 0TIMI 0--22
TIMI 3TIMI 3

Baseline LVEFBaseline LVEF
59.4 59.4 ±± 11.911.9

56.0 56.0 ±± 11.611.6
62.0 62.0 ±± 11.511.5

45.6 45.6 ±± 8.78.7
68.3 68.3 ±± 6.06.0

59.4 59.4 ±± 11.411.4
59.4 59.4 ±± 12.012.0

V. V. DzavikDzavik et al. AHJ 2001;42:301et al. AHJ 2001;42:301

ChangeChange
1.6 1.6 ±± 7.87.8

3.0 3.0 ±± 8.78.7
0.5 0.5 ±± 7.07.0

3.8 3.8 ±± 8.48.4
--0.4 0.4 ±± 6.76.7

--0.6 0.6 ±± 6.16.1
2.0 2.0 ±± 8.18.1

pp--valuevalue
< 0.005< 0.005

0.0140.014

< 0.001< 0.001

0.060.06



Procedural Outcomes and Long-Term 
Survival for PCI of Chronic Total Occlusion

Procedural Outcomes and Long-Term 
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CTO, n =CTO, n = 14861486 12941294 10651065 806806 582582
Mid America Heart Institute ExperienceMid America Heart Institute Experience

2007 Patients, 202007 Patients, 20--Year ExperienceYear Experience
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CTO-SuccessCTO-Success
CTO-FailureCTO-Failure
Matched SuccessMatched Success

00 22 44 66 88 1010

CTO-Success %CTO-Success %
CTO-Failure %CTO-Failure %

Matched Success %Matched Success %

95.695.6 92.792.7 88.588.5 83.683.6 79.879.8
90.490.4 85.285.2 78.878.8 68.568.5 65.665.6
93.793.7 89.189.1 82.982.9 78.378.3 74.574.5

p = 0.003p = 0.003

Procedural Outcomes and Long-Term 
Survival for PCI of Chronic Total Occlusion

Procedural Outcomes and Long-Term 
Survival for PCI of Chronic Total Occlusion

Single Vessel ProcedureSingle Vessel Procedure

Mid America Heart Institute ExperienceMid America Heart Institute Experience

N = 2007 PatientsN = 2007 Patients



RCA OnlyRCA Only

75%75%

67%67%

p = 0.001p = 0.001SuccessSuccess
FailureFailure

Months After CTO InterventionMonths After CTO Intervention
00 66 1212 1818 2424 3636 4848 6060 7272 8484 9696 108108 120120

00

1010

2020

3030

4040

5050

6060

7070

8080

9090

100100

Pe
rc

en
t

Pe
rc

en
t

Procedural Outcomes and Long-Term 
Survival for PCI of Chronic Total Occlusion

Procedural Outcomes and Long-Term 
Survival for PCI of Chronic Total Occlusion



64-Year-Old Male
24-Month CTO of RCA

64-Year-Old Male
24-Month CTO of RCA



Procedural Outcomes and Long-Term 
Survival for PCI of Chronic Total Occlusion
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p = 0.268p = 0.268SuccessSuccess
FailureFailure
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p < 0.0001p < 0.0001SuccessSuccess
FailureFailure

Months After CTO InterventionMonths After CTO Intervention
00 66 1212 1818 2424 3636 4848 6060 7272 8484 9696 108108 120120
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Procedural Outcomes and Long-Term 
Survival for PCI of Chronic Total Occlusion
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53-Year-Old Male
6-months CTO LAD
53-Year-Old Male

6-months CTO LAD



Immediate Results and One-Year Clinical Outcome 
After PCI in Chronic Total Occlusions

Data from Multicenter, Prospective Study (TOAST-GISE)

Immediate Results and One-Year Clinical Outcome 
After PCI in Chronic Total Occlusions

Data from Multicenter, Prospective Study (TOAST-GISE)

1212--Month Clinical OutcomeMonth Clinical Outcome

OlivariOlivari et al.  JACC 2003;41:1672et al.  JACC 2003;41:1672
Only MV predictor of MACE free survival was successful opening oOnly MV predictor of MACE free survival was successful opening of CTOf CTO

All deathsAll deaths
Cardiac deathCardiac death
Non fatal Q MINon fatal Q MI
Non fatal Non Q MINon fatal Non Q MI
Cardiac death/MICardiac death/MI
CABGCABG
Any TLRAny TLR
Any MACEAny MACE

CTO SuccessCTO Success
N = 286N = 286

3 (1.05%)3 (1.05%)
1 (0.3%)1 (0.3%)
1 (0.3%)1 (0.3%)
1 (0.3%)1 (0.3%)
3 (1.0%)3 (1.0%)
7 (2.4%)7 (2.4%)

33 (11.5%)33 (11.5%)
35 (12.2%)35 (12.2%)

CTO FailureCTO Failure
N = 83N = 83

3 (3.6%)3 (3.6%)
3 (3.6%)3 (3.6%)

--
3 (3.6%)3 (3.6%)
6 (7.2%)6 (7.2%)

13 (15.7%)13 (15.7%)
19 (22.9%)19 (22.9%)
21 (25.3%)21 (25.3%)

pp--valuevalue

0.130.13
0.030.03

0.30.3
0.0050.005

< 0.0001< 0.0001
0.010.01
0.0050.005



Percutaneous Coronary Intervention for CTO: 
Thoraxcenter Experience 1992-2002

Percutaneous Coronary Intervention for CTO: 
Thoraxcenter Experience 1992-2002

A. A. HoyeHoye et al. et al. EurEur Heart J. 2005;26:2630Heart J. 2005;26:2630

MACE at 30 days (%)MACE at 30 days (%)
Death or AMI (%)Death or AMI (%)
Death or CABG (%)Death or CABG (%)
55--Year Survival (%)Year Survival (%)
55--Year MACEYear MACE--FreeFree

Survival (%)Survival (%)

CTO SuccessCTO Success
N = 567N = 567

5.55.5
1.21.2
1.81.8
93.593.5

63.763.7

CTO FailureCTO Failure
N = 3.4N = 3.4

14.814.8
2.32.3
9.99.9

88.088.0

41.741.7

pp--valuevalue

< 0.0001< 0.0001
0.20.2

< 0.0001< 0.0001
0.020.02

0.00010.0001

874 pts, 885 874 pts, 885 CTOCTO’’ss, Follow, Follow--up mean 4.1 yearsup mean 4.1 years
Success Rate 65.1%, Success Rate 65.1%, StentsStents in 81%in 81%



Percutaneous Coronary Intervention for CTO: 
Thoraxcenter Experience 1992-2002

Percutaneous Coronary Intervention for CTO: 
Thoraxcenter Experience 1992-2002

A. A. HoyeHoye et al. et al. EurEur Heart J. 2005;26:2630Heart J. 2005;26:2630

DeathDeath
Successful Successful RevasculRevascul..
AgeAge
Diabetes mellitusDiabetes mellitus
MVDMVD

MACEMACE
Successful Successful RevasculRevascul..
MVDMVD
Use of Use of StentStent

Hazard RatioHazard Ratio

0.580.58
1.041.04
2.492.49
4.294.29

0.550.55
1.431.43
0.690.69

pp--valuevalue

0.040.04
0.0020.002
0.0050.005

< 0.001< 0.001

< 0.001< 0.001
0.0020.002
0.0020.002

Independent Predictors of Death and MACEIndependent Predictors of Death and MACE
After Attempted PCI of CTOAfter Attempted PCI of CTO



Chronic Total Occlusion
Selection of Patients for PCI

Chronic Total Occlusion
Selection of Patients for PCI

Favorable AnatomyFavorable Anatomy
Tapered point of Tapered point of 
occlusionocclusion
Visible Visible microchannelsmicrochannels
No side branchNo side branch
Bridging collaterals Bridging collaterals 
absentabsent
CTO < 3 months oldCTO < 3 months old
Short gap < 15Short gap < 15--20 mm20 mm
Mild calcificationMild calcification

Complex AnatomyComplex Anatomy
Blunt occlusionBlunt occlusion
No visible channelNo visible channel
Side branch at site of CTOSide branch at site of CTO
Bridging collaterals Bridging collaterals 
presentpresent
CTO > 3 months old or CTO > 3 months old or 
unknownunknown
Gap > 20 mmGap > 20 mm
Severe calcificationSevere calcification



Tapered 
point

at CTO,
no bridging 
collaterals 

and
short gap

Tapered 
point

at CTO,
no bridging 
collaterals 

and
short gap



Opened with
Asahi medium wire

Opened with
Asahi medium wire

3.0 x 23 mm
Cypher™ stent

3.0 x 23 mm3.0 x 23 mm
CypherCypher™™ stentstent



CTO
Severe RCA 
Calcification

Failed 
procedure

CTO
Severe RCA 
Calcification

Failed 
procedure



Predictors of Procedural Failure
in Chronic Total Occlusion

Predictors of Procedural Failure
in Chronic Total Occlusion

H. Tanaka et al. JACC 2005;45:62AH. Tanaka et al. JACC 2005;45:62A

934 Pts, 1039 Lesions, 1995934 Pts, 1039 Lesions, 1995--2004; 2004; KurashikiKurashiki, Japan, Japan

SuccessSuccess
RateRate

Period 1Period 1
9/959/95--9/969/96

Conquest Conquest nana

64.6%64.6%

Period 2Period 2
10/9610/96--10/9810/98

Conquest Conquest nana

67.9%67.9%

Period 3Period 3
11/9811/98--3/013/01
ConquestConquest

81.0%81.0%

Period 4Period 4
3/013/01--3/043/04

Double wireDouble wire

87.7%87.7%

Independent Predictors of FailureIndependent Predictors of Failure
Period 1 & 2Period 1 & 2

Length of OcclusionLength of Occlusion
Duration of OcclusionDuration of Occlusion

Period 3Period 3
Length ofLength of
OcclusionOcclusion

Period 4Period 4
CalcificationCalcification
XS XS TortuosityTortuosity



Chronic Total Coronary Occlusion
MAHI Experience  

Chronic Total Coronary Occlusion
MAHI Experience  
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CTO SuccessCTO Success



PRISON II – Randomized Trial of SES vs. 
BMS for CTO: 6-Month Clinical F/U

PRISON II – Randomized Trial of SES vs. 
BMS for CTO: 6-Month Clinical F/U

MJ MJ SuttorpSuttorp & PRISON II Investigators. TCT 2005& PRISON II Investigators. TCT 2005
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PRISON II – Randomized Trial of SES vs. 
BMS for CTO: 6-Month Angiographic F/U
PRISON II – Randomized Trial of SES vs. 
BMS for CTO: 6-Month Angiographic F/U
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In-Segment RS* In-Stent RS Re-Occlusions

%

BMS (n = 100)

SES (n = 100)

MJ MJ SuttorpSuttorp & PRISON II Investigators. TCT 2005& PRISON II Investigators. TCT 2005

p < 0.0001p < 0.0001

p < 0.001p < 0.001

p < 0.04p < 0.04

(> 50%)(> 50%) (> 50%)(> 50%)
Note: *Note: *StentedStented segment including proximal & distal 5 mmsegment including proximal & distal 5 mm

Binary Restenosis (> 50%)



Chronic Total Occlusion
Keys to Success

Chronic Total Occlusion
Keys to Success

Case selectionCase selection
–– Careful review of angiogramCareful review of angiogram
Equipment selectionEquipment selection
–– Become familiar with a single wire setBecome familiar with a single wire set
Patience and perseverancePatience and perseverance
Consider concentrating cases on Consider concentrating cases on ““CTO DayCTO Day””
StentStent with drug eluting with drug eluting stentsstents for best longfor best long--
term resultsterm results


